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FOREWORD

Ihls report contains the findings of a program titled, "System 621B User Equipment 
Definition and Experiment for the U. S. Army". The work was accomplished hy 
Grumman Aerospace Corporation (GAC) at Bethpage, New York and the Hazeltlne Corp­

oration (HC) at Greenlawn, New York and compiles with all requirements of Contract 
Number POU70I-7I-C-OI76 and Amendment Numbers P00003 and POOOO8.

The report Is nnhn«h*^ in and the Grunman Report Nuaiber Is 621B-AFR^
The United States Air Force Report Number Is SSMSO-TR 71-190.

This report discusses the results of a Phase I study directed to preparing a field 
test plan for a System 621B Single Channel User Receiver and to performing suffi­

cient design tasks to allow lasiedlate procurement and execution of the test program.

Grunman wishes to acknowledge the assistance of Messrs. M. Miller and S. Bomerantz 
of USASATCOM, and the members of SAMSO and the Aerospace Corporation.

This document was prepared by M. M. Aguado, G. Hanmer, I. Kadar, S. Dick, J. Becker, 
E. Skobllckl, R. Laho, I. Shulman, L. Kubat, K. Slmonsen, E. Burke, R. Ackerman 
of Grunman and R. Regis, P. Sakson, F. Bruno, W. Flfer, R. Alwell of Hazeltlne.

>^J. J. Ca^tney, 
62IB Doctor

ll^Ct<F. Z. Gray, Dl^ctor y 
Special Projects, Grunwui

Publication approval of this technical report does not constitute Air Force 
approval of the report's findings or conclusions. It Is published only for ex­
change and stimulation of Idea;

'Paul S. Deem.Lt. Col., 
Chief, Orbital Systems

USAF
Branch



ABSTRACT 

In order to solidify confidence i the predicted performance of the System 621B 
receiver, this report outlines the tradeoffs that were performed to determine 
the best field test, for the u.s. Army, of a representative single-channel re­
ceiver which would use a helicopter as a test vehicle. Options have been defined 
including a choice of single-channel receivers and the addition of a real time 
navigation capability. The details of the design and test plan for the selected 
field test are given, as well as the requirement for the test range. This effort 
was done in sufficient range and depth to allow the immediate initiation of the 
test hardware procurement and/or fabrication. 
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1. lN'l'R ODOC'TI<Jt 

Thia report describes a program to teat the suitability ot the System 621B naviga­

tion system for uae by .land, sea and air vehicles of the lbited States Arrey. Among 

the Arrey f\mctiona for which such accurate position-fixing, navigation and survey 

data may be required are: 

• Tactical and strategic 
electronic warfare 

• Airborne operatima 

• Ground reconaissance, 
mounted and manpack 

• Topographic survey 

• Riverine operations 

• Target and weapon system 
location - fire control 

• Special applications - non-tactical 

- Range instrumentation 
- Geodetic 
- Photogrammetric 

It has been shown, based upon analytic data (Reference 2), that System 621B may 

be able to satisfy many of the position-fixing, navigation and survey accuracy 

requirements implicit in these functions. The test program is intended to demon­

strate and verify sane of the analysis contained in Reference 2. 

All these functions imply that the Arrey may employ a large number of System 621B 

user equipments. It is therefore imperative that the System 621B user equipment 

for the A:rrey be as cost-effective as possible. A one-protected-channel receiver 

is the basic element which may meet this criterion and Arrey requirenents. Alternate 

methods of achieving single-channel receiver operation for the test program are 

outlined. 

The system will be tested with a helicopter as the ground and airborne receiver 

test bed. Ground and ballon transmitters will be uaed to simulate satellite oper­

ation. To minimize cost, it is desirable that the single-channel receiver be 
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sted immediately following the teat of the four-channel receiver at White Sands. 

test set-ups will be almost identical. No hardware changes in the transmitters 

or their associated equipnent and only minor changes - relocation of the balloon 

antenna and replacement of its hemispherical antenna by a shaped beam antenna - in 

the area navigation test will be required. 
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2. OBJECTIVF.S 

The System 621.B navigaticn sy■tem, c0118i■ting ot tour aatellite tranl1Dittera, 
ground ataticn, and a uaer receiver/computer, can prarlde three-dimensional position 
and velocity data to it■ uaera. The system capabilities will be demonstrated uaing 
three ground tran■mittera to simulate three ot the aatellltea and a balloon-borne 
or ground-baaed tran81Ditter to simulate the fourth, depending on the i-,rticu)ar 
teat. A fout·-channel .receiver will be aboard an NC-135 aircraf't, the data tran 
which shall be recorded for later procea■ing at a ground facility. Thia teat pro­
gram is scheduled for the White Sand■ M::l.1aile Range during tr...e period of November 
1971 through 1-rch 1972. 

The teat configuration for the Army is similar, except far the replacement of the 
f~ur-channel receiver 1n the NC-135 aircraft by a one-channel receiver 1n a UH-1.H 
helicopter. Thia modification is hig~ desirable in the operational system to 
reduce receiver cost and thereby permit widespread use of the system by Army 

vehicles. The single-channel receiver will be aboard a helicopter and the data 
from the receiver will be recorded for post-flight proce■aing at a ground-based 
facility. CD-boa.rd real-time computation, as 1n an operatiooal system, could be 
implemented for these teats. Since the other elements of the system are essentially 
unchanged, almost identical teat aet-upa can be used for both systems. Therefore, 
to minimize teat coats, it is recanmended that the one-channel receiver be tested 
using the test set-up and personnel planned for the SAMSO NC-135 teats. It is 
estimated that field installation, checkout and fl:'.ght testing will require about 
four months. 
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rima.ry objective is the evaluation of the nal-time data derived fran the 

Fli ht Test Program. A listing of the objectives is given in Table 2-1. However, 

in addition to the preparation for the field tests, there an analytical results 

required to support the field test. These are described throughout this report. 

They include: 

• Prepa.ratiai of software to evaluate field test data 

• Analytical evaluation of the effects on the amplitude and phase 
of the incaning signal due to rotor modulation. A Fourier analysis of the rotor modulated wave will be accanplished in order to evaluate effects on the receiver 

• Determination of the errors due to multipath fran a refined modeling of ground roughness, and gromd reflection coefficient for the flight paths and the tie down configurations 

• Evaluation of multipath fran the rotor at low grazing angles 

• Evaluation of antenna vibration effects on the receiver 
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Table 2-1 Demonstration Objectives 

PRIMARY OBJEX::TIVES 

1. Determine accuracy of a single channel receiver in 
area navigation 

2. Determine aJcuracy of single cha.nl".el receiver in ILS 

3. Determine ace (1.racy of a single channel receiver and 
cycle rate at low signal levels for ground based 
users 

4. Determine rotor modulation ettects 

5. Determine ground multipath effects 

SECONDARY OBJECTIVES 

1. Determine code and carrier rate aiding requirements 

2. Determine accuracy of a dngle channel receiver with 
and without doppler information 

3. Determine acceptable antenna locations 

4. Determine reacquieitior. and channel sequencing 
capability 

TERTIARY OBJECTIVES 

1. Provide data to compare single channel performance 
versus NC-135A tests with 4 channel receiver 

2. Determine vibration and acoustic effect on accuracy 
and sequencing 

3. Evaluate real time computer workload for code and 
carrier aiding (Option III) 

4. Determine data sample rate requirement for receipt 
of satellite ephemerides modulation 
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3. TECHNICAL APPRQ\CH 

The obj "-'~tive ot thi■ program is to demmatrate the ability ot System 621.B to meet 
u.s. A:rar:, poeition-tixing, navigation and survey requirement■• Thia is to be 
achieved by utilizing a single channel receiver inatalled in a helicopter and oper­
ated over a gromid-baaed transmitter configuration 1imilar to the s.umo deployment. 
It is anticipate(}. that this proposed A:rar:, teat program can be performed basic~ 
using the transmitter configuration that will be ■et up far the SAMSO ILS teats. 
Thia test cantiguraticm uses three ground-baaed transmitter■ and one balloon-borne 
transmitter, and is to be performed at the Northrup strip at the White Sanda Missile 
Range. The s.umo II.S teats are the last teat■ to be run in t ~1e SAJ.SO aeries and 
the Arrrrs tests can be performed inmedintely following the SAJ.EO II.S test■ with the 
same transmitter caitiguration (Figurt. 3-1). No hardware changes will be required 
in the transmitters or transmitter associated equipnent (antennas, M::S, etc.). Sane 
minar changes to the II.S configuration will be required for the area navigation 
test. These include the removal and relocation of the b&lloom transmitter and 
antenna to a spt:tcific gromid location (Figure 3-2) and if necessary the replacement 
of the ILS antennas (hemispherical) by the shaped beam antennas that SAMSO will use 
for the NC-135 Phase II area navigation test. Bath changes are straightforward and 
require no new hardware. A single aircraf't antenna will be used in four helicopter 
locatior~r. to perform all teats (Figure 3-3). 

3.1 TIE DCMN TESTS 

These use the same transmitter configuratioo a■ the SAJ.SO ILS est. The helicopter 
is tied dawn to the pad located 500 f't fran the 1-£S van and the following tests are 
performed: 
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,~Glide 

' ' ' ' 

Slope 

Landing Pad 

30° 

..-- MCS 

/ 2000 Ft 

© ----1;.__/' 
/4____ ----- 1000 Ft J_ 

1732 Ft r/•~- 0 
~ ---

1732 Ft -------~--y --

Figure 3- 1 Hel i copter r~s and Tiedown Transmitter Configuration 
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Rotor Modulation/ 
Tie- Down Tests 

(pl) 

Area Navigation Test 

Figure 3- 3 Antenna Locations 
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• Rotor Modulation - Thia teat utilizes a top mounted antenna at two 
locations which observes the balloon transmitter through the 
rotor. In the tie down condition, the rotor can be run at zero 
and at flight speed, and the ettect of rotor modulation and multi­
path can be ascertained. Variou■ rotor reflection angles can be 
achieved by lowering the balloon. 

• Baseline Receiver Accuracy and Survey - With the helicopter tied 
down at a known point, ita position, aa determined :from measure­
ments, can be compared to the known location. This will provide 
a very accurate reference with which to compare System 621B in 
terms of land navigation and survey requirements. Further, a 
comparison of this data with that of MCS (at a known location 
with respect to the helicopter tie down point) will indicate, 
very accurately, the relative navigation capabilities of System 
621B. In the relative navigation teat, the MCS can be utilized 
as a user, since the transmitter biases will drop out of t he 
relative navigation equations. 

• Signal 1'!vels - For this t eat, transmitter signal levels will 
be varied to ascertain effects on receiver cycling time and 
performance. 

3.2 ILS TEST 

This uses the same transmitter configuration as the tie down tests. The helicopter 

will use a nose mounted antenna and will land at the pad located 500 ft from the 

MCS van. T"ne ILS profiles selected insure that all transmitters remain forward 

of the helicopter until touchdown. Data will he evaluated for IIS applicability 

and also compared with the MCS data to evaluate applicability of system to a 

relative IIS problem (helicopter landing at a point whose coordinates have been 

deduced from another System 621.B receiver). 

3.3 AREA NAVIGATION 

This test will require a slight change in the ILS transmitter configuration . For 

this test the balloon transmitter and antenna will be removed from the balloon 

and located at a specific ground loc·ation. The helicopter will then overfly the 

transmitters in a prescribed manner. This test will indicate the area navigation 
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pa ili t r of the one channel receiver. Moderate helicopter fiight profiles will 

e used. 

A power variation analysis has indicated a variation in received power of f'rom 

-137 dbm to -127 dbm (see Figure 5-27) over the optimum GOOP region. The minimum 

signal level is encolllltered at a distance of 4500 f't along the f'light path and in­

creases to -135 dbm at 4000 f't. The variation in power level of f'rom -135 dbm to 

-127 dbm along the course will have the effect of' improved accuracy at the higher 

signal levels. For Option I (Section 8), the receiver can meet a measurement error 

of' aR = 7 f't at -135 dbm, so that no major problems are anticipated. However, if 

during the flight test program it is fomd that this signal level is m&.rginal, then 

the ILS antenna will be replaced by the SAJ.EO area navigation shaped beam antenna 

which will reduce this variation f'rom -132 dbm to -128 dbm. ThiB is a simple 

replacement. 
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4. ASSUMFTICfiS AND GROUID RUIES 

1. Field te1t1 with the Army supplied helicopter will conmence upon canpletion ot NC-135 teat■ and continue tor tour m011th1. Ten weeks or the four month■ will be allocated to moditication, in1tall&tion and checkout and the remaining ■ix weeks tor flight test. SM> schedule in letter of tranllllittal. 

2. SAMS0 Phase II equipment shall be nade available tor \lie in 'the helicopter program immediately upon canpletion ot the final NC-135 flight, as required. GAC per1onnel will perform the nece11ary modification■ and/or installations in tha helicopter on site. Flight recorder shall be provided GFE by the Air Force • . 
3. Modification and installation of antenna■ , equipment racks and cables will be performed at Hollanan by GAC/HC vi th the exception of the UH-lH helicopter nose door which shall be provided by the U.S. A:rrrry to GAC for modification. 

4. The installation effort will be a one-time installation. 
5. Modification■, fabrications and installation ot equipment ■hall be accomplished by engineering drawing■ &1l1 technical writing■• 
6. The balloon used for the NC-135 ILS teat■ shall be made available for Army tests 1 and 2. 

7. The field teat will be performed at Holloman~ and WSMR. 

8. The Army will provide the helicopter and flight crew■• 

9. The Army will perfrJrm preflight and po■t flight checks and maintenance of helicopter. 

10. WSMR services required by the program will be provided GFE upon Air Force request. This will include providing the inst,illation and site surveys for the transmitters, but WSMR will have technical assistance fran Grummn Aerospace Corporation and Hazeltine Corparatio.'l. 
11. The 6600 ccmputer facilities at Kirtland AFB, 'w111 be 1111.de available for ari:y on-site data reduction. 

12. Constant-receiver-power flight prof'!.les shall be a goal but not a requirement, thereby allowing use of SAMSO transmitter anten,as. 
13. Existing ground test equipment n·om the NC-135 tests will be utilized. 
14. The Arrey will provide a suitable helicopter inverter, and installa­tion instructicns. 

15. WSMR will provide a helicopter landing pad at Northrup strip. 
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5. SYSTEM3 ANALYSIS 

Thia section addreaaea the system aspects of the field test demonstration as out­
lined in Section 3. In this category are the following topics: 

• Single-channel receiver performance 

• S£.lection of the ILS transmitter configuration and navigation performance 

• Selection of the Area Navigation transmitter configura-tion and navigation performance 

• Data reduction 

• Analysis of Rotor Modulation effects 

• Multipath 

• Received power canputation for tie-down 

• Helicopter performance 

5.1 SYSTEM ACCURACY REQUIRE?t£NT, ?€ASURE?t£NT ERROR AND CYCLE TIME 

In single-cha~nel operation a receiver will lock on a channel, remain locked long 
enough to obtain a meaningful measure of pseudo-range and pseudo~oppler, break 
lock and then begin search for the acquisition of the next channel. The accur9.ey 
of the overall system will depend on both the measurement accuracy per channel 
and the time required for acquisition. The uncertainty in vehicle dyne.mies will 
have greater effect as the time between updates increases. The system accuracy 
requirement will therefore place an upper bocrid on the cycle time. Similarly, the 
system accuracy is a direct function of the quality of the measurement and therefore 
system specifications will place an upper bound on measurement accuracy. 

An analytic expression is now derived which relates system accuracy requirement to 
measurement accuracy requirement and cycle time. 
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is assumed that position and velocity a.re updated between measurements by 

°9 ( t,_ t- J:a.'T) 

v(t~ +~:v 

y(t.,.)+ v ~r 
~ v(-t"') 

where tn is the time of the last update and Ji,. T is the time interval between up­

dates. 

The errors in equation (5-1) and (5-2) are due to ~rrors in the initial condit i ons 

and errors due to unmodeled accelerations. -e ~ 

✓• Yi·lt) -== ✓• y,,( t-~) + AT .r ~ -(-t~) +- .r Js r IAr,; er) J ?' 
~ - 0 

Iv"·(~) = ✓- J/i: C-t-) ·+ I a./(1') dr 

A worst case bound on/Y,,'andJt,,[· is obtained by assuming worst case measurement 

errors to be 3 ~ and 3 ,; respectively and assuming constant acceleration ai , then 
✓ }-' for 

and ✓ Y,.: 

(5 -4) 

where GOOP . is an appropriate GOOP constant which rela es t he measurement error l. 

to the error in the desired output quantity. A typical application of equations 

(5 -3) and (5-4) is shown in Figure 5-1 . For this curve the following system re­

quirements are displayed. 

• Maximum position error is required to be less than 50 ft 

• Maximum acceleration =½ G = 16 ft/sec 2 (Ref. 9) 
These requirements may be represe nta ive of forma ion flying with 
100 ft displacement between vehicles 

• GOOP . = 2 
The ~urve shows the required pseudo-range ac uracy plotted versus 
the eye: ~ time so hat t he system requireme nt is met . ote that -
cycle time is t he ime for the receiver o acquire all four channels; 
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Figure 5-1 Upper Bound on Range Measurement Error, a R' to Maintain 
Position Accuracy within 50 ft 
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it is nonnally four time■ the increment between nuccessive 
measurements 

e observe that 4 , the doppler error has relatively minor impact on position ac­

curacy over the range 

We observe that a .('R of 8.5 ft would be required, even if instantaneous cycle time 

were possible; that the measurement error must get better as cycle time increases. 

When cycle time exceeds 2.5 seconds we observe that the system specification can­

not be satisfied with even perfect measurements. 

From the curve, a reasonable design point might be ~R = 5.0 ft; cycle time= 1.0 

seconds. It is pointed out in Section 9.1 that the Optioo II (single channel) 

digital receiver can provide o s 5 .o 1't at a signal level of -140 dl:ln at an update r 

rate of five (5) samples per second. The Option I receiver (modified SAMS0 four-

channel receiver) however, will provide o s 5.0 fiat a signal level of -130 dbm r 

at a cycle time of one (1) second. The error increases to o = 7 fi at a worst r 

case sign~l level of -135 dbm. 
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5 .2 SEIECTICfi CF THE IIS TRAN$M.l.1"1.ER CCffl'IGURATIClt 

In order to construct an IL9 tranndtter cantiguratim, several cc:matr&ints asso­

ciated with the problem must be accounted tor. Since these cmatraint1 - " degrade 

the navigatiCll solutim, the questiCll ~ be a1ked, ''by how much"; In its work 

for SAMSO, GrUDID&rl Aeroapace Corporation bu derived the optim\Dll o:i.· "ideal" IIB 

configuration solution. This derivation is given in Appendix A. As a result of 

this derivation the selection of the IIB ccmtiguration can be achieved by direct 

reasoning. 

The design procedure consisted of the following steps: 

• Derive the ideal cont'igurati ,n which yields the minimum 
altitude and sink rate error at a critical landing point, 
generally the flare point, or for the case of the heli­
copter, the landing point 

• Taking into account the practical constraints of the problem, 
perturb the ideal by the minimum amount neceaaary to aatisf'y 
these constraints and derive a reccmnended configuration 

• . DemC11strate that the degradation in accuracy using the 
recamnended configuration is negligib~ degraded tran that 
of the ideal 

5.2.1 ihe Ideal Solution 

Appendix A demonstrates that an ideal IIS configuration for the flight test pro­

gram is composed of three ground transmitters forming an equilateral triangle 

centered about the critical point (landing point) and a balloon-~ased transmitter 

directly above the critical pai.nt. This conclusion was based on the following 

assumptions: 

• Three transmitters are constrained to be on t he ground 

• The fourth transmitter can be in a balloon whose maxim\:lll alti­
tude is fixed (e.g., 5000 ft) 

• There are no balloon ephemeris errors 
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Subject to 

• The pseudo-range and pseudo-range-rate measurement errors 
are independent random variables with zero mean e.nd standard 
deviations of C'R andc;'R respectively 

• The navigation algorithm makes no attempt to utilize a-priori 
estimate of vehicle position and velocity 

• The algorithm does estimate pseudo-range bias and bias rate 
sufficiently well to make the system appear to be a pure range 
and range rate system. Computer simulation, to be discussed 
later, will verify that this assumption is indeed valid 

the assumpt ions +isted, the ideal solution yields t he minimum altitude 
! 

and sink rate error at the critical point; these values are: 

1: [ r~-1 '1,. 

{S"-s-) ~ 

E[ fi,,_] 
~ 

(s- - ,) - t::; 

or that the minimum altitude and sink rate errors are equal to the measurement 

errors. 

In Appendix A it is shown that the ideal procedure t o eliminate the effer~ of bal­

loon ephemeris errors is to have the MCS located at the landing pad, as shown 

in Figure 5-2. 

If the last assumption is valid, Appendix B shows that there is no effect at the 

critical point due to balloon ephemeris errors . 

5. 2 . 2 The Practical Solution 

The method of selection of a recommended ILS configuration is to attempt to approach, 

as closely as possible, the ideal solution. Taking i nto account t he following 

practical considerations: 

• It is highly desirable to maintain the ransmitter and MCS loca­
ions from Phase II . In t he confjguration from he Phase II 

flight test program, t he MCS will be 500 f t from he center of 
t he ground t riangle , as shown in Figure 5-3 
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Ideal Location 
for MCS at· 
Landing Pad 

Figure 5-2 Ideal ILS Location for Three Ground Transmitters, One Balloon Transmitter and MCS 
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Flight Path Ground Trace 
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• The base of the balloon will be located 1,000 tt from the 
center of the rWNay 

• In order to maintain antenna/tranllllitter line of sight with 
a single antenna located in the nose ot the helicopter, it 
is important to keep all transmitter■ nominally in front of 
the helicopter as it approachea. This dictates th&t t he 
landing pad not be located closer to the ?-£S than on a lin 
connecting transmitters land 3 aa ahown in Figure 5-3 

• The approach of the helicopter need not be along the center 
of the runway but it should be reaeone.bly close so that WSMR 
tracking equipment will be acceptable without reloca ions 

. 
• The fact that the test under discussion uses a single-channel 

mechanization requires that a-priori estimate of positi on 
and velocity be incorporated into the navi~ation algorithm. 
Nominal values aasociated with the teat locnle will be sed 
i.e. beat gueaa. 

A configuration ia now reccmnended (Figl.U"e 5-3) which requires no movement of 

transmitters or M:!S from the NC-13; ILS teat configuration. To satisfy the cntenna 

pointing problem the landing pad ia moved 500 rt from the M:S and the approaching 

gro'Wld trace makes a 30° angle w1 th the r\lll-.y. The glide slope can be defined by 

using the lens system, also used in the NC-135 tests. See s~ction 6.3 for details 

of the lens system. 

The results of a covariance analysis and simulations are yresented i n Figures 5-4 

through 17 to denxmstrate that the resultant configuration causes :1egllgible 

accuracy degradation from the ideal. The results were derived on the basis of an 

8 sta .. ,e Kalman filter which is described in Section 5.4. The landing profile is 

given in Figure 5-18. 

Computer runs are presented for receiver cycle times of 0.8 sec and 1.6 sec re­

spectively (.2 sec and .4 sec between measurements) for the recnn;.-nended configura­

t ion. Balloon altitude is 5000 rt and balloon ephemeris errors of 5 ft and 5 rt/ 
sec were assumed. Measurement errors of 5 ft and .5 rt/sec were also assumed. 
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Figures 5-4 and 5-5 1.re a plot of the reaiduala tor the ideal caae tor measurement 

updates of .2 sec. These residuals are the difference between the actual heli­

copter parameter (altitude or sink rate), ~ the correaponding navigation solution 

at each measurement time. It can be seen that the altitude and sink rate residuals 

fall within the measurement errors of 5 tt and • 5 tt/ aec as indicated by t};\e 

analytically derived result s, equation 5-5 and 5-6. It should be noted that no 

balloon epherris errors were assumed for the ideal run■• 

Figures 5---6 and 7 are plots of the results of covariance analysis baaed on the 

ideal configuration with balloon ephemeria error■, and again the one sigma values, 

after update, fall within the measurement errors. The excursion can be seen by 

comparing the results before and after a measurement update. 

The corresponding results for the reconmended configuration is plotted in Figures 

5-8 through 11. A comparison of these results with those of the ideal indicated 

no significa~t degradation. 

The analysis was repeated for cycle times of 1.6 seconds (.4 seconds between 

measurement), for the recomnended configuration. The results are plotted in 

Figures 5-12 through 15. Comparison of tbeae results with those of the recomnended 

configuration with .8 seconds cycle time imicates some degradation. However, the 

results are still reasonable for the II.S. 

Figures 5-16 aod 17 are the results of a repeat of the analysis for the recomnended 

configuration with .8 econd cycle time and the balloon lowered to 1000 ft. This 

1'-ill be required in order to perform an II.S teat, for comparison purpoi..ea, which 

avoids rotor modul&tioo of the balloon borne transmitter signal. Canpariaon of 

this data with Figure 5-8 and 5-10, vherf! the balloon ia at 5000 f't indicatel• that 

the errors have approximately doubled. However, the reaulta ■till are more than 
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adequate for a Category II landing aa defined by Intematianal Civil Aviation 

Organiu.tion ( ICAD) . 

The re1ulta tabulated in Table 5-1 were derived boom 1imulation of single JU••• 
and covariance analysis which used peaaimiatic value■ tar vehicle dynamic farcing 

noi■e. The concluaiona to be drawn from these result■ are that the .approach 1■ 

feasible in that the accuracy yield■ performance which 1■ not aignificantly de­

graded from the ideal. 

5.2.3 Discussion of the Analysis Results 

Since the Kalman Filter assumed pessimistic values foe driving function noise, 

the covariance analysis results tend to be pessimistic. By canparison to tbe ■cat­

ter plots of simulated residuals, it can be noted that the covariance seems closer 

to a worst case bound than standard deviation. This approach is necessary becauae 

of the non-Oaussian nature of vehicle dynamics. 

It also should be noted that covariance pl.ots are shown for the system both prior 

to and af'ter update. Also it will be observed that the curves are cyclie corres­

ponding to the single-channel nature of the system. Results are beat after update . 

from the balloon transmission and degrade progressively until the next balloon 

data is received. Tl.is result is expected since the plots are of altitude and 

altitude sink rate, both of which are awst solely dependent on the balloon up­

date. 

5.2.4 Calibration Link 

A definitive description of the calibration/monitor link is given in Reference 1. 

A short description is given here tor convenience. The monitor link will not 

change from the configuration set up tor the SAMSO NC-135 IIB Tests. Tb11 con-



figuration will be used throughout the Army te1t1. 

Each transmitter is free running and the calibration receiver (four che.nnels) 

located in the ?tt.,bile Calibration Stati1.m (M::S) records time and frequency ·or 

the transmission of tM- f our transmitters. It should be noted that the stability 
10 of the oscillators is five parts in 10 in 24 hours, so that the relative stabi-

lity bet ween the various oscillators is quite good. 

The data recorded by the ~Sis utilized to calculate the time bias between tre.na­

mitters to allow for. data reduction of the airborne receiver. This approach is 

adequate for a non-real time navigation system. Should real time capability be 

desired, these time biases would have to be transmitted to the helicopter. 

Table 5-1 Simulation Results 

Altitude Sink Rate 
Error Error 

Co·, Anal Max Cov Anal Max 
lcr Residual lcr Residual 

Reconnnend Config 6.o 8.o 4.o 1.5 
T = 0.8 sec 

T = 1.6 sec 7.5 5.0 5. 7 1.8 

Ideal Config 5.7 4.7 4.o 0.85 
T = 0.8 sec 
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5. 3 SEIECTION OF THE AREA NAVIGA'l'ION TRANSMITTER CONFIGURATION 

Four geometries were identified as potential candidates for the area navigation 
I 

tranamitter configuration for the army helicopter teat. Ot tbeae tour, the 

"elongated diamond" (Figure 3-2) 11 recommended a1 the configuration which beat 

satisfies the combined conditions of GI)9P simulation, power profile, line of 

sight, number of data points per paas and minimization of implementation costs, 

This configuration is the same a& the transmitter configuration for the IIS with 

the exception that the balloon transmitter (4) is relocated to a ground location. 

5.3.1 Configuration Tradeoff Analysis 

The logic of selection for the Area Navigation test for the army helicopter 

demonstration is philosophically identical to that of the basic phase II four-
' 
I channel receiver demonstration. The objective is to simulate as rt~'J,istical y 

as possible the GOOP' s, power levels, and operational characteristics of an oper­

ational 621B satellite system subject to the constraints imposed by the flight 

test equipnent. 

The GDOP's expected in an operational system are discussed quite elrj;ensivel.y in 

Reference (1). A summary of the significant GOOP's are shown here in Table 5-2. 

The power levels of the signal seen by a System 621B rec~iver i n an operational 

environment is aaaumed to be nominally -123 dbm. tmder fringe conditions -140 dbm 

may be of interest. In order to sim\.\late an operational environment, the l)Oftr 

levels should be constant for a given flight. Power level■ directly affect mea■ure­

ment accuracy and cycle time, and witt.in limits, power levels ahould be ccmatant 

during the flig.ht teat. It is therefore desirable to design a transmitter geanetry 

to simulate these conditiC111 for as. large a set of data point■ a■ poaaible, aubject 
-to the f'olloring CCl'lstraints. 



Table 5-2 Operational GOOP's 

Static Dynamic 
CEP ALT Tit-£ CEP ALT 

Eq'U4ltorial 2 6 6 2 1 
Rotating "y" 

CONUS 4-5 5-4 6 2 1 

Equatorial 1 3 2 * * 
Eggbeater 

CONUS 1 3 2 * * 

* Not known 
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• The helicopter ■ball not exceed an altitude ot 9000 tt above 
■e• level (5000 tt abo1e wme ground 1n-.1) 

• The helicopter's inability to maintain a 1traight tlight path 
trajectcry at low 1peed1 directly af:f'ect1 the time over a 
usable GOOP region per run. Thus a mini.mm indicated air1peed 
of 60 kts was &alUDled 

• • Acceptable line of sight from the four transmitters to the 
helicopter receiver shall be maintain~d throughout the pass 

• Each transmit ter must be monitored by the ll:S 

• It is desirable t o minimize t he movement or modification of 
existing equipment .' (The ILS test of Phase II will immediately 
precede Army single-channel receiver test.) 

The Symmetric ''y". Analogous to Phase II, the direct solution for the transmitter 

configuration for the helicopter application is a symmetric "y", scaled down from 
I 

the Phase II configuration. For a helicopter maximum &lt:1itude b f ,5000 ft AGL, 

the recommended symmetric "y" has legs of equal length of 3400 ft, and equal angles 
I 

of 120 degrees between the legs. 

With this config\lration, when the helicopter flies directly over the center t rans­

mitter, the angles to the trans Hters are identical to those seen by a user at the 
0 equator under a 30 inclination rot ating "y". It has been shown in Reference (1) 

that this geometry gives a precise simulation of the equatorial region and reason­

ably simulates CONUS for off center trajectories. This configuration has two sig­

nifi cant weaknesses. 

• All transmitter s would require relocation 

• The time over the prime GOOP region is too small (less than 1/2 
mile or 30 seconds) 

Alternate Configurations. Consist~nt with the goal of minimizing the nmber of 

t ransmitters moved, the . ite selection is based on the three ground transmitters 

remaining from t he Phase II ILS test. The fourth transmitter location, which is 

h~t of the balloon, was exhaustively varied along an axis 1f synnetry. 
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ure 5-19 shows that placement of on}¥ the: balloon transmitter can create the 

elongated "y" , smal l synmetric ''Y" and the elongated diamond configuration. 

The t hree circles represent the three fixed transmitters. They form an equi­

l at eral t riangle with sides of 3464 ft. The MCS (depicted by the block) is 1000 

ft from t he t opmost (as seen from the diagram) transmitter and on the symmetric 

axis . 

By moving the fourth transmitter location in the positive direction we create 

elongated "y" 's; by moving it in the negative dir ection we create elongated dia­

monds. By placing it in the center we create a small symmetric Y. GOOP contours 

were gen~rat ed at regular int ervals. These three configura~ions, along with the 

opt imum large symmetri c "y", are compared in the t ::-adeoff mat rix of Table 5-3. 

The result s indicat e t hat the elongated diamond is best overall. The GDOP's for 

t his configuration are 2-4, 7, 5 for static CEP, static altitude and time bias 

respect ively. These comparE f avorably with the operational GOOP's given in Table 

5-2. Further·, this configuration provides a good corridor with good length, where 

t he GOOP's are essentially constant. This configlll'ation is there fore recomnended. 

5.3.2 GD0P ContO\ll'S far the Reconmended Configuration 

The canputer print-outs giveu in Figures 5-20 through 5-26 sh01r GDOP contours for 

the elongated diamond. The GDOP ccmtours are represented by maps of hex.·\decimal 

numbers, 016 to A16, over a region 12,300 f't by 1,845 rt. F.ach hexadecimal number 

baa been 1rounded off from the actual GOOP value far the center of the subregion 

calcula.t e as follows: 
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Symmetric Axis Yields Three Candidate Configurations 
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Table 5-3 Comparison of Each Transmitter Configuration 

Small Larger Elongated Elongated 
Symnetric Symmetric "Y" Diamond 

"y" "y" 

Simulate Realistic GOOP's Good Good Fair Fair 

Length of Good GOOP Poor Poor Good Best Region (Ft) 3000 4500 9000 12,000 

Maintain Nearly Constant 
Power li!vels received by 
Helicopter from all 
Transmitters Poor Poor Good Best 

Line of Sight Maintained 
between Helicopter Receiver 
and Transmitters Yes Yes Yes Yes 

Adequate Line of Sight be-
tween I-CS and Transmitters Yes Yes Yes Yes 

Minimize Relocation of 
Transmitters Yes No Yes 

(Requires Limited by 
relocation hilly re-
of all gion for 
transmit- setting 
t ers) balloon 

transmit-
ter 
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CEP GDOP = CEP X,1 l 
a r 

Altitude GOOP 
az 

= 
a r 

Bias GDOP 
ab 

= 
a r 

Where a is the standard deviation of each of the range measurements. r 

The subregion for each number is an area 300 ft (in the directicm of the helicopter 

track) by 45 ft (in the direction perpendicular to the helicopter track). The GOOP 

maps represent a horizontal plane at the altitude indicated. The arrows point to 

the helicopter track which has a good GDOP length of 9000 ft. These contours also 

indicate that the helicopter f'light path~ vary up to.:!:. 200 ft tran naninal and 

still remain in a constant GDOP area. 

Figures 5-25 and 5-26 printouts show the static altitude GDOP for helicopter alti­

tudes of 3500 and 4500 f't, respective~. These contours are representative of the 

other 4 GDOP's and demonstrate that the helicopter can afford to vary tran the 

4000 rt nominal altitude without affecting the GDOP's in the + 200 ft corridor. 
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Power Variation Analysis 

uring an area navigation pass the power received f'rom each transmitter, P, is de­

pendent on the receivers, range, and line of sight angle, to that transmitter. 

where 

P:: J< t;r (..., ") c;::A ( ., ;J 

r' 
K = a constant proportional to the desired transmitter power 

GT= the transmitter antenna gain as a function of the l ine of 
sight angles •and , 

GR= the receiver antenna gain 

"1" = the distance between receiver and transmitter 

If the ILS hemispherical antennae are used for the area navigation ~est, when both 
the helicopter and transmitter antenna are identical. Therefore 

and the power becomes 

In decibels, 

G = G = G T R 

P db = 10 log
10 P = 10 log K + 20 log G - 20 log '7 

Figure 5-27 shows received power, P, in dbm for each of the four t ransmitters during 
the helicopter pass. The transmitter power is slightly larger for tra11smitters (1) 
and (4) to compensate for their larger transmit ing distance. 

Although the analysis of Section 9.1 indicates that the Option I receiver can main­
tain track on all four sequenced channels at signal levels greater than -135 dbm, 
the large variation of :_5 db may result in marginal operati on at the extremes of the 
flight paths. If this is the case, the NC-135, Phase II, area navigation antennas 
will be used in place of the IIB transmitter antenna only for the area navigation 
tests . 
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Figure 5-27 Power Level vs Helicopter Position 



hese antennas have been designed to canpensate for space loss and antem1a 

gain variation. The resulting power variation at the helicopter receiver should 
then be less than~ db. See Section 9.5 for antenna details . The Option II 
receiver will have the capability to operate at the signal levels of about -140 
dbm, so that the antenna will not need to be changed. 

5.3.4 Area Navigation Perfo:nno.nce Analysis 

The 8-state Kalman Filter described in Section 5.4 was used to evaluate area navi­
gation perfo:nnance. The recommended elongated diamond configuration was used with 
.8 second receiver cycle time and measurement errors of 5 ft and .5 ft/sec. The 
filter was modeled to anticipate a ~- 5 g maneuver at any time. Figure 5-28 
through 5-30 are the results prior to and after the imposition cf a 0. 5 g turn 
which occurred at time t = 0 and continued throug1out t he remaining time. Straight 
line constant velocity flight was imposed prior to the maneuver at t = o. 

Figures 5-28 and 5-29 are the residual plots and Figure 5-30 is the covariance re­
sult from Kalman filter. The results are for the Y axis, the axis which connects 
transmitters 1 and 4 in Figure 5-19 and undergoes the large acceleration . Since 
the filter has been modeled to a~ticipate a 0. 5 g maneuver, the covariance result, 
Figur~ 5-30, did not chang from a one sigma value of 3 ft after update and 
throughout the flight . The corresponding perfonnance indicated in the residual 
state of position and velocity, Figures 5-28 and 5-29 , demonstrates navigation 
perfo:nnance within l C ft and 5 ft/sec respectively after imposition of the accelera­
tion . These errors include both a bias and a random component. The detenninistic 
canponent, (peak= 3.2 ft/sec ) is caused by the helicopter acceleration and is the 
result of using a constant value of veloci ty between measurement intervals in the 
navigation solut ion. 
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TA PROCESSIMJ 

he data processing procedure for the single channel demonstration will utilize 

he system software developed for the four channel receiver tests. The details 

and the software are discussed in Reference 1. Only minor modifications will be 

necessary for the proposed application. The only significant change will be the 

employment of a navigation solution which processes the single-channel data se­

quential.ly. The single channel navigatioo al8oritbm was demonstrated (Figures 5-4 

thru 5-17) However, further an~sis is required to optimize the filtA!r gains. 

This will be addressed during Phase II. 

5.4.l Navigation Algorithm 

The navigation :.4:orithm used in the preliminary analysis will now be described. 

No attempt h,.s been made to optimize the computation with regard to either navi­

gation accuracy or computational efficiency, but the algorithm does demonstrate 

the feasibility of both area navigation and ILS navigation. 

5.4.2 Filter Description 

At a given sample time, tn, it is assumed that the navigation filter receives the 

following data: 

where 

i designates the t~ansmitter whose signal is being received 
(i = 1, 2, 3, or 4) 

Ri is the pseudo range measurement 
• 
Riis the pseudo doppler measurement 

The measurements are incorporated into an 8-state Kalman Filter whose equations are 

summarized below: 
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- ,,.. """ 
c::. = ¢"' 5"" + Um 
"ffl + I - ,.. ~ 

2:.rn = f"' (s,n) ~ Vm 
-

H -= ?Jfm 

~Sm 

Cy~ ~ E [um u,,t] 
R"' ~ £ [vfn ~mT] 

I'm ~ f_ [~ - Sm )tt- 5
111 
)'] 

p;-:. Q)ff\ pm ¢mT -t- Q m 

~rn -:. ~: - \("" Hrn ?! 
11 ~ ~• H T ( }4 P + H T t Q ) 

- I 

·~ m m m m ,.,, ''ft\ 

5m -=- ¢,.,. ~m-1 +- J<,r, ( ~?l - f ( ¢ ti.,)) 
The states, is defined by 

- Y1 
s = 

Y2 Position 

y3 

B Bias 

Vl 

v2 _ Velocity 

V3 

i. - Bias Rate 

The transition matrix is: 
I 

I'i_ l 
I 

0 I 

I 
A\ : -tr-t'l - trn _ \ 
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The measureJll!!l.t matrix, which has dimensions 2 x 8 is: 

H: l~' 1 o o_oTol 
~ T o ll. I 

-
where, - (Y-x~)/~~ 0~ - V"'_i = RIIAIG-E" -

~ :. t ~ - ;-.. "6,i)/r_;, J.,, 

The¢ matrix was chosen ad-hoc. It is not necessarily the best choice of gains 

but has been demonstrated by simulation to provide reasonable results, both for 

straight line flight and for worst case helicopter maneuvers: 

Using a 0.5g ~ 16 rt/sec 2 = 

~i = (½a At2 }2 i = 1, 2, 3 

~i = <a 11.Tl i = 5, 6, 7 
2 f;;.T3 

~i + 4 = a 
i 1, 2, 3 2 = 

~i - Co: i = 4 

~i "-z... i = 8 

'-All other Q terms are zero 

5.4.3 Initialization of the Software 

The navigation solution employed in the preliminary analysis used a static solu­

tion to initialize the filter. A complete discussion of the static navigation 

solution is found in Reference 1. 

A stat~c solution required four pseudo ranges and four pseudo range rates, processed 

simultaneously. For the single channel receiver, the static solution was perfol'Il'Ed 

at the fourth time sample using the following approximation: 
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Ri (t4) = Ri (ti) + iti (ti) (t4•ti) 

Ri(t4) = Ri(ti) 



tYSIS OF ROTOR K)WLA.TION EFFECTS 
effect of propeller modulation on a normally incident plane wavefront bas been 

ea 1.mated. The field behind the blade bas been found t.o be a complex function of 
t ime which is both amplitude and pbane modulated. Both the amplitude and phase 
modulation components has been expanded in a Fourier series which shows the 
presence of high harmonics of the blade frequency. The fundamental frequency of 
t he Fourier series expansion is a function of the rotor speed, with a minimum value 
of 9. 8 Hz and a maximum of 10.8 Hz. The amplitude variation over the period of 
blade rotation is small, and is not expected to cause significant amplitude modula­
t ion on the incoming signal. In addition it is expected that the frequency compon­
ents will fall outJide the tracking loop bandwidth. 

The phase modulation component of the field, however, may be significant, and its 
effect on the performance of the tracking loops both during acquisition and track­
ing will be examined in detail during Phase II. 

5.5.1 Analytical Derivation 

The analysis is based upon the premise that the techniques of "Fourier optics" 
are applicable to the solution of the inhomogeneous wave equation with specified 
boundaries. That is to say, that the opaque blades can be thought of as an op­
t ical aperture and Babinet's principle may be applied for finding the field using 
t he idea of canplementary screen. The rotation of the blade (aperture) in the spatial 
domain is handled as a one-to-one rotation of coordinate axis in the transform do­
main . Having found the field behind the blade at a point in free space we can 
t heoret ically remove the blade and assume that the field existed there by some 
me ans. Since the receiving antenna pat ~ ~n is known with respect to the ground 
plane (helicopter structure) the total field will be merely weighed by the antenna 
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pa ern. The weighting of the field by the antenna pattern and the associated 

polarization effects will be examined in detail during Phase II. The discussion 

at }4"esent Yill be lim1ted to finding the incaning field behind the blades. 

The geometry of the problem under e:onsideration is given in Figure 3-3 showing 

the two candidate receiving antenna locations. The equivalent geanetry used· in 

the mathematical formulation is shown in Figure 5-31. 

The assumptions upon which the analysis is based are listed below: 

• The incident field is generated by a harmonic source 

• The incoming field is a uniform plane wave normall.yif" incident 
to the blades 

• The Kirchoff's approximation is valid for the solution of the 
inhomogeneous wave equation. (The problem of finding the dif­
fracted field becanes a solution of an integral rather than a 
hopelessly complicated boundary value problem) 

• Th~ physical dimensions of the blade, the wavelength of the 
source and the distance from the receiving antenna to the blade 
satisfy the criteria for Fresnel diffraction (near zone) 

• The near zone diffracted field behind the opaque blade can 
be found from Babinet's principle 

It is shown in Ref. 6 that the field behind an aperture 1n the Fresnel di:ttraction 

region for three-dimensional signals may b~ expressed as the two-dimensional Fourier 

transform of: j ~ (x l..+ ~ i. )/ 2 ~ 
~ ( )( 1 ~) ~ f (X I ~ ) e_ o 

evaluated at A :. R Xo 
) 

f(x,y) is the two dime~fonal aperture 

k j o., 

~~tion, 

(1) 

where 

the exponential term is the 

"Fresnel kernel", u and v are the transform variables, k is the wavenumber, 

Note: The case of oblique incidence can be derived as an equivalent condition 
of normal incidence with the proper change of variables 
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and~ are the coordinates ot a point in apace where the :field is to be 0 0 

e aluat ed. 

The t wo~imenaional Fourier transform ot the function g(x,y) is de:tined as (Ref. 6): 

Gll4..1V)"' sS j<11,~)e..-.)(u.;< ~~didJ 
-• 

(2) ' 

In this case, since the aperture is opaque and occupies a finite region in space, 

the field cannot be found directly using the above formulation. But we know that 

if the opaque aperture was not pre=sent the total field would be equal to the inci-• 
l. dent field, ~ . Applying Babinet 1 1 principle (Ref'. 7), the total field ma_,v- be ex-

pressed as: 

i 
g = g - gc (3) 

where g is the diffracted field obtained from Equation (2) by integrating over C 

t he bounded region of the aperture. 

Therefore, iri the above formulation, in reference to Figure 5-31, the field at a 

point ,()(0 ~o c ) in free space behind the aperture nay be expressed as: 
, , 0 • • r • f Q.J. '- - j < (t,.)( + v y) ] 

Cl ( Xo ~o r.~: Ae..)~~o ~wt l. 1 + ...L 9 (x, ~)e d xd(J u , > , /\. 'l:o -o.. -1, ( 4) J 

Where in the region of integration, f(x,y) = 1. 
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y 

-
Illumination 

.. .. 

,----[2a] 

-- p2 ---, X 

I 

Legend: 
P1 (o, 4.5, 6.o) Ft 

P2(o , 19.0, 6.0) Ft 

2a 'ii 21 In. 
2b • 48 Ft 

Figure 5-31 Rotor Modulation Geomet ric Representation 



is the complex Fresnel integral function 

(6) 
The primed variables, u' and v' are referred to the rotated coordinate syste■, am 
are given b:.lt. I = ,),l SI h /}' t- V C.OS c} 

V, -:. JL CJ,-,Q, & - \I s,,v 0 

(7) 
where 

Expanding F(x) into its real and imaginary parts, where 
t= C.x) -=- C!. l X J 2 +- j s ( ~ Jf=) 

(8) 
c (c.) -=-o-f· Co5J1l:If ~ ) S (c) ~ f ~w 1l f· d.:3 

and making suitable su, qtitutions to accommc.'ldate the definition of Ret. 8 for Fresnel integral, Equation (5) may be expressed in a form suitable for computer computa­
tion, where in terms of the definition ot the stored Fresnel integrals in Ref. 8 
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. . 

making t he necessary substitutions in Equation (5), the field is expressed as: 

/3 = [s1 + s!) Cz. t[ c 11--c~J~-z.:'"' [c1 tc3Js..,t[s 1ts3)~ 

c., -:.t[(,o.-~y-J 

<>2-"c&b-~Y] (10) 

and <'-:, " C: [L \"- t ~) "I] 

C 4 =- c. ~ \ \i + ~ )1-J 

The magnitude of g{t0 ,'/o, Co\ l ) is obtained by multiplying Equation (10) by 

its complex ~onjugate and taking the square root of the resulting expression 

The phase of g(Y.,0 )~ 01 co, t. ) is given by: _ 

/4( l)- i - I ISttJ (b, ~.,-w-t) +'[~ ~ lbc-o- Wt -w)-~~s~(B~tut-LQ) 
"r - ~ Cos u-~-~-wt) -~ f3 ~ ( R "c.o-t.vT-LL>)-'6o<. S/,V (~eo-~ ~tuJ 

(12) 

which may be expressed in a slightly modified form as: 
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re: 
)( = \ + ~ oc...s '" W -1 l3 c.o s w 
~ - ~ o( cos U) + "( ~ s .~ \>J 

Having obtained the magnitude and phase of the resultant field, we may represent 

it as: d ll) = I <a-I cos [9'>lt)_J 
P{xo) ~o, Co) (14) 

The above expression shall be used in later sections to model the effect of chang­

i ng field on the receiver performance. 

The magnitude of the field has been computed as & function of blade rotation 
I ut ilizing the IBM 67 Time-Sharing canpu~~r for ').. =- 0, b J A = 1, for the two 

antenna locations P1 and P2 in Figure 5-31. The result for P1 is plotted in 

Figure 5-32. 

The magnitude of the field is periodic in (O, 'it) with even symmetry and a relative­

ly small ripple (approximately 1. 5 dB). The wave shape is very canplex as seen 

from Figure 5-32 and expected to contain high harmonics '>f the blade frequency. 

A Fourier analysis of both the magnitude and phase of the field on the IBM 67 

Time Sharing computer, utilizing the FORIF Scientific Subroutine package indicates 

a high harmonic content with significant terms up to the 10th harmonic of blade 

frequency. 

Bot h the magnitude and t he phase of the field has been expanded in a Fourier series 

cit t he form: 
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I g I 

1.4 

1..2 

co 
+> 

1.0 r-1 
0 
> 

o.8 

0.6 

Figure 5-32 Magnitude of Field at P
1 

= (o, 4'.5, 6.o) Ft vs 
Blade Rotation Angle - an Approximate Sketch 
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with 
or 

wb -:. blade f'requency (radiana/aec) 

wb ~ 1. Wn..on>t. -= 2 N ¾a > N = '3 2" tw/~ > ><o ~ O '1 'jo = 'f,.5
1 

~ 0 ~ 1 q. o I QM.cl e o ~ ~. o , 

he amplitude of the resultant harmonics are canputed in the order listed below 

and t heir magnitude is listed in Figure 5-33. 

I 

' I 
b-o 
(,.'L 
I 
I 

While the harmonic content of the signal is high, the amplitude variations is 

small, therefore the effects on loop performance are oot expected to be significant. 

The phase modulation component, Equation (12) bas also been evaluated on the IBM 

67 Computer as a function of blade rotation. The phase variation has been found 

to be i n the range from approximately 0.2 to 0.6 radians. 

The f act that the relative harmonic content of the phase and amplitude are compar­

able indicate that the field is a "narrow band" FM like signal. The effects of this 

signal on the loops performance will be examined in d t ail during the course of the 

study. The fourier series expansion of (</it)) in the interval (o,1/") has been 

examined and shows the same significant harmonics present as the amplitude modula­

tion components with slightly different weights. 
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Fourier Components of Amplitude of Field 
Antenna I~cation: P1 • (o, 4;5, 6.o) Ft 

0.1002E 01 
0,3039E-02 
O ,'2233E-02 

-0.8962E-02 
0;5691E-02 
o.8486E-02 

-o.4691E-03 
-o. 7~-33E-03 
-0.8700E-03 
-o.4840E-02 
-0.6243E-~ 

o.6466E-ce 
0.242.E-ce 
o.1682E-02 
0,6193E-02 
o.642'7E-02 
0.0 

-0,5293E-03 
-0.9<l?7E-ce 
0.4626E-02 

-0.4846E-ce 
-0,9154E-02 

Fourier Components of Phase of Field 
Antenna Location: 

P
1 

= (0, 4;5, 6.0) Ft p2 = (0, 19.0, 6.0} Ft 

-0.4133E 00 
-0.3239E-02 
-0,3906E-02 
-0.1774E-Ol 
-0.2862E-02 
-0.6529E-02 
-0,1033E-02 
0.8454E-03 
0,2335E-02 
0. 2233E-02 
0,5478E-02 

-0. 5938E-02 
-0. 3489E-02 
-0.4975E-02 
-0.7365E-03 
-0.4327E-02 
o.o 
0.2236E-03 
0,1464E-02 
0,9837E-02 
0.3692E-02 
0.8453E-02 

0.1108E-01 
0.3099E-02 
0;5716E-03 
0.1889E-Ol 

-0.1522E-02 
-0.2223E-02 

o.4569E-02 
0.1697E-02 
0.4413E-02 
0,9930E-04 
0,2950E-03 

0,2789E-02 
0.1475E-02 
0,3417E-02 

-0.9511E-02 
-0.1805E-02 
o.o 
0,2794E-02 
0,2719E-02 

-0.1587E-Ol 
0. 3844E-03 . 
0,1330E-02 

Figure 5- 33 Fiel d Ampl i tude and Phase Harmonic s 
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.. 2 Canpariaon of Two Antenna Locations 

difference in the received field at the two antenna locations, P1 (O, 4.5 . 

. O); P2 (o, 19, 6.0) are compared. 

Both the amplitude and phase of the field of P
2 

exhibit larger variations as a 

function of blade rotation than the field of P1
. This may be anticipated since 

P 
2 

is located near the U}l'J)er edge ( outer edge of rator) of the aperture where the 

di:f'fre.cted field should bav~ larger variation u a function of apertnre position. 

Tbe variation of the amplit ude of the field at P2 
is 1.7 dB while at P1 the 

variation is 1.5 dB. 

The phase variation is also more pronounced at P2 than at P1. The quantitative 

effect of phase variation will be evaluated during Phase II. 

5.5.3 Doppler Effects 

The rotation of the helicopter rator is going to introduce a doppler shift 

on the incoming signal. 

The doppler shift is proportional to: 

f ~ ~ % f cA~l~tl. 

where vis the relative velocity between a moving point and the reference point 

c is the speed of light, ar.d fcarrier is the carrier center frequency. 

The maximum relative velocity v.,,.,._,nay be esimated as 

where r = radius of the blade (24 ) . 

5-62 

83 



For a maximum ~otor speed of 324 rev/min, 

\J 'M-" .!:;:, I to 3 o FPS 
The maximum dOJipler shift at a carrier center frequency of 1.575 GHz is: 

Nate, however, that since the doppler is proportional to the relative velo-

city of the blade with respect to the antenna, the magnitude of the doppler 

will be a t\mction of the antenna location and the angle of incidence. The 

magnitude of the doppler shirt will vary linearly between Oto 2.5 KHz, depend­

ing on the poeitian of the antenna relative to the ma■t and end of the rotor. 

The effects will be investigated during Phase II. 
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5.6 MULTIPATH EFFECTS 

The multipath errors engendered in range and range rate in the area navigation 

and ILS conf'1guration1 have been modeled in earlier 110l'k tor a coherent detector, 

~eference l. The mathematical models developed in Reference l are directly appli­

cable to all helicopter flight prof'ilea and tie-down teats tor a coherent receiver 

( Option I, see Section 8 ). An extension of the previoua analyaia that includes 

the averaging effect of the carrier tracking loop on the range rate ~rror due to 

multipath is presented herein. Further refinements in modeling ground roughness 

and effective ground reflection coefficient shall 't-~ carried out during Phase II 

for both a coherent and a non-coherent (Option II) receiver. 

5.6.1 Analytical Representation 

An annotated sumnary of equations for the range ~1d range rate errors as the result 

of specular multipath for the 621B receiver mech9.niu.tion are presented below: 

gate discriminator is expressed as: 

J ~ ~•(1-1-~) 
ro ( 1+K,) ~ .I 4! JS-• 

J ~ 1ro 
(1 ) 

where 

(1) The range error output of the ee,rly-late 

,t (;-:h) , 
· Af- : /1~1-J) ~L 

(' 4'-afa 
0 ) , 

R, = t. Cd ( 11--' - cy 
is the magnitude of the voltage reflection coefficient, A is the wavelength (rt), 

d is the differential delay (ft) and c is the phase angle of the voltage reflection 

coefficient (rad). 

Note that, the above equation does not include the effect of bandlimiting on the 

signal prior to the early-late gate discri minator. The effect of bandlimiting 

is to extend the range of differential delay over which the multipath range error 

takes on significant values. The effect of bandlimiting on the multipath range 

error will be anazyzed during the study. 
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{ Mul ipath Velocity Error 

rate of change of phase between the direct and interfering signals may be 

shown t o be 
• 

(2) 

where, 
AW• 

is the differential doppler or fade frequency, rM is the multipath signal path 

length and 1J is the direct s:l.gnal path length. It may be shown [~ that Equa­

tion (2 ) can be expanded in a Fourier aeries of the form: 

o(. ::: AW i {-i)'f'\•• f"' C es L._,. ( ~,.,,t •e.)] 
(3) 

• In terms of the carrier tracking loop parameter3, the velocity error caused by -. 

where#~ is the one-sided loop noise bandwidth of the carrier tracking loop. 

Note that the above expression shows the effects of bandlimiting on tpe velocity 

error, Le., - if 1'At&J>&•& there is no error in velocity due to multipath. 

5.6.2 Helicopter Self-Induced Multipath 

There are two causes of self-ir.duced multipath. One is fran the basic structure 

and the other is from the rotor. The helicopter self-induced multipath will be 

a function of antenna locations. In order to aaaeaa the magnitude of the range 

error induced by the helicopter structure, scaled model or actual antenna pattern 

measurements are necessary to determine the voltage reflection coefficient. If 
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w aaaume that the refiectiona tram the helicopter structure■ are lea■ than 50 rt, 

the marlm\lD RMS range error for email R ~ be approxi•ted aa: 

Af. ~ §e f-t, 0 ~ .J , ro 

During low grazing angles (with respect to the ground tran~tters), which occurr 

during t he IIS, the rotor may refiect some of the incident energy back to the 

. antenna located at the nose. This will create a periodic multipath-like signal 

that can cause both range and range-rate errors. The range rate error will be a 

function of the helicopter ground track velocity, the speed of the rotor and the 

grazing angle. Due to the geometrical relationship between the tip of the rotor 

and the relative position of the antenna, the grazing angle will exceed the 

Brewster angle creating a reversal of the polarization of the reflected wave. The 

antenna will therefore reject the reflected wave by lmore than 20 db, thereby 

significantly reducing the error tram this source. The values shall be determined 

during Phase II. 

5.6.3 Polarization Effects 

A discussion of the polarization effects on the multipath errors engendered in 

t he 621B system were give~ in Reference 1. 

For the Area Navigation the helicopter 621B antenna is on the bottom centerline 

up forward (see Figure 3-3). In the IIS test, the helicopter 621B antenna is in 

the forward position (see Figure 3-3). From antenna pattern measurement (bee 

Reference 1 ) the antennas will provide the following rejection during the test (for 

opposit e polarization): 

87 



1 Area Nav - '> 30 dB (ground re fiected signal, high grazing angle) 

2) I~ -> 20 dB (Balloon reflected signal, high grazing a~le) 

0 dB ( Ground re fleeted signal, low grazing angle ) 

5.6.4 Tie Down Test and Monitor Link 

The multipath errors engendered during the tie down test are comparable in 

magnit ude to that of the monitor links (Reference 1). 

The details shall be examined during Phase II. 

Typical Results 

Table 5-4 indicates the typical error values which can be expected. They are not 

expected to degrade performance. 
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Table 5-4 Typical Expected Multipath Errors 

• (3) Grazing Type of JA1tl l•tl Diff. Delay Angle Multipath 

Area Na.v (1) ~0.5 '0.05 12.8' 39.8° Diffuse 

II..S 
Ground (2) )' l ~ 0.05 0.5• 1.7° Specular 

Balloon (1) 1 ~ 0.05 83 I 56. Diffuse 

Tie Down (2) (0.5 0 0.05' 0.2° Specular 

Self Induced TBD TBD TBD TBD Diffuse & 
Specular 

Note: (1) Includes antenna polarization rejection of LHCP wave 

(2) No antenna polarization rejection 

(3) Helicopter ground track velocity 100 fps 

TBD To Be Determined 

5-68 

89 



• 7 RECEIVED POWER COMPUTATIONS FOR TIE-OOWN TESTS 

The 621B transmitter power output ia apecitied in Reference 1 and auamarized below 

for convenience: 

Primary Antenna., P dbm 

Monitor Antenna, Pdbm 

ton, Code 

+ 20 to •35 

- 6 Minimum 

Short Code 

y 37 to+ 27 

+ 4 Minimum 

The tie~own test geometry and relative distances between transmitters anti heli­

copter are shown in Figure 3-1. The ground baaed transmitting antenna gains and 

antenna pattern are shown in Reference 1. A summary of the extremes of received 

power levels t'ran the ground baaed transmitter■ without rotor modulation effects 

is given in Table 5-5. The tranamiaaion 1011 ahown in the table includes the 

ground proximity effects as well as apace 1011. 

The results indicate that with proper setting of the transmitter power levels, the 

received power is well within the range for good receiver performance, as well as 

falling within the assumed naninal range of operational performance of -123 dbm. 

Table 5-5 Received Power Levels 

Transmitter Power: 

Cable Losses: 

Polarization Loss: 

Transmitting Ant. Gain 

Transmission Loss* 

Receiving Ant. Gain 

Cable Loss 

Received Power (Long Code) 

Note: * Assumes longest link 

Max 
+ 20 dbm 

- 2 dbm 

- 3 dbm 

- 8 dbm 

-123 dbm 

- 15 dbm 

-2 dbm 

-123 dbm 
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Min 
- 35 aom 

- 2 dbm 

- 3 dbm 

- 8 dbm 

-123 dbm 

- 15 dbm 

-2 dbm 

-178 dbm 



HELICOPTER PERR>RMAN~ 

A maj or conaideration in th, design ot the fiight tests 11 the performance capa­

bill ties ot the helicopter at the Northrup strip at ·ware. Northrup strip ground 

level is 4000 rt above sea level. It 11 anticipated that the nights will take 

place during the sunmer, when the maximum temperature is 38°c at ground level, 

Flight duration of one and one-half' hours are anticipated at a nominal altitude 

of 4000 :rt AGL where the maximum temperature is approximately 24°c (Reference 10). 

Figure 5-34 indicates a maximum continuous shaft horsepower of' 840 available for 

the nominal test altitude of 8ooo rt ASL at 22°c. From Figure 5-35, for a shaft 

horsepower of 840 at test altitude of 8000 rt ASL, the fuel consumption ig 540 

lb/hr. A fuel load of 1040 lb (160 gallons) has been selected for the test. 

Therefore, if the helicopter were being flown at maximum shaft horsepower (840), 

w~ich will not be the case, then after 1,5 hours approximately 200 lb of fuel 

would remain, a more than adequate margin. Flights lasting 1, 5 hours are antici­

pated . 

5.8.1 Helicopter Weight and Balance 

Helicopter flight performance is a direct function of the weight and CG location 

which results due to the loading of the helicopter. This section therefore ad­

dresses helicopter loading to insure adequate flight performance. 

Basically, for option I or II, (see Section 8), the equipment loading of the heli­

copter will consist of three racks with equipnent, cables, etc., and an inverter. 

See Section 9.4 for details. Table 5-6 indicates weights of added equipment. 

Table 5-7 is a helicopter loading analysis for the UH-lH helicopter, reflecting 

ta and curves for this section taken from Refs. 3 and 4. 
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Figure 5-34 Maximum Continuous Shaft Horsepower Available 
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Cabinet I 

621B Receiver 

Power Supply 

Multiplexer 

Multiplexer Test Panel 

Cabinet 

Blower 

Isol~tion ?tt'>-.mts 

Stabilizer Bars 

Cables 

Cabinet III 

Time Code Readout 

IU Panel (Recorder) 

Tape Recorder 

Memory 

Cabinet 

Blower 

Isolation ?-bunts 

Stabilizer Bars 

Cables 

Table 5-6 Added Weight■ 

Cabinet II 

85 lba Analog Signal Conditioner 14 lbs 

85 A/D Converter 17 lbs 

40 Power Panel 8 

5 IU Power Panel 30 

75 Power Supply Assembly 6o 

3 Cabinet 75 
12 Blower 3 

8 Isolation Mounts 12 · 

17 Stabilizer Ba.rs 8 

Cables (teeder trom circuit 
cabin) 25 

330 lbs 252 lbs 

Inverter Asay 

10 lbs Inverter 65 lbs 

38 Contacter 2.5 

50 Controller 2. 

29 Circuit Breaker Panel 4. 

75 Chassis 8. 

3 Associated Cables 7. 

12 ~lbs 

8 Control Panel 
· 5 

230 lbs Hazeltine Receiver 
Control Panel 5. lbs 

Instrumentation Control 
Panel 5. 

Antennas 4. -
14 lbs 

Total Added Weight - 914.5 lbs 
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Table 5-7 Helicopter loading (5) 

Item Weight (lb) Arm (inches) Moment/100 ,, 

Basic Helicopter 5330 143.2 7630 
Pilot ~ 

200 46.7 93 
Oil-Engine 24 173.0 42 
System 621B Equipnent 

-Rack #1 330 113 373 
-Rack #2 252 149 376 
-Rack #3 230 149 343 
-Wire (l 127 130 165 
-Inverter ) 30 200 6o 

Minimum wading Gross We~t 6523 MW 9082 
Add: Fuel {16o gal)(2) 1040 1 5.1 1509 

Passenger 200 46.7 93 

Take Off Gross Weight( 3) (4 ) 7763 137.6 lo684 
Reduce: Fuel to 85 gals -lo40 145.1 -1509 

553 127.1 703 

Most forward-flight Condition 7276 135.8 9878 
Reduce: Fuel to 30 gals -553 127.1 -703 

195 144.o 281 

Normal Landing Grocs Weight 691.8 136.7 9456 

Notes: 

1. 2500 VA inverter is to be installed in place of the HF' set AN/ARC-
102 which will not be utilized for these tests. The weight entered 
in the table is therefore the estimated weight difference between 
the inverter and HF set. 

~. Weight density of a gallon of fuel = 6. 5 lb/gal 
3. ?-k:>st aft condition 

4. Most forward condition. See Figure 5-38 for fuel C.G. travel 
5. Data and iigures derived from reference 3 and 4. 
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equipment listed in Table 5-6. It can be ■een that the CG location computed in 

Table 5-7 tor all night condition■ tall■ well within the recommended limits 

given in Figure 5-36. Reterence to Fieure 5-36 indicate■ that f or the worst case 

weight, computed in Table 5-7, the recommended maximum air peed limit tor the 

test nominal alt itude (above sea level) ot 8000 ft, 11 110 kt, w ich is well 

beyond the nominal 80 kt projected tor the area navigation teat. Figure 5-37 

indicates that, under all weight conditions, the nominal f l ight ceiling ot 8ooo tt 

ASL is well wit hin the service limits. 

The real-time comput er adclitions, as proposed in Opt i on III are estimated to weigh 

less than 25 lbs, and wi ll therefore not significantly alter helicopter performs.ree 

from the nominal computed previously. 

• 
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. 
UH-lH 1'53-L-13 
Military Power 324 Rotor RPM 
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Figure 5-37 Maximum Service Ceiling 

5-77 

98 



UH-ID and UH-IH 

I 
I 
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Figure 5-38 Fuel Loading - Regular (UH-ID and UH-IH) 
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6. TEST PLAN 

Virtually all equipnent to be uaed tar thia pracram will be iq,aic~ located at 

WH at the canpletion of the ~-135 teata. It ia theretore mare cost etfective 

to perform the equipmnt modification and testing in the field utilizing the 

actual transmitter configuration and test set-up which exists. Therefore, all 

integration tests will be performed in the field at the canpletiai of modification 

of the equipnent. The exception to this procedure is the reeeiver, which will undergo 

preliminary testing a Hazeltine, the nature of which will depend en which Option 

is ■elected (Section 8). These factor.r receiver tests are addressed in Section 9.1. 

This section addresses all the field tests. 

6.1 ELECTRCMAGNETIC COO>ATIBILITY (El-£) PROORAM 

The~ program for the helicopter consists of analysis and tests directed to take 

into account the unique aspects of the helicopter, and to validate that system 

electromagnetic compe.tibility has been achieved to the extent required for the 

evaluatioo tests. 

The program can be divided into three main areas: 

• An antenna system analysis 

• An EMI survey of the helicopter at 1575 Miz 

• System electromagnetic compatibility tests 

The purpose of the antenna system analysis to determine the helicopter transmitter 

fundamental signal levels that will be present at the 621.B receiver antenna input. 

These levels will be compared with the design requirements/test data for the four 

channel receiver designed far the SAMSO System 62.lB uaer equip111ent evaluation pro­

gram. If it appears that the helicopter transmitter RF environment poses compati­

bility problems, the receiver will be tested and appropriate corrective action will 
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be mdertaken. Thus, this helicopter-unique aspect of DC will be resolved. 

'l'he moat significant remaining area 11 the RF envircanent ot the helicopter at 

1575 Mlz. Thia enviroomnt 4.s produced by helicopter electrical/ electronic 

t'unctions and RF transmitters. A survey will be performed by measuring the inter­

fer"!nce at 1575 MHz at each of the four location■ tor the System 621B antenna while 

exercising the helicopter in a manner repreaentative of the evaluation program. 

The measured levels will be canpared to the levels that will affect the evaluation 

program. Problem area will be resolved by appropriate corrective measures. 

The remaining veas of l!)fC are covered by the basic equipnent EMI design require­

ments, and, good installation practices with respect to cable routing and 

shielding. 

System ccmpa.tibility will be validated by a aeries of system tests in the heli­

copter. This series includes both ground and flight tests that are designed to 

be cost effective. 

6.1.1 Ground Tests 

The helicopter, with the 621B system installed, will be exercised in a manner 

representr.tive of the evaluation program while monitoring critical points in the 

system '!.'or interactions. Initially the tests will be performed an ground power. 

·he engine power tests will permit exercising of helicopter t'lmctions that could 

not be evaluated an ground power. The other selections will be tests that pro­

duced interaction an ground power, pl us, arbitrarily selected tests to validate 

the ground power test results. 



6.1.2 Flight Testa 

The system will be exercised ,•;bile mc.11itoring critical points tor interactions to 

evaluate f'unctic:11s that could not be wcerciaed 011 the ground, and, ·to validate 

·the ground test results. The ground test results are validated by checking for 

interacti ons observed on ground power, and, arbitrarily selecting functions thc.t 

did not pro(.uce interactioos on the gro1Jnd. EMC problems will be identified by 

Grumman and solutions within Grumman cc:11trol that are esoentia.l to the program 

objectives will be enacted. 
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. 2 INTEGRATI<n TESTS 

A series or integration tests will be performed 1n the field. These tests are 

intended to certify the integrity and performance of the individual canpooents 

and interface as well as insuring that the tntegrated system will perform as 

specified. 

The following tests will be performed; 

• 
• 
• 
• 
• 

Bench Test (individual mits) 

Systems Integratioo Teat 

Installation Acceptance Test 

Preflight Acceptance Teat 

Preflight and Postf'llght Test 

6.2.1 Bench Test 

A bench test will be performed oo each unit comprising the Grumman helicopter 

installation. In general, the bench test procedure Yill consist of: 

• Inspection to determine if unit has been damaged due to handling 
and transportatioo. 

• Electrical test to determine if the unit is operating pr~r...erly. 

This bench test will be performed on units prior to System Integratioo testing and 

should show that units meet all design goals. 

6.2.2 Systems Integratioo Test 

The Systems Integration Test (SIT) is intended to demooatrate the integrity of the 

entire 62113 System, both ground and airborne units, prior to the actual installation 

in the helicopter. The test configuration is shown tn Figure 6-1 and will be 

i ntegrated in the ~Son site. 
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Figure 6-1 System Integration Test Configuration 
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:&uical.ly the t ,.. ,t will .~onsist ot tranl'lllitting RF signals to both the Helicopter 

and the ~s receivers which in tum teed their respective recorders. The recorded 

information will then be decoded. 

The tests will be performed at: 

• Expected signal levels 

• Minimum Acceptable signal levels 

• Signal levels at expected signal levels reduced to below minimum 
acceptable signal levels and then quick~ bro~t back to expected 
signal levels (testing reacquisition). 

6.2.3 Installation Acceptance Test 

The inst allation acceptance test (IAT) is a ooe-time test performed at the helicopter 

site by Grumman to dema11trate system integrity. The IAT will coofirm the mechanical 

and electrical interface and will consist of the following: electrical m.ring test 

for shorts, opens, and voltages, workmanship test, mechanical fit test, electrical 

connection test, and a 30-minute hot check using ground power and engine power. 

The United States Army and, if desired, the U.S. Air Force will designate and provide 

an inspector to witness the (IAT). Approval will be through 'the U.S. Air Force. 

6.2.4 Preflight Acceptance Teat 

Preflight Acceptance Test (PAT) is a one-time tP.st intended to demonstrate that 

the 621B installation in the helicopter is operational. PAT will be performed by 

Grummen. PAT may not be performed unless the IAT has been satisfactorily com-• 

pleted. 

PAT will include an EMC system test to demonstrate that t he 621B system will not 

be degraded by electro~etic interactions when tested on the ground utilizing 

both ground and internal power . 
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The !MC system teat will ca::mence atter it has been eato.bliahed that the 621B 
Helicopter system 11 functioning properly. The DIC syatem teat will be perfoimed 
in an appropriately "quiet" area. The 621B ayate will be exerc:hed in a noimal 
:functional manner and the Helicopter 1yatem1 operated in a manner representative 
of the 621B system teats. Nomal outpita (and po11ibly acme other critical points) 
will be monitored for degradation of perfoimance. The functional exercising of 
the system (621B and helicopter)~ require extemal tranllllitters, . signal genera­
tors, and teat sets. United States Army and, if deaired, the U.S. Air Force will 
designate and provide an inspector to witne11 PAT. APrrcwal will be made through 
the U.S. Air Force. 

In general EMC problr..us identified by theae teats will be evaluated in flight prior 
to instituting corrective action. Thia is the beat procedure because interactions 
uncovered in ground testing ~ be due to the proximity of the earth. 

6.2.5 Preflight and Postfiight Testa 

Detailed preflight and postflight test plans will be written during phase II. 

A preflight test will be perfoimed prior to each flight to ascertain the perfo:nnance 
status of tb.e system 621B receiver and teat inatrumentation. These tests will make 
maximum use of the self teat capability of the receiver rnd test instrumentation 
(reference Section 9). The preflight teat will be perfoimed a sufficient time prior 
to each flight to pennit corrective action for any minor di screpancies discovered. 
Discovery of discrepancies requiring miaaion abort should pennit the timely change 
of the flight schedule resulting in minimum loat time and effort on the part of 
the support personnel and equipnent. 
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poatfilght telt 11milar to the pretllght teat will be pertomed imllediately upon 

canpletion of the teat tl.ight to obtain a confidence factor for data retrieval and 

aubaequent lt!heduling of the next tl.ight. Thia will &110 result in the timely 

detection of di1crepe.ncie1, if any, prt)'Y'iding for speedy corrective action to 

minimize flight schedule del'1•• 

6.3 PROrosED TEET PLAN 

The total field systems demonstration test time will require seven weeks t '.J accan­

plish. It is anticipated that these tests will take place during the sU111Der of 1972. 

An estimated two weeks will be required for the test site configuration tests and 

tie down tests and a four-week period encanpassing 11 test flights of 11/2 hours 

each, will be required to fulfill the objectives of the systems demonstration tests. 

These tests are outlined in the test plBl'l matrix shown in Table 6-1. The number of 

field tests were selected to meet a:nny requirements consistent with program costs. 

The number of flights required is directzy related to the statistics associated 

with the sample. In i:e,rticular, a cufficient sample must be drawn upon which 

statistical inferences CBl'l be drawn with some caifidence. 

Confidence level values vary according to the program objective being examined. 

For basic system accuraa-1 tests a confidence level of 901, is established as a 

reasonable value. For less importBJ'lt objectives, e.g., general tracking capability 

during maneuvers, a smaller confidence level, perhaps 501, is reasonable. 

The trade-off among test program cost, number of tests required to satisfy the ob­

jectives with reasonable confidence, and the test program reliability factors noted 

has resulted in the present test selection. This is by no means a final solutior .. 

b'..1t is continuously re-evaluated, particularly during the flight program where in-

sight into the actual system behavior will usually cause a restructuring of priorities. 
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'lbe field test plan will be divided into three major parts: 

• Helicopter tie-down teats 

• !LS/Relative navigation teats 

• Area navigation demonstratim 

All tests will be conductf!d at WSMR, Northrop strip facility. Tests 1 thru 4 of 

the test plan matrix does not require WSMR trajectory data for the helicopter. 

Survey data eud balloon position data is required however. 

The tie-down tests uses the same transmitter configuratio·a as in the IfC-135 ILS 

tests. The helicopter will be tied down to the surveyed landing pad, and the 

following objectives will be accomplished: 

• Environmental effects 

• Rotor modulation/multipath 

• stationary baseline system accuracy with/without rotor modulation 

• Systems sensitivity/sequencing time as related to field strength 
power 

A very significant test will be the detennination of rotor modulation and multipath 

effects of the helicopter main blade on receiver perfonnance. This test is conduct-

-ed with the helicopter in a tied down condi·;ion. The UH-lH is delevered with a tie-

down eye installed on the main beam directly in line with the rotor mast. Prelimin­

ary inv,,stigations reveal th9.t a single point tie-down can be accanplished w1 th a 

l~inforced concrete weight and turnbuckle arrangement. Helicopter torque effects 

a.re negated by rudder/tail rotor control as in flight. Details are included in the 

PI , Section 7. 
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A aingle a.ntenna will be uaed at two location■ during thia teat phue, approximately 
4 feet frail the ma.at and 19 feet fran the ma.at :reapectively, thereby eatablishing 
syatema perfomance at varioua rotor diatance and blade apeeda. 

At both locations the balloon tranllllitter will be observed at three angles by 
raising and lowering the balloon fran 1500 to 5000 feet. Also 2-3 helicopter rotor 
speeds will be evaluated for the rotor modulation effects on system perfonnance. 

Enviromnental tests (EMI, vibration, accoustics) will verify the equipnent instal­
lation and provide qualitative data concerning the enviroment in which the equip­
ment will :function. These tests will be conducted with ground power and helicopter 
power. In addition, temperature sensors presently installed in the GFE 4 channel 
receiver will be ret6.ined. 

The effects of oth .. r helicoi;ter avionics on the System 621.B equipment will also 
be evaluated for EMI compatibility. 

The baseline system accuracy/survey demonstration will be conducted with the heli­
copter tied down at a known surveyed point (.:!:, O. 5 :f't. ) . The res'clts of this test 
will yield very accurate da·ta concerning the static accuracy of System 6;:;lB. 
Further, comparison of this data with that of the MCS (at a known surve:1ed point 
with respect to the heli'.opter) will yield static accuracy comparison data between 
the one and four channel receiver (MCS receiver is four channel ) , and allow 
statistical inferences to be drawn concerning relative navigatioo.. Th~ MCS can 
be used as a user receiver, since in a relative navigation si tuation, the trans­
l'litter time bi ases will drop out of the equation. 

System operational thresholds and accuracy will be evaluated by varying transmitter 
power and measuring field strength at the antenna. 
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The reduced data obtained frail these teats will pemit verification of the theory 

concerning the effect on accuracy of received power level and cycling time (dwell 

time at each code position). For the Option I receiver, the capability will 'oe 

provided to reduce the code search range uncertainty during charmel sequencing. 

This will provide data representative of the type of data obtained by ground based 

users. For the Option II receiver, due to the rapid cycling rate, the code search 

range uncertainty is alw9¥s much les11 than 1 chip ( 100 :rt) . 
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6.3.2 I~ Test 

The second major field test objective is to evaluate the potential of this system 

for landing guidance . The test ccnfiguration which bas been selected (Figure 6-2) 
approximates one of the proposed operational system ccnfiguraticns. The 

objectives to be accomplished during this test are: 

• Establish 621B systems accuracy with and without the presence of 
rotor modulAtion 

• Establish the range and rate accuracy of the system during heli­
copter final landing approach 

• C1'e.racterize the system perforuance at the instrunent landing 
decision points for Categories I, II, and IIIA. 

• Establish the system vertical velocity accuracy during landing 

• Obtain landing guidance perfor1111J1ce data on a "typical" helicopter 
installation using a "typical" operational system ccmfiguraticn. 

The ground transmitters will be located for this test in the same configuration as 

the tie-down tests. One · transmitter will be mounted in a tethered balloon at 

a.pproxi1DBte.cy 5000 feet above the runway in order to simulate a satellite. This 

transmitter is located laterally at 1000 feet off the runway centerline. 

In order to obtain data that does not contain rotor modulation effects, it will 

be necessary to lower the tethered balloon to 1000 feet altitude. This w 11 enable 

the helicopter forward antenna installation to view the balloon transmitt,,r signal 

at all ILS flight slope angles (2.5, 8, and 16 degrees) without rotor interference 

as shown in Figure 6-3. This provides the pilot with a pitch attitude safety 

margin of approximately 8° worst case. 

The forward antenna installation and location of the landing pad provides azimuth 

look angles of 2000 to all four transmitters as shown in Figure 3-1. All landing 
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Presently Planned RC-135 
I.L.S XMrR Configuration 

, 
Tests I and II I LS Transmitter Site Contig 

Balloon XMrR 4 

Helicopter Ldg Pad 

1-k>bile Cal Station (MCS) 

Northrup Strip 

Note: 1 XMrR 4 Alt 5K/1K 2 3 XMrR's-Symmetrical 
Triangles-Distances Equal 3464 Ft 3 ◊ Glide Slope Intercept Markers 

Figure 6-2 Presently Planned NC-135 I.L.S. XMI'R Configuration 
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Balloon 
Altitudes 5K Ft 

I 
I 
llK 
I 
I 

Balloon 
Tether 
Pad 

Figure 6-3 

Fwd Nose Antenna 
to Main Blade 

5 Ft Hover Point 
Helo . ..a.ndi ng Pad, 
(Most Critical Point~ 

250 Ft 
Initiate 
Glide Slope 

*Non-Interference 
Data, Flight Path 
Safety Margin, 8° 

Balloon Altitude Relationship to Helicopter ILS 
Trajectory with and without Rotor Blade Interference 
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approaches will be terminated at the helicopter landing pad tar end point data 

contirmation to a known point. 

Table 6-2 defines flight pa.th parameters associated with the simulated ILS demon­

stratiais. Since, there are very few sill\llation caiatraints, the procedures are 

straight forward end will approximate a normal landing sequence. Balloon altitude 

above 5000 feet AGL will not be attempted, to minimize operatiaial difficulties 

end to allow pay load weight to be reasonable. For one series of II.S tests the 

balloon will be lowered to 1000 feet. 

In order to obtain consistent data, a landing aid is planned for the pilot to keep 

approach variationn minimizea. . The optical landing aid mirror device or Fresnel 

arrEcy", retained :f'rom the NC 135 test program is interesting due .to its simplicity 

and reliability (see Figures 6-4 end 6-5). This devices provides the pilot with 

elevation cues by projecting a light beam up the glide slope. The pilot sees a 

spot, called the meatball, in reference to a datum line created by t. row of green 

lights. ·when the meatball is lined up verticalzy with the datum, the aircraft is 

on glide nlope (see Figure 6-6). The glide slope angle can be adjusted :f'rom 2° to 

7°. The me'!,tball is visible in dEcy"light about l n. mi. away. Pilot accuracy i n 

maintaining glide slope with this device is about 0.25°. 

In order to obtain greater adjustment of the OLA a tiltable platform/incline ramp 

will be constructed to achieve angles to 200. This should provide a relativezy 

cost conservative approach and still be sufficient to satisfy the ILS tests. It 

should be noted that this system will be used for the NC-135 tests and will there­

fore be readizy available for the Araiy II.S tests. 
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Table 6-2 Teat II - Simulated IIS Profiles (Northrop Strip Area) 

X 2. 5° Glide s!ope - l'ata comparison to NC 135 data 

Characteristics unit Acq. Data/Start lbver Data End 

Altitude Feet-AOL 250 200 5 0 
Velocity Feet/sec . 87 87 48 0 
Range *(Intercept pt.) Feet -7265 -5165 750 O· 
Rate of Descent Feet/sec 4 4 0 0 

Time from ACQ s~conds 0 15 70 8o 

XX 8° Glide slope - Normal helicopter landing 

Altitude Feet-AGL 250 200 5 0 
Velocity Feet/&ec 83 83 - 43 0 
Range *(Intercept pt) Feet -2400 -2000 -700 0 
Rate of Descent Feet/sec 10 10 0 0 
Time from ACQ Seconds 0 4 23 32 

XXX 16° Glide slope - Steep helicopter/relative navigation simulation 

Altitude Fe~t-AGL 250 250 5 0 
Velocity Feet/sec 92 82 39 0 
Range *(Intercept pt) Feet -1575 -1378 -675 0 
Rate of Descent Feet/sec 26 23 - 12 0 0 
Time from ACQ Seconds 0 2 13 22 

* All ranges to helo landing pad 
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Figure 6-U Optical Landing Mirror
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6.3.3 Area Navigation Teats 

The third or final field test objective is to establish system navigation per­

formance. The objectives to be acccmpliahed during this phase are: 

• Determine the 621B single channel navigation system performance 
in a simulated satellite environment. 

• Determine the effects of normal helicopter maneuvers on navigation system performance. 

• Demonstrate receiver threshol ds and sequencing time effects on 
system performance at lower transmitted signal strengths. 

The recommended transmitter configuration for the area navigation test is depicted 

:!n Figure 6-7. 

The ratiaiale for the selection oft.his configuration is detailed in Section 5.3. 

The helicopter flight profile of area navigation tests based an simulated operational 

constraints and vehicle performance dictates 4,000 feet as the best selection of 

altitude, thereby providing ranges of approximately 9,000 feet of (sufficient GD0P) 

ground track for data analysis (Figure 6-8). Due to the low lei/el flight, radar 

vectoring may not be feasible to maintain the data flight corridor. A very simple 

alternate method of a marked ground track course is contemplated which will enable 

the helicopter pilot to maintain a flight corridor of+ 200 feet. The range tracking 
and data coverage support at WSMR to conduct ILS and area navigation test flights 

will require the use of multiple cinetheodolities and fixed cameras. 

6.3.4 Flight Test 9P!rations 

Flight test operations center around flight planning, preflight and postflight 

equipment checkouts, crew briefing test range coordination, and actual flights. 

See Figure 6-9. 
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XM'l'R 4 

• 

Elongated Diamond 'l'ranlDlitter Configuration 

Test III Area Dav Demo Transmitter Site Configuration 

1/--10°T Parallel 
I to Northrup 

Strip 
/3000 Ft 

,' 9000 Ft 

3464 Ft 

Center 
Origin ./("'Helicopter 

(/ Landing Pad 

Area Nav Marked 
Course Gnd Trk 

I 
I I • XMTR 3 

Station 

~I 

I 
I 

I 
I 
I 3000 Ft 

I 
I 

Note! Ext end Marked Course + ·5000 Ft 
Beyond Illustration for Pilot 
Heading Reference 

Figure 6-7 Elongated Diamond Transmitter Configuration 
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Alt 
250 Ft 

1. ILS 

Max Range 8000 Ft 

2. Area Navigation 

3000 Ft 

RCVR1/Helo 
ACQ Turns High Accuracy Data 

9000 Ft 

Hel Ldg Pad 

3000 Ft 

RCVR / Helo 
ACQ Turns 

r-\--------------;N:..:o:-:::rt~hi:":r::-u:::p:-c;:St~ ... ::'l'3_-=p;_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_--,_J)_ Origin 
XMl'R Config 

Figure 6-8 Typical Data Cov~rage 
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Flight planning is conducted on a level sutticient to establish teat configuration 

control that will satisfy the established flight objectives while cCllsidering heli­

copter performance characteristics, data recording system ccmstrainta, weather con­

straints > avionic equipment characteriatica and performance limits, optimum sequence 

of tests which act as constraints on other teats, achievable teat program progress 

indicators, end supporting requirements. 

Preflight and postflight checkouts insure the integrity of, the vehicle, equipment 

to be tested, and instrumentation systems, before flight end the sta~us of these 

equipments after flight. Grumman will insure the integrity of all contractor 

furnished equipnent by conducting the above preflight and postflight checkouts. 

During helicopter integrity tests, Grumman will interface with the United states 

Army test team to maintain complete integra.tioo of all CFE end GFE. 

Crew-briefing is usualzy done in two phases: 

(1) A "pre-briefing" is conducted after the objectives from the master 

flight test schedule for the caning f1ight have been modified as 

a result of previous flight results accomplishment, changes 

in instrumentation or equipment configuration, bit not later 

than approximately 6 hours before scheduled take-off time. All 

test team personnel are involved: A/C maintenance, analysts, 

flight crew, instrumentation personnel, equipment engineers, end 

range coordinators. The test objectives end technical considera­

tions are discussed in detail, canpatibility with existing status 

in everyone's area of responsibility is determined, and objectives 

or test procedures are modified as required. 
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(2) A flight ''briefing" is begim ane hour bet'ore scheduled flight 

crew aircraft walk around inspection. The briefing which pre­

sents the flight plan on crew flight cards, is ccnducted formally 

describing objectives, run content, special test ccnsiderations, 

aircra:f't configuration, helicopter weight and balance data, 

weather and wind aloft, misa:ton abort criteria, flight safety 

consideraticns, cODDDunicatians frequencies and identifications. 

Attendance is limited on a need-to-know basis and changes in the 

mission plan are generally n.ot allowed. 
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7. PROORAM mrRODUCTION 

This section contains the planning Program Introduction (PI) baaed on the field 

test designed in the previous section. It has been written to stand alone and 

can be submitted to relevant agencies as a separate and caaplete document. 
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UIICIASSD'IID 
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coordinate position and velocity information. Initial deployment will be a constel­
lation of 4 or 5 satellites in the Western Hemisphere. 1.bree constellations will 
provi de near worl~wide coverage. Further information is contained.in the following 
documents: (l)Development Plan,System 621B,Defense Navigation Satellite system, 

1 Aug.1970,A.F. Space and Missile Systems Organization, Los Angeles, 
California,(SEX!Rm') 

(2)Concept Formulation Package/Technical Development Plan (CFP/TDP) 
for System 621B,Satellite System for Precise Navigation,SMA00-69-
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-1. PlOGIAM ' . MISSION INFOIMATION 
; . 

. This test program will consist 'Of experiments and denx:mstrations t o determine the 
accuracy of the System 621B single channel User »iuipment. The flight program, to 
be conducted at HAFB/WSMR, will be divided into three phases,(TestI)Gnd. Tiedown 
Tests(Test II) simulated ILS final approaches at Northrop Strip Area. (Test III) 
area navigation system demonstration. The receiver ou~put will be recorded on board 
the aircraft and the derived position and velocity vectors will be determined post 
flight by the contractor. These data will be referenced to time-correlated aircraft 
trajectory/Geodetic Survey data provided by the WSMR computation center. The test 
envelope and data requirements for Test I,Test II and Test III will be discussed on 
Page 4,para.1700 & 2100. The transmitter site requirements 
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IMIION NO _____ _ 
CIAIWICATION 

UIICIASSil"IZD 
Pl NO-------

PI M1I _____ _ 

SY TD( BACKGROUND INFORMATION ( cont'd. trc:>m :ps. 2 - para. 1000 - 1099 
(3} mss Applications to A.rmy rbJition Fixing Navigation & Survey Re­

quirements. Report No.UF-2986-B-l Cornell Aeronautical Laboratory, 
~tfalo, Nev Yor - FeP.rue.ry· 1971 (S!CRBT) 

PROORAM & MISSION INFORMATION ( cont ' .d. from pg.2 - para. 1100 - 1200) 

are discussed and ·sketches are provided in pe.ra.5600, pgs. 8.3, 8.5 and 8.6 

Test I -- Will be oo nducted vi th 621B single channel receiver and airborne record­
ing equipment installed in a UH-lH helicopter. Helicopter will be located at a 
first order ground survey point in a tied down configuration. System will be eval­
uated for rotvr modulation/multipath,EMI & vibration eff ects. Concurrently,base­
line system accuracy data will be obtained during the above tests. Definition of 
receiver sensitivity & sequencing time as a 1"unction of signal power level will 
also be tested. 

Ground site configuration will oonsist of three ground transmitters, the fourth 
carried by the tethered balloon and a IIX)bile calibration station.(Ground configur­
ation the same as NC135 I.L.S.Test) 

1 The 621B recorded output data •be/' ~e:fe~nc~·~o WSMR first order Geodetic Sur-
vey data and balloon position ·eking data. Addih.Eal support requirements will 
be detailed on Page 8.1 & 8. fI'lt.~?--i-if: -~).y ~ ~r,:ng days are planned for test 
completion. • i:-. •. , l 
Test II -- I.L.S. Relative a;~' ~ i • .,.·":. ' 

~st II -- will employ 621B qu • ~mtjal • ea - Simulated ILS Navigatio 
Test. Three ground .transmit rs a ·11Dbile caiibra.tion station will be located 

· near the center of Northrop • ri~-; ~d'1 ~/ rou:r'th t~r. tter will be carried by a 
tethered balloon. Dynamic ch . tOJJJtica of.,, ,{te loon will require that an ac­
curate time history reference o tiU,\tA:Jdan's ition be provided by the WSMR 
computation center for each simula . ~ach. The receiver output recorded 
onboard the helicopter will be referenced to WSMR trajectory data. The Helicopter 
landing~ configured (see pg.8.5)for Teat I will be ' the I.L.S.Termination Point. 

r.1.s. landings will be conducted without and in the presence of rotor mdulation. 
Effects on systems accuracy will be deroonatrated by comparison. Recording of data 
at theM.C.S. Grouni baaed 621B receiver(at a known location with respect to the 
helicopter landin@ pad) will indicate very ac ~urately the relative navigation 
capabilities of S:,stem 621B. Concurrent with above tests multipath evaluations 
w1.ll be conducted. Two balloon altitudes a1 i•· .:>x. 1K and 5K will be required for 

r i-:• above teats. 

Test II! -- Area N~vigation 

Test III-- will employ four ground transmitters positioned in an elonga.ted dia­
mond configuration as shown in page 8.6 and a mbile calibration station (~S) 

UlllflOIMt 
MY 70 QAlllflCATION 
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..... _____ _ 
:Test III (cont'd. from Page 2 - Paragrai;m llOO - 1200) 

fl NO·------­

"•"------
located at High Accuracy survey points and a 621B test rece~ver installed in a UH-lH helicopter to determine area navigation accuracy. For this test the balloon transmitter and antenna will be removed trom the balloon and located at the -8000f't ground locat.ion. Systems accuracy as a :t'unction ot signal power level will be evaluated f0r comparison to NC135 data. 

GROUND TRANfMI'ITER CH!CKOUT 
Checkout of' the ground based transmitters will be required. prior to each scheduled flight (approximately~ hours prior to range time)and transmitter checkout not directly related to schedule will be required approximately once for each two scheduled fli~1ts. Frequency clearance will be required for these tests ( see section 1400 - 1500 for frequency of trans.Jllitters) but no treg\lency protection will be required. · • 
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lfVISIONNO ClAISlflCATION Pl NO 

lfVISION DATI UNCIASSIFIED Pl DATI 
. 
1300 

YIHtCll N1'0 PAYLOAD IN'OIMATION 

LENGTH 42 ft. ( Rotor turnirur 57 ft. MAXACC&. .50 steady state) 

DIAMITII ( av@nt t-i~le) Rotn,- liA' ~· CPI 
WIDTH 0 f't. SPIN IATE 

,-0,UL SYS T'5~-L-l~ Wf DIV 6c;oo lbs. 
GUID SYS ~1n+. Wf LAUNCH · Tio n.w. 7Mn 1bA. 

LAUNCHER TYPE rm. HJ t.r ... , i '":~u,._ __ 10 TIMI 

OTHER TEST OIJECT CHAIACTEIISTICS 

.. 

Test III A:., ea Nav. Systems Accuracy Dei:oo. (Typical flt. 
,-. 

profiles) 
---

t:HAIIACTEIISTIC • UNIT Ill ACQ. DATA REF. TIMI COllliATED P'fllfOIMANCE DATA End tit 

AlflTUOE f'+IA~T L. K 4K 4K 4K 

VF. t OCii Y ft'/sec IOO·l70 IM-nD J()tJ ·ll. /IJIJ • l'J() 
- - ~--- -
OANG F. Naut.Mi, -2 -1 · O +l 
---
• '.CEtEIIATION Steadv S 

[_'.~ ~ fllOM LAUNCH Reconds 0 1~'1-60 70-1::>C 05-18< 

i r r f '),'\O OfSClll l'TION 

*ACQUISITION -- Indicates test receiver signal lock on, no trajectory data re-

quired at this point. 
*DATA -- Indicates start of WSMR trajectory data. 
*REFERENCE-- Point of Maximum interest. (Ref. PI page 8.4) 

*END -- Indicates end of WSMR trajectory data for this run. Typically, 10 

runs/flight • 

. TEST II ILS (cont'd. on pg. 3.1) 

ri ,1 (\ ,- ! 500 VfHICU INSTIUMINTATION/GROUNO SUPPORT INSTIUMENTATION/fQUIPMINT 

GROUND SUPR)RT !9iUIPMENT 

1. Test I. (Stationary tie-down tests) Three ground 621B t ransmitters & one ( 
I tentatively located as shown on pg.8.5, balloon borne transmitter at 5000° 

l 
I 

I 
I 

. -
U~ 'OIM l 
II J l 'Y 70 

will be operated approximately 2 hrs. before & during scheduled tests & at 

other times for checkout. They will have the following characteristics : 

Carrier Frequency - 1575 MHz 
Bandwidth - 20 MHz 
Power - 3 Watts 

A Mobile Calibration Station (14:=S}, located 1000' from transmitter center 

at Northrop Strip will be 
& for checkout. 

operated & manned before & during flight tests 

--
ClASSIFICA TION 

UNCIASSIFIED 

7-6 

(cont'd • on pg. 3.1) 

Pl PAGE 3 

--



.., •aac 110 ____ _ 

IMll0N Mil 

CWMCMION 
Ull:USSMID 

1300 - Vehicle and Payload Information (cont'd. :f'rom PS• 3) 

Test II - Simulated I.L.S. Profile■ (Northrup Strip Area) 

X 2.5• Glide slo~ - Data comparison to 1'C 135 data. 

CHARACTERISTICS UBI'? ACQ. DATA/START 

Altitide Feet-AGL 250 200 
Velocity Feet/Sec 87 87 
Range -It{ Intercept pt.) Feet -1265 -5165 
Rate of Descent Feet/Sec 4 4 
Time from ACQ. Seconds 0 15 

XX 8° Glide slope - Normal helicopter landing 

Altitude 
Velocity 
Range*(Intercept pt) 
Rate of Descent 
Time from ACQ. 

Feet-}.GL 250 200 
Feet/sec 83 83 

Fee 
o , ,. 

HOVER 

5 
48 

750 
0 

70 

4~ 
-700 

0 
23 

flND _____ _ ..... _____ _ 

DATA END 

0 
0 
0 
0 

eo 

0 
0 

0 
0 

32 

XXX 16° Glide sh>pe simulation 

Altitude 
Velocity 
Range*(Intercept pt) 
Rate of Descent 
Time from ACQ. 

5 1 
281' f ·I' ~1 

1,11,.. '. i • ,, 
v; ~~ r ~ 

5 
39 

-675 
0 

13 

1400-1500 GROUND SUPPORT EgUIFMENT (cont'd. from pg . • 3) 

0 
0 
0 
0 

22 

2. Test II - Three ground 621B transmitters and one balloon borne 
621B tran'sm1 tter, tentative locations as shown on page 8. 5 will be operated 
in t he same manner and with the same characteristics stated in paragraph 1. 
The MCS will al:10 be operated for Test II. One tethered balloon at approx­
imately 5,000/1,<XXJ ft.AGL, 1,000 ft. off Northrup Strip Centerline will be 
used for Test II. A standard Cambridge Research Laboratories radio control 
unit will be employed. Test-bed helicopter flights are required during 
Test II . A Ul)bile radio control vehicle (UHF ground to air) will be em­
ployed during Test II. 

(Test III next page). 

lallOallt 
MY 11 C..'9U'te.ATION 

UNCIASSIFIED 
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tmCIASSIFIED 
" MIi 

1400-1500 GROUND SUPR:>RT ~UIFMENT (cont'd. from pg.3.1) 

3. Test III - Tbe configuration is the same as Tes . I and II except one 
621B transmitter will be relocated at -8K' from origin (center Nor-
throp Strip) in an elongated diaoond configuration. The K:S will be 
required. Approximately 3 to 4 area navigation flights are antici­
pated. Transmitters and high gain antenna's wil+ be oounted on trailers 
moved from the NC-135 Salt Site Configuration by the contractor. 

B. WSMR EgUIPMENT 

c. 

• A oobile ranio control vehicle is required at Northrop Strip in 
addition to site instrumentation for helicopter trajec tory. 

~,oaaa, 

I I MY N 

UNCIASSIFIED ",AGE - 3,2 
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lhlllC»t NO ~PICAYION Pl NO 

IIVISION ~Tl UICIASSMED "~" 
1600 SYSTIM IIADI,_ PIOCIDU8/Tllfl 

A. Prior to commencement of field test milestones, the following site readiness 
activities are planned: 

1. Site Survey 
2. Helicopter Ground Track, Marked Course 
3. Helicopter Landing Pad. 

B. Prior to each flight normal preflight tests will verify equipment operation 
in the following test areas: 

(cont'd. on :;,g. 4 .1) 
1700 

. "Ft AGL rm ENV!lOfl! INIOWATION 
TIAJECT IANGE ALT QI AZIMUTH MAX flEIIF TEST DIST IIMAm 
MAX ± ~111M c;y 100 ~ Area Nav. Test envelone TYPICAL ± 2111M 4K 60-MKTS for cine. data cov.see "DQ:.8, 14 MIN ± 2NM 500-0 60 KTS J!ntry e oaed) Typical I.L.S.enveloPE 

~ 1,, ... , • • :v.~ " " 
.,.j':- ~.,~ - '• . r·1,,,. 

1800 

l .ft,:JGRAM <?,flAJI~ .~~----
• I' I [ ' I' ' I I ,; 

Test a. Eng. Test Person c' ?uc t~s ~ h he helicopter running in the tie-down cot' 1 t' n - • · a net operational hazards =~~ as electri< ~1\f385c~ ~ .• .~noise, sand blasting, 
I. 

b. Hel:copter I.L.S and J:e.np~ _!rr4.~ p~ •.les should be inbound at 220 T to elimina ~rfliehlt~1of .t~Jt. • te configuration, and main-tain 621B forward e • ~v~,.. . of · i te configuration. . . . 
c. Helicopter rotor wind e~ ~~.A.(optical landing aid) and M.C.S.(}.k)bile Calibration Station) which are approx. 500' from the 

helicopter landing pad. 

CATEGOIY 213 '2000-3999) TEST/MISSION OPEIAtlONAL IIQU■IMINTS 
2100 

METRIC MEMUREMENT AND DATA REQUIREMINTS 

TIIAJECTOIV SEGMENT /TEST PHASE 1105 VEl ACal l'IT04 YAW 101.1. 
UNIT F'l' FPS .l'".L' .l''l"l::i TEST II I.L.S./CROSS TRK 4-6 1.0 50 50 

ALOl«i TRK 4-6 1.0 50 50 
VERTICAL 4-6 1.0 50 '.:)U 

TEST III AREA NAVIGATION 
HORIZONTAL 4-6 1.0 50 50 
"•:-·• · , 4T 4-h ,.o 50 50 

'DA,f .T N"ITII IJTAA I , ......... rrAY 

un~ .,. ... ,·dT 1-2 1.0 50 50 
u N '.N' , 11 '4T 1-2 1.0 50 c;o 

IJDS flOIM. CLASSIFICATION JULY 70 
UNCIASSIFIED Pl PAGE• 
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QMllfDl10N 

UICIASSIFIED 

... , _____ _ 
IR_..MTI 

fl MIi 

16oo SYST&t READINESS PROCEDURES/TEST (cont'd. from pg.4) 

c. 

1. Test Bed Avionics 
2. MCS Van 
3. GND Transmitters 
4. WSMR Instrumentation 

EJ,UI™ENT INSTALLATION AND INTIDRATION PLANS 
1. Receiver t00difications will be accomplished at the contractors facility-. 
2. Helicopter modifications and installation to be accomplished at Holloman A.F.B. 

. . 
3. Ele~t~nic intcg;:J.t1,on test to be conducted at Holloman A.F.B/W .s.M.R. Northrop Strip, M.c.s. (t-t>bile Calibratlon Station) 

1. Receiver Modification 

6. Site Dismanteling 
7. Reports . - Field Report 
8. GAC Final Repor-t 

IDIOIMt 
MY 11 

7-10 
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ll"9IION NO_ ...... ...., ___ _ 

IIVISl0N DA~ 

IIQUIIIIMINf 

2100 fCONr) 

22Ci0 

2300 

2 .. 00 

TIMI COtlllA TIO 
IIHOTOGIMHY 

TILIMITI\' 

COMMAND/COHfllOl 
DUTIUCT 

AIR-GIOUND 
COMMUNICATIONS 

2500-2600 
COMPOSITE I 
(.;)THH S'tSTIMS 

2700 

GIIOUND COMMUNICATIONS 

"NO-------
U!ELASSIFIED 

" DATI 

X IIMAlltl NOTI 

X One UHF ground to ,,ir frequency is required 
ro nd test personnel.Back-

X Test intercommunications among project rep, 
Mo:t> •· ion Station and - see pg. 5.1. 

r------------4--4-
~ A,u;Ja,P time will be available at 2COO OTHER COMMUNICATIONS 

TIMING 

TlllVISION 

3000 
R£Al TIME 

i----D_I_SPLA_Y lo COHfllOl 

3100 

3200 

DOCUMENT Al\' 
PHOTOGRAPHY 

~mlli.n 11 supply timing to 
vices. See pg. 5.1 

are required for test 
ook trajectory. 

Su oon opera-
X tion during Tests I & II. Rawinsonde data at 

t---MET_ro_ROL_oo_,c:.-_1 ______ -l--+-~l~OO~f:..::,t.intervals(Prea~ure,Temperature & Humidi ) 
see pg • • 3300 

IIECOVEI\' 

3•00 OTHER TECHNICAL SU!'f0:'1'i 

UOS fOIM S 
JULY 70 

FIIEQUfNCY COHflOl 

RANGE SHIPS I 
AIRCRAFT 

TAlGITS 

Reference para. or re-
X quenc ies planned to be utilized in test .Fre­

quency prot ection in band occupied-see pg.5.1. 

Transmitters, Helicopter Landing pad, & MSC 
X ri ites will be surveyed with such accuracy tha 

positioned uncertainty of the aites with 
1. 

Pl PAGE 5 
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-·-------lhlllC»I MIi ____ _ 

2700 (CONT) 

28oo (CONT) 

3100 (CONT) 

3200 (GONT) 

34oo (CONT) 

MISCELIANEOUS (CONT) 

~ 

UNCLASSIFIED 

... _____ _ 
"._,. _____ _ 

ground transmitter sites is reque1ted. A range 
tell'ph ne at the mobile .. calibra~ion 1tation (MCS), 

• . 1a l't'Q.uired. Project intercom will be adequate 
tor MCB and tranam1 tter ai tea. 

WSMR will provi<ie mobile IRIG tildng sync to the 
testbed aircr~"t at Bldg 868, Holloman AFB, 
before and after each .flight. Timing tolerance 
( :I: 1 Millisecond) • IRIG ~ time from on board 
generator will be recorded on magnetic tape. 

transm.ttters will be requ:f l'ed &l ng with samples 
of film data from cinetheodor.tte cameras and 
other instrumentation cameras. 

up_ t . .;t~ AGL is requir.ed in the transmitter 
.f· ,,7·•~-~ hour of the midpoint of the 

.. / ~ :62iii!~an~tez\. is required during tests. 
• " '~ · • • \ ., • 'l ' \ 

~.\ :· ... :i_c . y , acki~- de ces used for A/C trajectory ,I,, / .. , t!l'' " . •'J. ' I 

•t \~~ r at '""' ~~d e less than one-half foot. 
1. -. -~ ·. ~,.taptiard~(Rubidium or Cesium) will 

1 ; ··q• Q~-~~ed. l'\µ.l _~t~irne: or the duration of the 
.. ttes_i;Ing\ .t9 ~ra the fundamental oscillator 
• --~~h . t!_.. . . site. 

, , ·•:•~/,.N •:>• . : -' . . ,,,,,.. 
--~ .. - ~~ 

CIAIIIFICATION 

UNCIASSIFIED 
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~NO _____ _ 

IMSIONDATI 

CIAlllflCATION 

UlfCIASSIP'IED 
PINO------

PI DATI 

CATEGOIY 4 C400CM999t POST R.IGHT DATA PROCISSINO & DISPOSITION 
400CMIOO 

TeBt I Requirements 

I:8t.a category: 

COOIDtNATI fflTlMS DDClr,TION/DATA PIIOCISSING FUGHT EVALUATION 

l. Provide quick look balloon borne transmitter p:>sition data in the White 
Sanda Cartesian Co-ordina.te System. 

• 2. Provide BET balloon trajectory (position and velocity) in the White Sands 
Cartesian Co-ordinate System. 

3. All data other than tabular listings . will be in digital form on mag tape 
and will be delivered to Lt. James Bybee 6585th Test Group 
Holloman AFB, New Mexico 88330 

IDTE: 

4200 

For example, the 
1s required in 2 

DATA DfLIV' '~ AND DISPOSITION R!QUIIIEMINTS i------,--T"'"'"----,....::;:.:.;.:.:..:.:;;..·_..:.:..;F..;.;;;;;.;;;.;;.;.;.:.;.~;;.;;.;,.;;;;.;.;.;;;_~,_,.----.,.----, 
DATA CATIGOIY l 2 3 

QUICK LOOIC 2 wd 5 wd 8 wd 

l------~-------1~----1-----t-----r-----r---- · 
FINAL 

U01 fOIM • 
NLY 70 QASIIFICA T ION 

UNCIASSIFIED 
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IN.tat NO _____ _ CIAIIIPICATICIN 

UNCIASSIFIED 
PINO------

IMSION~TI 

CATIGOIY 4 C400CM9991 POST RJOHT DATA PIOCISSING I DISPOSfflON 
COOIDINATI fflT!MS OUClt,rlON/l)ATA PIOCmlNG RIGHT IVAI.UATION 

1.l'est II Requirements 

1. Provide quick look ~lloon borne tranami tter position data in the White 
Sands car.tesian Coordinate System. 

2. Provide calibrated aircraft ground tracking sensor data. 

3. Provide BET balloon trajectory (Position and Velocity) in the White 
Sands cartesian System (WSCS). 

4. Provide N station optically derived aircraft trajectory in t.he wscs. 

5. Provide accurate aircraft reference trajectories in the WSCS. These 
trajectories shall be referenced to the nose 621B helicopter antenna. 
'Ihe metric measurement requirements indicated in block 2100 refer to 
the quality of the smoot • • Trajectory (BET) . 

~ ',!,. 

6. All data other than t stings to be in digital form on 
magnetic tape and wi : -J~e E. Bybee, 6585th Test 
Group ( GDI\F), Hollo , 33,0 . 

.. 

NOTE: !Bta categories below refer to the paragraph numbers above. For 
example, the quick look traj ectory data requested in Paragraph 1 
is required in 2 working days. 

4200 
DATA DEUVUY AND OISl'OSITION lfOUll!MINTI 

DATA CATIGOIY 1 2 3 4 5 6 

QUICK LOOIC 2 wd 5 wd 10 wd 15 wd 20 wd 23 wd 

NI.IMINAIY 

L_NAL 
UOl f<>IM t CLASSIFICATION 
JULY 7 

UNCLASSIFIED Pl PAGE 6.1 
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IMll0N NO ------ "NO------
UNCIASSIFIED 

CATEGOIY 4 C4000-4999t POST fl.lGHT DATA PIOCISS .. G & DISPOSITION 
COOIDINATI fflTIMS onc11,r10N/DATA NOCISSINO FI.IGHf IYA&.UATION 

T~at III Requirements 

Data Category: 

1. 

4. 

Quick look traject ory data is require~ tor Teat III system demonstration. 
Digi t&l tape accompanied by & tabulated listing, containing unsmoothed 
radar A/C latitude, longitude and altitude as a.f'unction of time within 18 hours after the fiight is acceptable. Assume cinetheodolite tracking 
is utilized, a digital tape, accompanied by a tabulated listing, con­
taining A/C latitude, longitude and altitude as a !"unction of time fran 
frames of data at 10 second intervals on data runs apecified by the user is acceptable. 

Provide calibrat ed gr ound tracki ng sensor data and the individual. 
calibration values used for each sensO.r employed. 

- ::i ~:c;;~~ 
.. :. •. (i"''. , , t " , . j 

Provide an N stati on 9 ,,~~~craft trajectory in the WSCS. ~ ' , ~ . ,..,,,, .... . , .,,# ~- ~ 

Provide accurat a • • i { tef,#~~eJ>~ ~c~ ~ries in the WSCS. These 
trajectories shall .' e . ~rencea --to t~~ .~er 621B helicopter antenna. 
The metric mee.sur , ~~ .. ; i, 

1
q~~:..~te~• in block 2100 refer to the quality of th~ . , ·. , ei B?~t ~> :' ~; Tr,.-,ectory (BET). 

' .I: rff . ... ~ f. ; ' , "I ·•~~ :ll.!"' ,n • : 1 
All data other th t,h~~~~;J,4s \~s ar~:to be in digital form on 
magnetic tape and b(deili"Nre(t: to•Lt. (/8.D!s E. Bybee, 6585th Test 
Group ( GDAF'), Holl •~ ' ~~~:~_3~~~ : • 

' , ;.~;'-" .9t ' .. , · . t. . .. ~ 
. ' .. ... "~ >~ft, _:. " :t.♦ • = ' ... - . . ~ .,~ 

. •-.:, . .-iti:, ,, • 

Note: Data categories below refer t o the paragraph numbers above. For example, 
the quick look trujectnry data requested in Paragraph l is required in two working days. 

•200 

DATA CATIGOIY 

QUICK lOOIC 

PIII.IMINAl't 

UDS fOtM 6 
NO' 70 

1 

2 wd 

DATA DfllVH\' AND DISl'OSITION lfOUIIIMENfS 

2 

5 wd 

3 

15 wd 

QASIIFIC. ION 

UNCLASSIFIED 
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- ~-- NO CIAIIIPICATION Pl NO 
URCLASSIFIED IIYISION bATI "~" 

CAllGOIY S CSOOCM9991 WI PACILITIIS/1.0GISTIC IIQUIIIMINTS 
5100 fY ., l. 

"' re:: "' PEIISOtNl ASSIGNMINT SCHIDULIS 
I 2 3 • I 2 3 • I 2 3 • Contractor 

At Holloman A.F.B. 
·1~ ... ~ ";J UU ISJ.\.c 

5 Permanent on site i 1 

A+. Yl=™R 
'T1Pmn 1 l 

IIEQUlll!MINT X IEMAIKS NOTE 

5200 Provide transportation tor transmitter antennas 
TIANSIOlffATION X 

from NC-135 salt site location to Northrop Strip 
where they will be installed by t.~e contractor 
prior to area navigation tests. 

5300 SHYtas Clearance and entry to Holloman, Kirtland A.F.B. 
SKURITY X and Northrop Strip area tor approximately 20 

peraoMel tor duration ot project . . 
FIIE It required by Army Operations for helicopter 
PROTECTION run-ups at Northrop Strip, 

' 
UTILITIES 

' 
' 

WAIEHOUSING 
& STORAGE 

-
PIIOPfUANTS 

FUELS & 
Fuel for WSMR furnished motor generator sets. LUBRICANTS 

One IRIG "B" Reader capable of converting the 
OTHIII modulated lKHZ signal to parallel BCD will be 

required for the M.c.s. 
s•oo 

LAIOIIA ORY 

... 
u°' POlfll 1 CLASSIFICATION JUl Y 70 

UNCI.ASSIFIED Pl PAGE 7 
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IMIION NO------ Pl NO-------
IIVISION DATI 

5500 

5600 
FACILITlfS GDIHAl 

Provide he lico 

1. WSMR v111 estimate 
facility items. 

,v 

PI DATI 

,v 

2 2 2 

reimbursable 

CATIGOIY 6 C6000 69991 OTHB SUPPOIT IIQUIIIMINTS 
6000 on•• IUPPOIJ IIQUIIIMEMS 
W3t!R will identify estimated 
derived snpr1ort requirements. 

FY 72 funds required for all range 

2 

1. Request thg range provide a suitable Helicopter I.anding Pad approxilm-te ly 500' at 30 azimuth from the M:>bile Calib:r&tion Station (MCS). This area should employ oil/chemical dust treatment tor the , landing area to eliminate excessive dust and sand blasting during tie down and !LS landing tests. 

2. Sui table 1Bd area markings and pilot re(erences are required t.o conduct !LS landings Test II. In addition to an optical landing aid, glideslope intercept markers a-se reguired tor a pilot aid to initiate glideslope trajectories ot 2. 5 - 8 - 16' to selected landing pad. 'lhe glideslope intercept points are deinted on Page 3.1 s - fflnges to helicopter landing 
pad. (Continued on Page 8.1) 

UOI l'0IM I 
NlY 70 CLASSIFICATION 

UNCIASSIFIED 
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•■DN NO _____ _ CUIIIRrAllaN 

UJICIASSIFIED 
fl NO--~----

fl Mft 

THER SUPPORT ~UIRl!MENTS - (Continued trom Page 8 - Paragraph ,J()()()) 

3. Anti cipation ot FPS 16 clutter return problems in radar vectoring the 
Helicopter tor the area navigation profiles at Northrop Strip requires 
an alternate metl:lod ot holding cross track pilot error ·t.o +100 tt. ot 
planned ground track. '!his can be achieved by ground course ·heading 
markers , Locate~ approximately 2000 tt apart over a 4 mile course 
centered at transmitter origin shown on page 8.6. 

4. Provide transport.a tion of IC-135 Salt Site, transmi tp,r antennas t.o the 
HA-7 site l ocation at Northrop Str 4:, where they will be installed by the 
contract.or. 

All tests will be c nducted at Northrop Strip (Site HA-7) . . M.l facilities 
constructed tor the NC-135 test program shall be retained by the range user. 
'Ihe follow~ng lis·t of .. requ.;rement~ are anticipate'l: 

L 

2. 

3. 

4. 

5. 

6. 

'l.be transmitters should be loca "Jp close proximity to si.te HA-7 at 
Northrop · Strip as sho,m on .\ ;5,; ,'::,:$· and transmitter support stancm 
for Testm -will beCFE . t: -that two. ,~ • hone poles that were installed · 
by the range at the MCS. 1- ' shall: be retAf • 

/' r I I .... "'\_ ' 

Each transmitter mus+.' .J~.,;~f~'.t;;d ~~•ilr1cal coverage overhead. 
/~ .. > , I ~ r • .... " · ' 'A 

Communications, and e '~i~JJierit,1~ ··,ij1~~ts, 6o Hz) must be present 
at transmitter sites l_o~~&M!aJor . .turril~hed equipoent at each site. 

iJ ' \ ~' . . ~ ' ' . • .f{ . . ... . . . . 
As indic11i;ed previously •• . tl2e1' M:>b~li Cilibnltion Station (MCS) should 
be with!n -the Line ot Sf -~~~e'_1;~~i~J's. CODDDun~cations, timing, 
and eleC!trical power must i.::..illtlt~~-• { -•~ Kilo-watts, 400 Hz and 5 
Kilowatts, 6o Hz) should be • • • •• rate contractor f'urnished equip-
ment . .'An outside telephone line, Sanitary facilities, Water, and IRIG "B" 
timing are required ·at MCS site. 

Electrical power can be delivered to the ground transmitters by existing 
land lines or by motor generators operated by WSMR, recha:geable batteries 
(CFE) will power the balloon borne transmitter. External power for the 
ground transmitters· ·· will be required beginning· approximately 2 hours prior 
t.o test runs. Power must also be available to recharge balloon borne batteri s. 

A balloon will be used to carry one of' the 621B transmitters during the ILS 
tests. A balloon launching pad ( see Page 8. 7) is . required for ground 
handling during inf'lation, deflation, and tor tethering the balloon during 
non-test periods. Dueing the ILS tests, the balloon will be tethered at an 
altitud~ of approximately 1000 and 5000 ft AGL f'rom a mobile winch. 'Ihe 
balloon launch. pad should be constructed at the location ::J own tor tm ns-
mi tter to~r on Page 8. 5. Balloon .support will be provided by Detachment 
1, Air Force Camb1·idge Research laboratory, Hollomn Air Force Base, 
New Mexico. 

UNCIASSIFIED Pl PAGE _a_._1_ 
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IMIIDNDUI 

CUIIINCAIIDN 
UBCIASSimD 

.... _____ _ 
0'l'HIR flJPPORT ~U.!RDmNTS - ( Continued ti,,m Page 8.1 - Paragraph 6ooo) 

8. 

9. 

11. 

12. 

13. 

aflDIMt 
MW J9 

A uaer turni•hed opt!cal landing aid (0LS) Will be 1n•talled near the 
reference point ahovn on Page 8.5. Power Will be required at this site 
(201CW, ll5v, 6o Hz). Caaunioation is not required, . 

'l'ra~•itter, 0IA, Balloon, ,CS ~nd helicopter landing ·sites vill".b.e checked 
against above criteria by -the Fange, and approved by the user. Tbe 
balloon Pad and belcopter landing pad should be constructed, and all sites 
except the balloon and 0IB •uneyed to the accurac7 stat.ed in 34oo 
(misc) by the Range prior to l Sept. 71. Balloon and 0LS sit.es will be 
located within+ 20 teet. 

A Oimund Cooling cart will be required at Rortbrop . Swip tor be licopter 
equipnent · cooiing during electronic prefiight and test 1 • (Gnd Tie Ibvn 
Tes~s) • 

Ground power is required at .·~r . p Strip tor electronic if.ntegration, 
pre:..tugbt _and ground tie . . r.,. lta.._ : . 

~ •h\\ .,A--:~~ 
Provide ac~ura te tran. ~i~ • ~q~ ~~~ J ~;;~~ tt trom ~nter origin 
( surveyed to .: • 5 tt) • . / :,;.. . . , , •• -~ . ~ • ~, • 

' • ; . '1/i:" ,' 1" .• ~r -'1 r~. 
a) Provide ·a.ccura '4~pmst,e~~~ l._ ta ( surveyed to ! • 5 ft) , .. , ." . ~ .. : r 
b) ::Svid~ 12 cc • ~ \ti~~ -~< ''s~;,i~n;:.rkers at pad spaced at 

30 incrementA , r,_ue ·, ~adifll ♦ . • • • .fJ 
(Item· 12 will be ·pr i •• .. ui~'.:iir,i test:-:- I a-al tor pre-tlight checks of 
user rece.1. ver base 11, • •. , • .n" ·--~~c~~}~ 

·. . ·'t~ N ~,-; -~ ·:, 
Provide a single point h • vn pad. Three 25,000 lbs tie 
d~ met~ods are illustrated on page 8. 7 and 8.8. se1·ection of a 
particular method .fran the proposed methods can be .made by WSMR 
faciliti s personnel. 

It is necessary that a rated helicopter pilot, man the helicopter during 
tie down operations to satisfactorily balance rotor torque effects. 

UNCIASSIFIED 
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G-22.75 ,_ _______ ------
~ ~~~~~:~: • •, · ,;• 

Longitude 

'• •.· 

.·: 

G-63 ---~ 
. . 

: .. : ... :. 

.. . . •' ... : 
o WSTM 500,000 ';, 

33 00 •~~zero Vol ts-----------..... -----------~ 

106°, 30' 

Reference 

Configurations 
Shown on 
Pgs 8.5, 8 .6 

I I .. . 
·.:.Testing Area 

~WSTM 
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8. OPrIONS 

The be.sic objective of this program is to demonstrate that Systan 621B concept, 

with a single channel receiver, can meet Army position and accuracy requirements. 

There are several airborne hardware configuration options to demonstrate user 

operational aspects of Systan 621B. This section addresses these options in 

concept tems. Section 9 addresses the design and installation aspects. 

The first two options concern the type of single channel-receiver which can be 

used. The third option considers the use of an airborne canputer in a real-time 

navigation configuration. 

8.1 OP.rION I - MODIFIED GFE RECEIVER 

The minimtm1 cost approach is to modify the four-channel receiver that SAMSO wiL1 

use for the NC-135 tests. After canpletion of the A:rmy tests, if req rlred, the 

receiver would be remodified to its original fom and returned to SAMSO. 

The modifications consist of using different processor code and carrier loop band­

widths and different acquisition parameters. The values of these parameters and 

the cnannel cycle time are the subject of the tradeoff analysis in Section 9.1. 

In the single channel mode, the input signal to three of the receiver processor 

channels is disabled while the fourth tracks. There are four code generators, each 

driven at a naninal 10 Mhz, except for the channel being tracked, which is run at 

the required rate to properly track the signal. Clearly, in an operational receiver 

there would only be a signal channel. The four-channel approach is proposed due to 

the constraint of using the GFE four-channel receiver. It should also be clear 

that the selection of the aforementioned parameters are also subject to the con­

straints of this existing receiver. While generally representative of the opera­

tional system, the values should not be considered typical. 
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1 h his GFE receiver approach, the Army will not have a recei,er with which to 

nduct fiture additional testing. In order for the Arm:; to acquire a receiver, 

one would have to be assembled. This leads to Option II. However, rather than 

assembling a reproduction of the S.Af.EO four-channel receiver, it is more desireable 

to produce a state-of-the-art single-channel receiver which would be representative 

of a realistic single-channel receiver with greatly improved perf o:rm&t1ce. 

8 .2 OPl'ION II - SINGLE-CHANNEL RECEIVER 

In this approach a new advanced sto.te -of-U1e-art single-channel receiver design 

is proposed. The receiver utilizes digttal processing that is time-shared and 

cycled betw en all four channels rapidly enough for the pseudo-range a.nd range-rate 

data to appear virtually continuously. This cycle time, four milliseconds to 

cycle through four channels, is to be ccmpared with the one-second cycle time in 

the Option I approach. The measurement rate approaches that of the four-channel 

receiver. In this approach four code generetors are provided, the three quiescent 

channels being driv~11 by ~he 3t dard 10 ~ z clock. The tracked channel is driven 

by a phase shi:f'ted replica of the standard clock. 

Th s receiver design is a representative prototype of an op~rational one-channel 

receiver, and as such could provide very relevant operational dat~. It is 

therefore ~ecomrnended. 

8.3 OPl'ION III - RFAL TIME COMPUTER 

A significant "next-step" in providing data for the oJ)erational system is to 

provide for real time navigation computation and display in the helicopter. 

Since the transmitters are running asynchronously, a real time transmitter time 

bias computation will be required in the MCS as well. The values would then be 

voice uplinked to the helicopter where they can be keyed into the computer. This 
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procedure should suffice since the oscillators are very stable and updates should 

be required no more than once each run. 

8.~.1 Approach 

The real time navigation solution will be accanplished as follr.ws. The oscillator 

time bias associated with each of the four transmitters will b canputed by the 

MSC computer fran the measurements taken with the Calil,ration Receiver. The time 

bias data will be voice uplinked to the System 621B ope~~tor ir., the helicopter and 

entered into the airborne computer via the control/display wii~. This update 

is required once every several minutes. 

The airborne computer will recc:ve both the uplinked data and the raw navigational 

data (pseudo-ranges, pse~do-dopplers) from the airborne receiver via the computer 

interface wiit. Every 250 msec the airborn€ computer will compute the receiver 

oscillator bias and bias rate and the helicopter position and velocity in the 

appropriate coordinate systems. This data will be recorded for comparison with 

the post flight reduced data. The post flight reduced data is derivect from the 

recorded measurement data and is the basic data reduction procedure used for 

the NC-135 tests and the procedure planned for Options I and II. The real time 

position and velocity data will also be displayed in the helicopter for Operator 

and VIP observation. 

8.3.2 Real Time Option Requirement 

The r eal time option will require additional equipnent installed in the helicopter 

and in the mobile calibration station along with interface changes. The helicopter 

will require the installation of an airborne computer, control/display unit and 

an interface unit to provide the computer/receiver interface, the computer/control/ 

display interface and the 1!omputer/recorder system interface. This will necessitate 
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i r as d installation and check-out requirements. The MCS will require the 

a dition of a computer, control/display unit, an interface unit, and provision 

for voice uplink tc the helicopter. 

The airborne comp ter and control/display unit will be consigned t o the program 

by either Kearfott (SKC 2000) at ncminal or no cost. The interface will 

be designed and fabricated by G:nmiman . The MSC canputer and control/display 

will be consigned to the program by Grurmnan's Advanced Developnent Program 

Office (COC-5360) or the Air Force (CIGTF, Holleman- HP 2114B) at no cost to 

the program. The interface requirements will be designed and fabricated by 

Grumman. 

Modification to the recording system interface unit will be accomplished by 

Grumman. This is addressed in Section 9.2. 

Developnent, check-out and implementation of the so:f'tware program will be 

required for the real time programming of the airborne computer and the MCS 

computer. This effort will be accompli.shed by Grumman with assistance from 

the computer manufacturers. 

Data processing of the data is addressed in Section 10. 



9. EQUIPMENI' DESIGN AND INSTALLATION 

his section addresses the e'l\lipment design and installation proposed for th f ield 

tests for all options. It will be noted that where possible, equipment from -che 

NC-135 tests are being used as is or m::>dified. New designs have been ~esorted 

to only after a clear indication that the equipment which exists cc-uld not be used 

or that a new design is more effective. 

9 .1 RECEIVER CONFIGURATION SELECTION 

9.1.1 Tradeoff Ana:cy,sis 

l-Ethodology. The tradeoff analysis performed during the study program considered 

receiver configuration and design options. Their advantages and disadvantages 

were evaluated as they relate to the demonstration objectives. Based on the Army 

operational requirements, two approaches were selected and further evaluated. The 

resulting detailed designs were estimated as to their relative cost for the flight 

test demonstration phase. These approaches are presented as our recommendations 

for the Phase II test program. 

Discussion. The first step in the tradeoff analysis was to identify reasonable 

combinati_ons of receiver configuration options. The possibilities considered were: 

• Use the four-channel receiver directly from the NC-135 test 
program as GFE 

• M:>dify the GFE receiver using the four existing processors to 
act as a time-shared single-channel receiver 

• M:>dify the GFE receiver with a new single-channel processor with 
four code generators 

• Fabricate a new four- or one-channel receiver as above 

• Fabricate a new one-channel receiver 

9-1 

57 



ese options and their advantages and disadvantages are listed in Table 9-1. A 
list of the demonstration objectives is presented in Table 9-2. It appears that 
the least expensive approach is to use the umnodified GFE (la of Table 9-1), but this 

\ would not provide adequate data on a representative sigr.e.1 channel receiver design 
or channel sequencing techniques. The only new and useable data which could be 
obtained are: t he receiver perfonnance in the helicopter vibration and acoustic 
environment; the effect of rotor modulation; the effect of rotor multipath; and 
acceptable antenna locations. The most expensive approach is the developnent of 
a new single-channel receiver•optimized for the helicopter application. This 
would provide the most meaningful data on one or more prototype processor designs. 

The candidate approaches which were further analyzed were: 

• Modi fy foUI·-channel GFE to act as single sequenced channel using exi sting processor concept. An alternate t o this ap­proach is to fabricate another four-channel receiver and modify it in the same manner 

• Fabricate a new single-channel receiver with various processor designs and retaining the existing RF/IF and frequency source designs 

The first approach is the least expensive; its alternate provides an additional 
four-channel receiver with the ability to operate as a one-channel receiver for 
future t ests and experimentation. The second approach provides a single-channel 
receiver with the following advant ages: 

• Closely representative of future operational receivers 
• Flight tested in an operational environment 

• Cycle time of about 1 millisecond per channel thereby making range and doppler available nearly continuously 

• At the rapid sequence rate, i t can easily be expanded to an 11 channel receiver 

The use of an on-board real time digital computer during the f light t ests is more 
for dat a reduction and real t ime display rather than for aiding t he r ,eceiver. The 
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Table 9-2 Demonstration Objectives 

PRIMARY OB.~TIVES 

1. 

2. 

4. 

Detemlne a.c.curacy of a single channel receiver in 
area navigation 

Determine accuracy of single channel receiver 1/4s 
Determine a~curacy of a si.,gle channel re~~iver and 
cycle rate at low signal levels for g~~·ll?ld based 
users .,,,.,/ 

/ 
/ 

Determine rotor modulation✓a-t'hcts _,.,,..,..,.~-
- - ------ ~~ _ Determin~ _ __gr.ound multipath effects 

SECONDARY OBJECTIVES 

1. Determine code and carrier r ate ,iiding requirements 

2. Determine accuracy of a single channel receiver with 
and without doppler information 

3. Determine acceptable antenna locations 

4. Determine reacquisition and channel sequencing 
capability 

TERTIARY OBJECTIVES 

1. Provide data to compare single channel performance 
versus NC-135A tests with 4 channel receiver 

2. Determine vibration and acoustic effect o.--i accuracy 
and sequencing 

3. Evaluate real time computer workload for code and 
carrier aiding (Option III) 

4. Determine data sample rate requirement for receipt 
of satellite ephemerides modulation 
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existing proce11or deaign doe■ not require the canputer. However, in the cue ot 

a new processor design, it mq be neceaaary to provide sane aort of code or carrie1 

aiding, but only as a coat-effective tradeotf of hardware, ■ottware, canputation 

speed, storage required, etc. These tradeotf1 are described in Section 9.1.3. 

Recommendations. There are two .promising candidate approaches to a single-channel 

receiver configuration suitable for the Army helicopter demnatration. One ap­

proach, considered because it promises a modest amount of meaningful teat data at 

minimal coat, consist■ of a GFE four-channel receiver modified to e.ccarmnodate the 

physical environment and the dynamic cbaracteriltica of a helicopter. The modifi­

cations conaiat of using different proce11or code and carrier loop bandwidths and 

different reacqui■ii:.icn ~rametera. It■ oi,eration ia such that the input signal 

to three of the proce■aor channels are di1&bled, while the fourth is being tracked . 

The code generators of the three quieacent channel■ are clocked at a nominal 10 

Mhz. The cycle time would be set to one ■econd per cycle. 

The second approach is to provide a new single-channel receiver with digital 
, 

processing in the code and carrier loop1_,/t1me-■hared and cycled among all four 
•• . - . ••• •• • - • ,,/T -- -· • •- - • • - • 

channel■ and four code gener tors, _driven by a common 10 MHz clock. The cycling h 

rapid enough (one millisecond per channel) for the output range and doppler data 

to appear "continuou■ly" at a rate of five aeta of data every second. Thia 

approach ha.a been selected and 11 reccmnended because it provides a significant 

advance in tracking loop technology and a representative prototype foi: an opera­

tional. receivl~r. Additional. advantl8e■ are that it would be amal.ler and cheaper 

than the four-channel system While providing canparable accuracy in a helicopter 

or ground-ba1ed user enviroment. 
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he ry of operation of the two reccmnended approaches are given in Section 
.1.2. e design details are presented in Section 9.1.4. The specifications 
or the two approaches are presented (along with specifications for the 4 channel 

receiver) in Table 9-3. 

e major design difference between the basic 4 channel receiver (utilized in 
the C-135 Fhase II tests) and both of the recanmended receiver options proposed 
for the helicopter demonstration is that the reacquisition circuitry is modified 
to account for signal dropouts only of the order of 1 to 2 seconds. The nature 
of the initial receiver design is to provide reacquisition capability fr a 
signal loss of about 5 seconds at an &ircra:f't speed of up to M2.5. The resulting 
range uncertainty is then of the order of 12,000 feet ( 120 chips). The reacquisi­
tion circuitry was therefore designed to step ahead by about 140 chips and the 
code searched at 2 millisecond intervals to a point 140 chips back in increments 
of ½ chip for a total of approximately 1.2 secc-nds. This provided an improvement 
of better than 2:1 over the acquisition time of the short code whose repetition 
period is 3.3 seconds. 

The analogous behavior of the proposed system 621B helicopter demonstration is that 
the position uncertainty due to helicopter velocity (200 fps) is 1000 feet a:f'ter 
5 seconds of a particular transmitter signal dropout. For the option I receiver, 
this would result in fa:nure to attain lock-up on that transmitter signal for 5 
successive search cycles. In order to search the 10 chip positions using the 
bandwidths and signal levels in the helicopter configuration there would have re­
qui red a much longer time interval than the 3.3 second short code period. In 
that t ime, t he helicopter would have covered a considerable portion of the flight 
r o ile so that the flight would neet to be repeated . Tl'le proposed system, 
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1 nal Senait1v1ty: 
For Trscl.1 'lb:Nahold 
Tor Meuura nt Accuracy 

C illt.nce 
Ant1- j • for I nput 

a1 nal &t - 130 dla 

Dat a S•pl.1ng R&te 

Table 9-3 Receiver Specification 
- Channel 

Re eiver 
Spec, Reqat. 

-143 dla 
-140 dbm 

6o db 

45 db 

5 1et1/cban/ aec 

4- 0-,annel 
Receiv r 

~rtora.ance 

-143 dla 
-lliO dla 

60 db 

1!5 db 

5 Hta/chan/ 1ec 

Modified 
4-Cbannel 
RKeinr 

l'llrfomance 

-138 dla 
•135 dla 

6o db 

45 db 

l aet/chan/■ec 

Dicital 
Sincle Channel 

~rfoJMDCe 

-143 dla 
-140 dla 

60 db 

45 db ( High level 
cv- Code 2 not 
included) 

5 Ht■/chan/Hc 

M u ur•ent Accuncy -140 dla -123 dla -135 dla -123 dla -140 dla -123 dla 

Standard Deviation, 
lo: 

Pseudo- Range 
( Ea. Cbanl ) 

Paeudo-Doppler 
( Ea . Cbanl ) Ft/Sec 

RCVD Sign&l Level 
( - 140 to -120), DB 

Meuurement Reaolution : 

Paeudo Rans•, Ft 

P■eudo Dopple r, 
Ft/Sec 

RCVD Signal Level , 
DB 

Mu Dynamics tor 
Meaauranent Accur■c1ea 

R, Ft/Sec 

R, Ft/sec2 

R, Ft/Sec3 

RCVR Tracking, 

·R, Ft/Sec3 

RF- I F Character1at1c1 

la• 5 rt. 

l • 0.5 tpa 

NS 

0.5 

0.05 

NS 

7000 

175 (Fighter ) 

0 

• 320 for 
0.1 HC 

Center Frequency, IOlz 1575 

Nohe, Figure, DB NS 

3 DB Bandwidth, MHz NS 

IAGC Action T1me, HC NS 

Inte:naediate Frec;uency 
MHz NS 

Local Oacillator, MHz NS 

Matched Filer Cliaracter11ticQ 
( -100 dl:a Initial ACQ aignal) 
Nlalber of 81 ti NS 

Procuaing Cain ( Realized) , DB NS 

Tuoe Accuracy, NS NS 

Sign&l to Thenu.l and 
Cornlation Nohe, DB NS 

P!-obab111ty of Detection NS 

NotH: M • Not Applicable 
lCi • Not Specified 
TBD • To lie Detemined During night Tut ■ 

4.48 

0.5 

0.05 

.:l.O 

7000 

175 

0 

320 for 
0.1 1ec 

1575 

5.5 

22 

10 

75 

1500 

225 

21.5 

12.5 

15, 5 

0 .99 

0.83 

0 .281 

0. 5 

0.05 

1.0 2.0 

0.35 0.28 

.!l.0 

0,5 0 . 5 

0 . 0 0 . 05 

.:l .O _!l . O 

200 

16 ( Helicopte r ) 

0 

.. 320 for 
0.1 aec 

1575 

5. 5 

22 

10 

75 

1500 

225 

21. 5 

12.5 

15.5 

0.99 

• 111!• rvc• biu error 1a for unproceued 1y1t• 6218 data, it can be 11ad1 
ncainally tero . 

5. 0 l.O 

0 .36 0 .28 

0.5 0.5 

0.05 0.05 

_!l.0 

4300 

16 ( Helicopter) 

0 

"' 320 

1575 

5.5 

22 

10 

75 

1500 

225 

21.5 

12. 5 

15.5 

0.99 

......._ _________________________________________ ~ 
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Table 9-3 Receiver Specitication (Co~tinued) 
li-Cbu~'1 li-Cbamel lbtltl.S Diptal 
llcelnr llcelnr li-Cbalulel Sl!llle Chumel. 

Spec.-.-. ,_rfomance lllcelnr ,-rfOIMllce 
1'9rro-• 

Curler ~QI 
p Cb&N,cterlltice ACQ TrecUna rn.11ency 

lltlaator 

Or4er ot Reepon1e 
llaDdv14tb ( SiQlle-814.S) IIS 211D 211D 3RD 211D 211D 

IIS 2.2 118 ll "'22 "' 56 
KHz Hz Hz 

Code Tnclltnc Loop 
Cbaracterletice 

Order ot lle■ponH NS 2ND 3RD 211D 2ND 
llan4width ( S1ncl~•S1ded), 
Ill Ill 250 1.4 .., ll "' l 

1-acqllleitton Ch&ncterllttca 

Sicn&l. Level , DIii (111n) -123 (!lot 

l tnclllded 4ue 
Muta1a Tiae to lle&cq11tre Prechion 2.7 HC to ■hort 
Lock When Sianal h PreHnt, Cbennel 4u.rat1on 
Sec Capability; night time. I 

Reacqlllre Data Sae u 
N\aber ot Bite Searched Tracking +140 obtained I modified 

) Lock during 
) 

4 channel 
Inc19ental Mt Search Without 1/2 tlight rer.eiver. 

Initial . teat■ vill 
Dl,ell at Each 81 t to1· Acquh1t1on 5.0 provide 
Carrier Traclltna Loop to Aid intoN&tion 
Actlllre Lock, MS!.C on 4urat1on 

or eignal 
Total Search Tillle 7-70 dropout■.) 
(Ad,111■table, Sec 

I 

Multipath Erfect1 NS TBD TBD TBD 

Rotor Modulation NS NA TBD rBD 

Digitizer Cbaracteriltica 

l'leu4o llange, 115 Coarae Fine Coar■e Fine CoarH Fine 
Bitl 

26 8 26 8 26 8 
l'leudo Doppler 

!IS 20 15 20 15 20 15 Bit1 

Standard Cloe.It, NS 25 25 25 
Bitl 

OutJ'<;t Data Rate NS 200 KHz 200 KIil 200 ltllz 
KHz 

Receiver Size, inch•• NS 10 X 14 1/2 X .lO X 14 1/2 X 10 X 14 X 

20 3/8 20 3/8 16 1/4 

Power Supply, tnche■ 113 9 X 14 X 13 5/8 9 X 14 X l3 5/8 9 X 14 X 13 5/8 

Receiver Weight, Lb . NS 82 82 TBD 

Power S11r,pl Weight, Lb 113 64 64 64 

l't'wr D111ipat1on, NS 4roi 4rot TBD 
Watt, (Leu ~wer Supply) 

9-8 



therefore employs the initial acquisitiori mode, on the short code in order to 

minimize the nP-cesai ty of repeated fiights. It ahould be pointed out that in 

an operational aituation, code and carrier aiding, on the order of that which 

could be provided by an air data system, could be uaed to reduce reacquisition 

time using reacquisition circuitry. However, as will be pointed out later , the 

modifications to the receiver to provide thia rate aiding were n~t considered 

as cost-effective at thia time and therefore ruled out for this program. 

For the option II receiver, the reacquisition capability is not i ncluded, at t his 

time, for the same reason as mentioned above. In order to implement the rate 

aiding, advant~e of an external canputer would be required. Although a good 

portion of the capability for such aiding is inherent in the digital natu c of 

this single cha.nn '.: l .. eceiver, no circuitry is provided to accept code and 

carrier aidi~ carmands. 

9.1.2 Theory of Operation 

Single Channel Receiver. The advant~e of fabricating a new receiver, including 

a new processor, is to provide a smaller receiver pack~e to perfonn only those 

functions required for the helicopter demonstration. This would be a prototype 

model for an operational receiver. 
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For t his receiver only one RF/IF function and only one matched filter is required. 

Since only one processor is required, the distribution unit is not necessary. 

Four code generators will be provided, all driven by a comnon clock. The self 

t est module will be redesigned to include t ests of the time-sharing, cycling and 

sequencing circuits. 

The output interface circuitry could h!Lve only one data line to sequentially trans- . 
mit the coarse and fine pseudo-range and pseudo doppler and the standard clock. 

The data acquisition subsystem presently accepts data on sepaJ•ate lines for coarse 

range, fine range, coarse doppler and fine doppler for each channel plus another 

line for the standard clock. To keep overall program costs down, the single-chan­

nel receiver will provide data on seventeen lines rather than one line to prevent 
modifications to the data acquisition instrumentation. 

The single-channel receiver consists of a newly designed chassis, processor and 

self-test circuits. The modules such as RF/IF, frequency source and frequency 

synt hesizer are similar or identical to those provided for the four-channel re­

ceiver. The maj or design differences in any new circuits are that they are de­

signed to meet the accuracy over the temperature range of o0 c to +55°c. The unit 
will be designed to operate at an ambient of up to +71°c without damage. 

An overall block die.gram of the receiver is shown in Figure 9 .. 1. It consists of 

the following modules: 

• RF/IF 

• Matched filter and driver 

• Frequency s~urce and synthesizer 

• Processor and channel sequencing 

• Code generator ( two modules) 
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e proceaaor uaea a code tracking loop and a doppler estimator ( rather the.n 

a carri1!r tracking loop). The code tracking loop ia a non-coherent ( envelope 

detection) correlator which haa the advantage of faster reacquisition and 

independent of a carrier phase. The processor is a hybrid analog-digital device 

time -shared among the four channels at a sampling interval of about one milli­

second per channel. When the loop is tracking, it operates as a sampled data 

servo system where an error signal is developed by the correlation of the input 

signal with a replica of the input signal contained in the ear}¥ and late gates 

of the code generator and correction signals applied digital}¥ and discretely 

to the phaae of the code generator clock at the beginning of each sample period. 

The phase correction is determined by digital logic representing the mathematical 

calculations of digital equivalents to bandpass and low pass filters. Although 

there is on}¥ one set of arithmetic registers to perform the digital processing, 

there are four storage registers for the filter integrators, one for each of the 

four channels, which are retrieved and updated at each sampfo time for each chan­

nel. 

The 10 MHz clock which feeds all channels has time-shared phase control circuitry 

which is switched to each channel in sequence. The phase selection is digitally 

controlled by the counting of the number of cycles of the 10 MHz and the 10.05 MHz 

clocks where the difference in time is in 0.5 nanosecond increments. The count of 

the number of cycles of the 10 MHz clock gives a selectable phase displacement of 

0.5 nanoseconds up to a maximum of 100 nanoseconds. The signal which is thus ob­

t ained occurs at the difference frequency of 50 KHz, corresponding to a 20-µs period. 

This signal is used to synchronize an LC oscillator which provides the phase­

displaced 10 MHz clock to drive the code generator. 
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uring the channel oft-time (3 of 4 milliseconds), the standard clock is used to 
i ncrement the code generators. 

The "carrier loop" for the helicopter application is reduced to circuitry for the 

est imation of the carrier doppler frequency. Thia is possible because the non­

coherent nature of the code loop eliminates the code loop dependence on carrier 

phase. Therefore, as long as tu frequency uncertainty in the received code signal 
is within the capability of the code loop design , there is no need to utilize a 

closed carrier loop. 

The principle of operation is as follows. Assuming a condition of code tracking , 
t he function of the doppler circuits is to estimate the doppler t o about 0.3 Hz 

(0.2 f'ps) for each of the f'our channels. To do this, narrow-band, integrated cir­
cuit, phaRc-locked loops (PLL) are provided to develop noise-free replicas of the 
received carrier. The input signal to each loop consists of the received signal 

modulated (correlated) by the standard clock of 15 MHz (obtained fran the frequency 
synthesizer) whi.r.h is modulated by the selected code. The ~ode is selected fran 
one of the four generators at the channel sequencing interval of four milliseconds. 
Dur ing the one millisecond dwell time on each channel, the selected PLL is updated 
by the incaning signal. The output of the PLL is then a noise-free replica of the 
incaning signal that is continuously available. 

The next step is to determine the frequency of each carrier to provide the data 

from which doppler will be obtained. There are several means of implementing the 
frequency counters in order to obt ain a measure of the doppler. The techniqu":! 
selected i s that employed in the basic 621B four-channel receiver. It consists of 
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pler counting circuits which count the number of cycles of & signal of approxi-

a ely 125 KHz occurring in a specified interval of about 50 milliseconds or 100 

milliseconds. This gives & number which is defi11ed as the "coarse doppler." 

The "fine doppler" is determined by a count of the 10 MHz clock pulses proport_ional 

to th fractional portion of a cycle of t he 125 KHz signal required to complet·e the 

50 or 100 millisecond doppler interval. 

The doppler data is obtained on all four channels, sequentially, thereby requiring 

0 . 2 seconds ( 4 x 50 msec) or 0. 4 seconds ( 4 x 100 msec) of real t 1me. The doppler 

sample for any specific channel will be the average value for the 50 or 100 milli ­

.:; : cond time period immediately preceding the readout transfer signal. 

The code generator modules are two identical modules, each of which contain two 

identical 25-stage code generators similar to those contained in the four-channel 

receivers. 

Modifien GFE Receiver. If the existing processors are used, the input signals 

can be switched in and out based on the channel sequencing rate. At any one time, 

one channel will be enabled and tracking while the other three will be disabled 

and free-running. Preliminary studies have indicated that a channel sequencing 

rate of 1 second for a complete cycle is a reasonable figure to achieve at signal 

levels down to -135 dBm. The :functioning of the system is such that all channels 

would be initially synchronized by the power boost/matched filter technique as 

used in the basic Phase II tests. The initial synchronization portion will take 

a maximum of 3 seconds for the first channel and 3 more seconds for the remaining 

channels. The only operational restriction during this period is straight and 

level flight. 
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er the interval. of initial synchronization, the receiver ii automatically 

switched to the normal channel sequencing program. The sequencing ia such that 

each channel 11 switched into the input line for a dwell interval of 0.25 seconds . 
. This permits a doppler counting interval of at leut 0.05 ■econdl, giving about 

0.20 seconds for the loop to recover from phue and. t'requency transients in both 

the code and carrier loops. 'l'he an&ly1i1 of the performance of the loops due to 

noise and acceleration is treated. in the section on dynamic loop perform8'1ce. 

At t he end of the 0.25-aecond sampling interval, the peeudo-range, p■eudo-doppler 

ani standard clock readings a.re sampled and provided for output to the in■trumenta­

tion system. The next channel in sequence is then selected and the stabilization 

process repeated. 

When signal is lost due to antenna shadowing, the processor channel may not be suf­

ficiently stabilized to indicate l oop lock. The output information 1a then in 

error and a bit indicating out-of-lock is recorded in the instrumentation system. 

If this situation continues for several seconds, an initial acquisition mode is 

activated for the out-of-lock processor. The indication of repeated out-of-lock 

occurrences will be automatically obtained for each channel. 

Since the initial acquisition mode can be activated at any time during the flight 

p1'0file, it is necessary that the three remaining channels cont inue to be aequenced 

at about the 1 second interval while the fourth is awaiting the power boosted 

short code signal. This can be acccmpliahed by transmitter timing adjustment on 

a daily basis so 'i..hat the short codes fran each are spaced approximately 0.8 

seconds. The initial acquisition program of the receiver ii 10 arranged that 

the o.8 second interval is divided into three 0.25 aecond sub-intervals which 
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uaed for channel aequencing of tlu'ee channels. Thia provide• adequate time 
f r maintaining track on the three channels plua a safety factor of 50 milliaeconds 
(at a clock stability of 1 part in 108, the daily drift is only 1 millisecond). 
At the time of receipt of the last sync pulse, the channel sequencing program 
reverts to the no1111al sequencing of 4 channels eveey second. There are no fiight 
constraints required for this initial acquisition mode. 

9.1.3 System Analysis 

Operational Signal Power Level. To design an operational processor, the received 
power level must be used to detel11line t he processor parameters. There are two, 
different, major considerations for the helicopter demonstration program depending 
on the receiver Options I and II defined i n Section 8. The consideration for 
Option I is to perfonn only those modifications which ar<J cost-eff ective in te1111s 
of obtaining meaningful data on a single channel receiver. Using the specifications 
for the 4-channel receiver (defined in reference 1) as a baseline it is our design 
objective to meet the ranging accuracy of crr = 5 feet at a signal level of -140 dbm 
and to maintain lock at a signal level of -143 dbn. It is shown later in this 
section that by perfonning relatively minor modifications to the 4-channel receiver 
processors a perfon:uance accuracy of crr = 7 feet can be obtained at a signal 
level of -135 dbm. While not rigorously analyzed, it is expected that tracking 
will be lost at a signal level of approximately -138 dbm. Despite the fact that 
this perfonnance is sanewhat short of the 4-channel receiver requirements, the 
test and demonstration program will provide meaningful data on the sequencing 
perfonnance in a helicopter enviromnent. To improve the perfonnance to the point 
of the 4-channel requirements woulrl require major changes in both the receiver 
and related flight equipnent. Foremost among the changes would be the need for 
code and carrier loop aiding - either internal to the receiver or external by 
means of a canp.iter. As it is recognized that the largest contributor to the 



uracy and cycle time perfomance ii the doppler unc-,rtainty and the number of 
cod positions to be searched the 4-channel perfomance could be achieved by 
requiring only code sen.rching at 3 placea (!' 50 feet and 0) for 50 millisec at 
each position a.nd the · doppler uncertainty reduced to about 40 fps. While this 
l.lodification ia not propoaed, it ia ■till possible t o perfo:nn the modification at 
sane future time. 

The next consideration is that of the Option II receiver. It is shown later in 
this section that an accuracy of ar • 5 rt ca.n be obtained at a signal level 
of -140 dbn, which matches the requirements of the four-channel receiver - but 
only for accelerations of the order of lg (canpared to 6 g) and for velocities 
of the order of 4000 f:pa ( rather than 7000 fps) . 

The relationship of received signal level difference of frcm 143 dbm to -123 dbm 
(for the specification requirement of the 4-channel receiver) to the effect of a 
jungle canopy (foliage penetration) has been given in the classified ref~rence [ 2]. 
The relationship is given in te:nn~ of elevation angle of the satellite and tne 
distance the RF energy must penetrate. 

The Army is interested in airborne (light aircraft or helicopter), vehicular-
mounted (truck, tank or jeep), seaborne (patrol boats or air cushion), and manpack 
users. Operations m~ be in and around jungle canopies, so that the received 
aignals m~ be attenuated to sane degree. Most operators in that environment will 
be for the case when user motion is small, if not stationary. It is reasonable, 
therefore, to expect that a tradeoff can be made of cycle time versus signal level 
for the single-channel receiver. When user motion is slight, there is no need for 
rapid update cycles. This provides two benefits: The range uncertainty io reduced, 
thus reducing the number of code positions to be searched; The loop bandwidths can 
be narrowed to increase the signal to noise improvement ratio (processing gain). 
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~e considerations, when related to the two selected receiver approaches, result 

in two different technical solutions. In the case of the new single-channel re­

ceiver containing a time-shared digital processor, the sampling rate is rapid 

enough ( four milliseconds) that the code and frequency uncertainty is so small 

that no special search techniques are necessary. The processor acts as a sampled 

data system to provide range outputs at up to five samples per second and doppler 

outputs of two samples per second. The loop bandwidth's are designed to providEJ 

the tracking accuracy offr_ = 5 :f't at -140 dbm. r 

On the other hand, in order to use a time-shared analog processor similar to that 

provided in the four-channel receiver, variable band.widths and dwell times based 

on signal ·1evel are needed. While it is not proposed to incorporate such intel­

ligence into the modification of the GFE receiver, it poses no serious problems 

to implement in an operational receiver. The proposed option (the modified four­

channel receiver) will have the capability of a one-second sample interval at a 

signal level of -135 dbm. This gives a range accuracy of 7 feet (one sigma). 

In order to provide the processor with the cap~bility of operation at -140 dbm, 

the loop bandwidths must be narrowed by about a factor of 10 to improve the signal. 

to noise ratio. This has the effect of increasing the decision ti.me, but if the 

number of code search positions is reduced as a result of low user motion, the 

cycle time could only increase to s~y 5 seconds (rather than 10 seconds). 

If the doppler were known to 0.5 f'ps, then the position information obtained by 

dead reckoning to advance the three range and range rate measurements for up to 

5 seconds introduces a resulting position error of 0.5 f'ps x 5 sec= 2.5 :f't .• This 

is ~ite reasonable for the helicopter application. Therefore, the modified re­

ceiver which could be provided as one option will have the capability of a fixed 
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ycle time of 1 second determined by a signal level of -135 dbm. (The unit could 

be rurther modified at a later time to have an adaptable bandwidth baaed on sig­

nal level with an adaptable aample rate). The digital 11ngle channel receiver 

with a 4 ms sample rate will have the capability of maintaining lock at -140 dbm. 

!)oppler and Phase Prediction Requirements. These paragraphs present the results 

of a study to determine the requirements for prediction of the doppler (frequency) 

and phase of both the carrier and code correlators. This study was performed 

to establish an optimum relationship between sample interval, vehicle motion (ac­

celeration and velocity), accuracy, and jitter errors . The 13tudy was performed 

for the two baste loops, the carrier loop lllld the code loop. 

Carrier wop Frequency and Phase Prediction. In order to maintain accurate carrier 

loop tracking, it is necessary to extrapolate carrier frequency and pr ase over the 

time interval. that the other channels are being tracked. The prediction bf carrier 

phase will minimize the phase noise injected i11to a coherent code loop and will 

assure rapid carrier loop stabilization and settling. An ana.l.ysis was performed 

to determine the accuracy with which both the phase and fre ::iuency can be predicted 

based on the system accuracies, sampling interval, vehicle motion and satellite 

motion. The results of the analysis are presented here for the case of helicopter 

motion. The performance of an operational system has been qualitatively extrapo­

lated from these results. 

For the demnstration program, the helicopter wi ll have a maximum speed of 120 kt 

(2~ f'ps) and it is assumed that the maximum acceleration will be 0.5g. The demon­

stration set-up will use transmitters whose oscillators are periodically adjusted 
8 to maintain about one part in 10 or about 16 Hz for a carrier frequency of 1. 6 GHz. 

The doppler frequency corresponding t o 200 f'ps is 300 Hz at the carrier of 1.6 GHz. 
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navi a ion system where accelerations are not instrumented, such as in a 

eli per, light aircraft, ground vehicle or manpack, the best estimate of future 

velocity is merely the value of velocity at the prior sample interval. Therefore, 

or this analysis, it is assumed that the velocity will persist for the duration 

between samples. It will be shown .1.ater that in some cases the position and velo­

city errors due to accelerat!ons are quite small. 

To determine the phase uncer1;ainty in the carrier at the beginning of a sample 

interval, assume that the velocity information is known precisely at the conclusion 

of the prior sample interval. If the sequencing interval is 1 second, thP.n each 

channel is apportioned 0.25 secs giving a total off-time for the channel being 

considered of 0.75 seconds. At the maximum acceleration of 0.5g the helic~pter 

could deviate by 1/2 x 16 x ( c. 75)2 = 4. 5 ft during the off time. At a cartier 

wavelength of 0.67 ft (1.6 GHz), this corresponds to almost 7 RF cycles. Obviously 

it is to no avail to attempt to predict the carrier phase. 

On the other hand, if the cycle time were of the order of 30 milliseconds rather 

than 1 second, then the position deviation due to acceleration becomes 1/2 x 16 x 

(22.5 millisec)2 
= 2° of phase ch3.!lge of the carrier. In this case, it appears 

feasible to predict the carrier phase. 

When no acceleraticns are experienced, then the error in measured doppler becomes 

dominant. If the sample interval is 1 second and the doppler. error is about o. 5 
0 HZ , then the phase difference is 0.375 cycles or 135. At a sample interval of 

30 ruilliseconds, the phase difference is 0.01125 cycles or about 4°. This is still 

a reasonable value to accept for predicti~n at the high sample rate of 33 samples 

r econd. 
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'nl above discua■ion conaidered a system wherein t doppler data ma each chl!lllDel 

wu aeuured, stored, and used to predict the ptiue di.tt'erence at succeeding sample 

times in order to minimize the phase transient. It vu shown that such a technique 

is truittul only at a h18}1 smaple rate. It this technique is employed, it will 

provide the required capability of measuring, storing, and using the large veloci­

ties of the order of ±4000 tps to be encountered in an operationa.1 environment with 

actua.l satellites. 

In the proposed approach to a single-chamiel receiver it is proposed that the code 

loop be implemented by an envelope correl ator. This approach eliminates the depend­

ence of the code loop on carrier phase, thereby elilllinating the need for an accur­

ate carrier phase lock loop. Since carrier doppler information is required, a sim­

ple way to implement the doppler estimator is employed which uses a time-shared 

doppler digitizer similar to the one provided in the processors of the 4 channel 

receiver. The tec..lllique is discussed in Section 9.1.4. 

Code loop Frequency and Riase Prediction. The sampling technique considered for 

the code tracking loop is to sequence through each of the four channels and measure 

the phase error during the dwell period on each channel. The measure is applied 

to time-shared filters in such a wa;y as to reduce the error on successive sample 

intervals. There are two ramifications of such a technique, depending on the 

sampling rate (high or low) and the means of developing the control signal to 

drive the error to zero. In the case of the conventional ans.log loops and a cycle 

time of the order of one second, the control filter has sufficient time (0.25 

seconds) to drive the error to near zero during the dwell time. Depending on t he 

initia.l (transient) phase error, the transient response could be made to give an 

accurate estimate of the code phase at the end of the sampling interval. 
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high sampl~ rate (4 millisecond) digital tracking loop, the phase tren­

ien s from sample to sample will be very sm&.11. Thus, the phase corrections 

o the controlled oscillator can be made one sample period later, provided loop 

s ability is maintained and the dwell time is long enough to aver~e the effect 

of input noise. 

Low S&--nple Rate Systems. Assume for the present discussion that the cycle interval 

is 1 se~ond giving 0.25 seconds dwell time for each channel and an off time of 

0.75 seconds for each channel. There are four possible processing concepts which 

can be considered for this application with respect to initial conditions at the 

time of switching. 

Alternative A uses four code generators, each driven at the nominal rate of 10 MHz. 

The phase of the code generator at the time of switching is uncontrolled so that 

the loop must recover from a maximum phase transient within the 0.25 second dwell 

interval, including any code searching due to the effects of vehicle and satellite 

motion. For the case of the helicopter demonstration, the maximum velocity to be 

encountered is 200 f'ps. Assuming perfect tracking at the end of the prior sample 

interval, the maximum range uncertainty after 0.75 seconds is (0.75 x 200) = 150 

feet. Since chip length is 100 ft, there could result an uncertainty of ± 1½ code 

positions. Therefore, the processor must automatically initiate a search-to ex­

plore the code cross correlation at 7 one-half bit positior.s ( ±150, ±100, ±50, O). 

It will be shown that this can be accomplished at received signal levels of 

about -135 dbm. 

The effect of code doppler will now be investigated. The ratio of carrier fre­

quency (1 . 6 Ghz) to code frequency (10 MHz) is 160 so that the doppler of 300 Hz 

a 1. 6 GHz corresponds to 1. 9 Hz &. ., the code rate. 'l'his represents a frequency 



difference ot one part in five ( 5) million. Assuming the sample interval is 
di ided into 7 intervals of 20 milliseconds each and one doppler and tracking 
interval of 110 milliseconds, the number of code bits which are clocked at 10 MHz 
a.re 20,000 per code search position. For a constant frequency difference between 
the local clock and the transmitted clock of one part in 5 million, the code error 

6 ' at the end of the sample interval is 20,000/(5 x 10) = o.oo4 cycles of the code 
or 0.4 ft of range error. This will be interpreted by the processor as a range 
error of 0.2 rt, which is clearly insignificant. 

In this approach the velocity term in the loop integrators is left to assume the 
correct value without any prior intormatiun due to the fact that a number of code 
positions must be searched. In the next approach, the code phase is advanced or 
retarded at the beginning of the sample interval . to account for the position error 
due to motion, but the carrier loop integrator is reset to zero. (In alternate c, 

.,., the performance can be improved by retaining velocity information of the carrier 
loop to initially set the integrator initial condition to the last knoW!l val~~ l_n 
alternat:i.ve D, the bandwidth of the loops a.re switched to reduce the required 
search time and still retain acceptable accuracy. ) 

In alternative B, use is made of the last known doppler in order to eliminate the 
requirement for code position searches. There are two ways in which this can be 
done: The code generator can be run at the naninal 10 MHz rate plus the last known 

doppler; the code generator can be advanced: or retarded discretely at the beginning 
of the next sample interval. 

If doppler is known to say o. 5 Hz, then the residual error is o. 375 ft at the 
beginning of the sample interval. This is clearly insignificant. However, the majo:r 
error caues fran the position deviation due to vehicle acceleration. For the case 
of the helicopter maximum acceleration of 0.5 g, the position error canes to 
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1/ 2 x 16 f'ps2 x 0.752) = 4.5 tt. This error fells within the operating range of 

the l oop and is adequately handled. Since code searching is not required, the 

entire 0.25 seconds ot dwell is available tor loop settling, tracking, and dopple1· 

counting. The effect of code doppler 11 automatically taken into account due to 

the long dwell time, thus givi."lg adequate time tor the velocity integrator to 

assume the correct value. The major disadvantage with this approach is that it 

requires an oscillator (with memory) for each code generator, thus making this 

single channel receiver more like a four-channel receiver. 

If the measurement of vehicle motion is uoed to advance or retard the phase of the 

code generator while using a common oscillator, only one oscillator s required 

for all code generators. This can be accomplished by using multi-state phase 

selection logic which selects the hase of a counted down clock in accordance with 

a stored value of last measured velocity. For example, an oscillator at 40 MHz 

could have 8 selectable phases when counted down to 10 MHz. 

This approach works only when the total range uncertainty is less t han 1 chip. 

If the uncertainty is greater than 1 chip, then the clock must be speeded up or 

slowed down until the ~ode is in the correct position. This can be readily ac­

complished by running the code generator at 3-1/3 MHz or 5 MHz for several 

clock periods depending on the last measured velocity. This operat ion will re­

duce the uncertainty to about± 50 tt, and the multi-phase clock (:Ould further 

reduce it to about± 6 f't. For this case velocity need not be known too accur­

at ely (only 6 t'ps out o!' 200 fps or approximately 5 bits of digital data). There­

fore, 5 bits of storage for each channel, plus gating for the fast or slow clock 

and the selection of one of 8 phases would be required. 

In e ch of the above two cases, the code loop integrator is initially set to zero. 
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r h e ases, t he range accuracy is a function of the actual code doppler and 

he differ nee between the local oscillator and the transmitter oscillator. The 

per formance can be improved by storing the velocity value for each channel and 

resetting the carrier loop integrator to that value. 

I 

In alternative c, the loop integrator is reset to the con1ition it had at the end 

of the prevlous sample interval. Thia has the effect of reducing the initial 

transient thereby allowing the loop t o stabilize much more quickly. The only 

disadvantage to th is approach is that the analog circuits require setting and re­

setting to specific values. This induces severe switching requirements because 

of the relatively large values of capacitance . Furthermore, if the signals are 

stored as digital values, then A/D and D/A converters are required. Although 

t he performance is better than the former approach, t he circuit complexity may be 

such as to discourage implementation . 

In alternative D, the bandwidths of both the code and carrier loops are lncreased 

during the search period and are decreased t u a narrow bandwidth for improved 

accuracy during tracking. Th ompromise to system performance for this approach 

is an occasional false 1 ck indication due to noise present in the wide search 

bandwidth. It is expected that this will occur only of the order of 1 per cent and 

the only detr1.mental effect is to waste an occasional 20 millisecond dwell interval 

while still being able to detect lock during the remainder of the apportioned 

sample interval. Alternative Dis proposed as Option I (Section 8). 

High Sample Rate Systems. The main advantage to a high sample rate system, of the 

order of 1 to 50 millisecond il,tervals, is t hat the range and doppler data output 

appears to be continuous t hereby permitting posit ion fixes to be made at the high 

rate. T'nis has the secondary effect of providiJ.1g a sufficiently high date. rate 
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used to sense vehicle accelerations. 

Assuming a sample interval of 30 milliseconds, the total off time is 22.5 milli­

seconds. The position deviation due to acceleration is only (1/2 x 16 x (22.5 x 

10-3)2 = 0.004 rt, and the position uncertainty due to vehicle motion is 200 fps 

x 22 . 5 mE lisec) = 4. 5 :f't. This moount of uncertainty does not impose any sort 

of code generator clock speedup or slow down because the next aemple time al~a.ys 

occurs within one chip. However, for actue.l satellite doppler of ±4000 fps, the 

uncertainty will come to (4000 x 22.5 ms)= 90 :f't. Because this is a slowly vary­

ing val~e , it could be stored as a digital value a:f'ter initial acquisition is 

achieved. It would be subsequently updated by the effect of the digital filtering 

and always maintain the correct value. 

Channel Sequencing Analysis (Analog Processor). One of the proposed approaches to 

the helicopter demonstration receiver is to modify an existing four-channel re­

ceiver to act as a single-channel recei,,er by disabling three processors in se­

quence at the desired sample rate. For optimal performance the processor band­

widths and reacquisition circuits must be changed. This section prese.1ts an analy­

sis of the required bandwidths and the receiver performance to be expect~d in the 

helicopter tests. The mode of operation is that each •hennel is selected for 

tracking at an interval of one second. This provides 250 milliseconds during which 

the processor will search, acquire, settle and determine doppler. The time allot­

ted for doppler counting is 100 milliseconds (as with the four-channel receiver) 

leaving 150 mil liseconds for search end acquire. The code position uncertainty 

which determines search time will be computed. 

The helicopter to be used in the demonstration has a maximum speed of 120 kt ( 200 

ft per second). During the channel off-time of 750 milliseconds, the range error 
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1n roduced is 150 rt. Assuming (for this GFE receiver) that no code 

loop velocity aiding is available, then the processor must search a range 

uncertainty of :+:150 tt. This will be done 1n 50-rt increments ( 1/2 bit length) 

so that a search at 7 code positions will assure a high probability of code 

acquisition. Since the allowable time is 150 milliseconds, the search at each 

position ca..'1'1 take no longer than 150/7 = 21.4 milliseconds. (In an operational 

system, the satellite motion of about ± 4000 t't per second will be measured and 

the velocity used to advance or retard the code generator.) This function will 

be accomplished discretely by storing a digital value of the -doppler signal of 

about 7 bits (I.SB= 32 fps) per channel and using the count to gate a clock into 

the code generator for the prescribed time or slipping back in time for the pre­

scribed time. For example, assume a doppler measure of +3200 t't per second. 

This would be stored as the binary equivalent of 100. If the fast clock is at 

13.3 MHz, the difference code rate is 3.3 MHz. In 3/4 second, the .range will have 

changed by 3/4 x 3200 = 2400 t't, so that the fast clock must run for 2400/100 :rt x 

1/3.3 MHz = 7 .?,seconds. The clock count of 100 w1.ll be obtained in the 7 .~ec­

onds, so that the velocity code aiding counter is operating at a reasonab1e rate of 

14 MHz (100/7.2 useconds). 

The relationship between signal power, loop bandwidth, accuracy and. pull-in time 

will be determined as follows. The total time to dwell at a specific code position 

in order to determine that synchronism (tracking) is achieved, is the sum of the 

time for carrier acquisition due to doppler (t doppler), the time for carrier sta­

bilization ( t carrier), the time for sync decision ( t sync.), and the time for code 

settling ( t code). The equations for these quantities are: 
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where f = 1.6 GHz 
0 

vc = velocity uncertainty (200 t'ps) 

C = 1 X 109 t'ps 

,r.; = 2 :o Ti(ft)= 0,7<171"; 

where Ti= doppler interval (100 msec) 

rv = standard deviation of velocity error 

P8/N0 = 1/2 ~o 

P = received signa.l power level 

N -•168. 5 dbm/hz (for noise figure of 5. 5 db) 
0 , 

t carrier= • --~ ,; ,../~ 
t sync= 5 t carrier 

wherefl'; is standard deviation of range error 

A parametric study was performed to arrive at the signa.l power compatible with the 

r equired 21.4 millisecond dwell interval. The results are presented below: 

1. Assume code loop phase error of fi;. = 25 f't 

Then 
PS 5000 

t code x N = ~ = 8.o 
0 
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. Assume velocity error of 

r:: = 1 fps V 

o., = 0.707 

Then 

i EA 1 t carr er x No = ... ( ....,_ 7...,.(11...,)....,.2 = 2.0 

3. t sync x P s = 5 x 2 = 10. 0 
N 

0 

4. Assume velocity uncertainty is 200 fps 

Then -/: f'"c~•~1 .. ~1/,ll#t)~ J-,,,., • •• , .... ,s. /,-,.), 

~ ~ 7.'lar;c~•' ~ti.,,,.,.. .,c !L ~ 
,.,,. (A,/,,,.)._. 

p 5. The following table gives the value oft doppler x Ns for various repre-
o sentative values of input signal. 

Input Signal p /N p 
t doppler x _,! S 0 

N 
0 

-125 dbm 40.5 db 0.03 
-130 dbm 35.5 db 0.28 
-135 dbm 30.5 db 2.82 
-140 dbm 25. 5 db 28.20 

6. The following table gives the total time to dwell at each code position: 
p p 

T Input :, 
+ t carrier + t sync + t doppler) x N s = T x N 8 "t code 

(millisec) Signal 
0 0 

-125 8.o 2.0 10.0 0.03 20.03 . 1.8 -130 8.o 2.0 10.0 0.28 20.28 5.7 -135 8.c 2.0 10.0 2.82 22.82 20.4 -140 8.o 2.0 10.0 28.20 48.20 136.0 
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I is readily seen that the required dwell interval of 21.4 millisec can be ob­
t ained at a signal level of -135 dbm. 

The loop bandwidths and the transient performance will now be determined. 

7. The carrier and code loop bandwidths during acquisition a.re given by: 

BL carrier 

For tracking the bandwidths a.re ( a.t -135 dbm): 

BL carrier = 22.4 hz (for,; = 0.2 fps) 

= 11.2 hz (for/I:= 7 :rt) r 

In order to accomplish this processing, a. fa.st code clock is applied to the code 
genera.tor for about O.~ec which advances the code by 150 f't. The processor is 
permitted to dwell for 20 milliseconds. If no sync decision is obtained at that 
time, the code is slipped by 1/2 bit and the processor will dwell for another 20 
milliseconds. If an in-sync decision is not reached by the t ime the next channel 
is selected, a. count is incremented. This count is accumulated to a. maximum of 
8 at which time an indicator is activated to alert the pilot to initiate matched 
filter sync. 

When a. sync is detected a.t the end of a. 20 millisecond dwell interval, the loop 
bandwidths a.re reduced to improve tracking accuracy and prepare for doppler count­
ing . Depending en whether the range is decreas.ing or increasing, the processor 
could acquire the signal. fran 20 milliseconds to 140 milliseconds after the 
beginning of the sample interval, thereby giving bet ween 230 and 110 milliseconds 
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for aettling and tracking. The following table gives the residual phase tranaient 

error at the end of 250 millisecond sample interval. depending on relative range 

rate, for an initial worat case tranaient error of 50 tt and g :rps: 

Range Rate 
(rps) 

200 

.! 150 

~ ~100 
0 !! 50 
~ 

0 

~ 50 
of"i ' 

~ 11 100 

~ I 150 
~ 

H 200 

Remaining 
Settling 

Time 
(ms) 

230 

230 

210 

190 

170 

170 

150 

130 

110 

Residual 
Phase 
Error 
(t't) 

1.2 

1.2 

4.8 
5.5 

7.4 
7.4 
9.3 

11.6 

16.5 

Residual 
Doppler 
Error 
(t'ps) 

0.01 

0.01 

0.02 

0.03 

0.05 

0.05 

o.crr 
0.12 

0.17 

8. When the signal level is at -130 dBm, the range standard deviation error 

reduces to 4.o ft (from 7.0 ft) and the transient error ia reduced to 1/2 of that 

given above. 

9. It is interesting to observe the effect of a lower noise figure. An 

analysis was performed at a noise figure of 3. 5 db. It was determined that al­

though the required dwell time at -135 dbm was about 10 milliseconds ( compared 

to 20 milliseconds), that the required 20 milliseconds was obtained at about 

-137 dbm. Therefore, for the helicopter demonstration, it is not necessary to 

utilize a better front end with a low n ise figure. 

Coherent and Non-Coherent Correlati~. The code control loop used in the code 

search can be implemented either by a phase-coherent or a non-phase-coherent loop. 

The system utilizing the phase-coherent approach incorporate■ a phue-loclted loop. 
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he non-coherent approach, a fixed-frequency local C'IScillator is used to demod­

ula e the input carrier. Bandpass filters having a bandwidth wide enough to accommo­

ate the frequency uncertainty between the received signal and the reference signal 

m st then be used preceding the envelope detectors. 

At relatively high signal-to-noise ratios the performance of these two implementa­

tions is virtually identical; thereby favoring the non-coherent approach since it 

is simpler to implement. However, as the signal-to-noise ratio decreases and/or as 

the frequency uncertainty increases, the ~erformance or the non-coherent loop de­

creases rapidly due to the suppression effects in the envelope detectors. High 

performance under these conditions can be maintained only by the use of a phase­

coherent system. 

Both t he coherent and non-coherent loops discussed above can be implemented by 

either analog or digital means. 'Ille analog approach utilizes lumped elements 

within the loop and a VCO. In the digital approach, filtering operations a.re 

replaced by sampling, A/D conversion, and weighted summing. 'Ille VCO can be re­

placed by a fixed-frequency clock with an adjustable time base. 'Ille error signal 

output from the loop is used to select and switch between the various time bases. 

Tte performance of the digital loop will be deteriorated somewhat with respect to 

the analog implementation due to the various quantizing effects present in both 

amplitude and timing. However, the relative simplicity of this imphmentation 

makes the digital approach attractive. 
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The advantage of a non-coherent (envelope) correlator for the code tracking l oop 

is that it peimits a simple carrier detection mean■ because the code loop 11 

independent of carrier phase. Since high carrier phase accurecy 11 not required, 

a phase lock loop is not necessary. If a noise free replica of the carrier is 

developed for each channel, doppler can be estimated by one of several techniques. 

This section c~ntains an analysis of the parameters wh~ch are required for a non­

coherent code loop. The discussion included here takes into account the operation­

al parameters of satellite motion so that any ensuing design can serve as a rea:L­

istic prototype for an operational system. 

The signal input to the code loop consists of a carrier phase modulated by a PN 

code. This signal is correlated with early and late signals obtained from a 

local code generator modulating a convenient carrier. The resulting signals are 

applied to bandpass amplifiers of bandwidth, sufficient to cover the frequenc~ · 

uncertainty, and then processed either with digital or analog circuitry. 

The functions to be performed are narrowband filtering, envelope detection, 

summation and integration. 

The bandwidth of the pre-detection filter will now be determined. Assuming a 

6 frequency accuracy of the satellite and user oscillator of 1 part in 10 , the 

worst case frequency difference is± 2 x 1 x 10-6 x 1.6 x 109 Hz= ± 3.2 KHz. 

The satellite motion is a maximum of ± 4000 f'ps (± 6.4 KHz) and the user motion 

is assumed to be ± 300 ( 48o Hz) f'ps. The total frequency uncertal. nty is a. worst 

case maximum of ± 10.1 KHz. Therefore a bandwidth of 20 KHz would encompass this 

uncertainty. The center frequency is unimportant, c ·~cept that it should be low 
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enough to permit reasonable A/D conversion end sampling rates it digital process­
ing is to be performed, and high enough to avoid spectrum fold-over. 

Assuming that the system muat operate at a signal level of -140 d.Blll, the band­
width of the narrowband filter can be determined. Thermal noise has a value of 
-174 dBm/Hz which increases to -168.5 din/Hz for a noise figure of 5.5 dB. The 
signal to noise density ratio is +28. 5 dB-Hz at a signal level of -140 dBm. The 
envelope detector must have an SNR of +6 dB to operate satisfactorily so that 
the bandwidth must 'b-e less than 22.5 dB (28.5db - 6db). 'Ibis corresponds to a band­
width of 18o Hz ( ±90 Hz). 

The response time of this filter is about 10 milliseconds, and in time-sharing 
this filter, one would need to wait about 30 milliseconds for past history to 
subside. This indicates that the shortest cycle interval is of the order of 120 
milliseconds. As will be shown later, this sequencing rate is inadequate for a 
good processor design. If the filter is implemented by digital techniques and 
storage for each channel provided as digital data, then the response time does not 
affect the time-sharing rate. Therefore the recommended approach is to perform 
digital processing for the narrow band filter, envelope detector and loop inte­
grators. The proposed· configuration is given in Section 9.1.4. 

Accuracy Anal.ya is (Digital loop) . An anal.ya i s of the digital envelope correlator 
was performed and the results are included herein. There are three major areas of 
cons ideration for the accuracy analysis. One is the theoretical performance of 
a hypothetical non-coherent tracking loop as compared with a coherent loop; an­
other is the quantization effect introduced by the A/D converters and the d gital 
computations for the filters; and the third is the quantization effect of the dis­
crete phase selection circuitry. These areas are discussed in the following para­
graphs . 



The error equation• tor the code loop outpits are lilted below for both the 
coherent and non-coherent approaches: 

r; C&) • ~••/.J!llllll.~-~-------F••~ 
L,4./,-,e 

,;.r~• ~-/>, &•, 1 •• t-
"• ,;,,.,_ ~ ~ A-~ 

where rr ia the atand&rd deviation ot range error 

Bx, ii the loop bandwidth . 
Ps/N is the sign&l. to noi■e denaity ratio 0 ' 

B1 is the predetector filter bandwidth 

When these equations are evaluated at a sign&l. input level of -135 dBm,* the fol­
lowing errors are obtained: 

B1 (Hz) crr(c) (feet) err (nc) (feet) 

100 1.0 7.6 
200 1.0 8.2 
300 1.0 8.7 
500 1.0 9.6 

The slight increase in error appears to be a reasonable compromise for a trad.eoff 
of a large error ( about 25 ft) tor a worse case short del&¥ multipath for the co­
herent loop. 

The effect of quantization errors cannot be rigoro"'-,ly analyzed due to the non­
linear operations and the sample data equivalence of the continuous filtering 
functions. However, some general. guidelines can be set down which are used as 
the starting point for experimentation. At present~ a computer simulation of the ------------------------------------* The canparison is made at B

1 of 11 Hz because this is the bandwidth of the anal.og 
proces■ors. The digi tel. processor will have Br, equal to about l Hz with a 
cr r ~ 5 f't at -140 dtm and B1 =- 500 Hz. 
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code tracking loop 11 being performed as an IF&D ettort at Hazeltine. The simu­

lation 11 a Monte Carlo exercise of the mathematical function■ which would be 

implemented by actual hardware. A■ ot this time, experimental data indicates 

that the performance ot such a 1y1tem i■ in close agreement with the results ob­

tained by first order approximations to the loop. Further computer runs will 

explore the multipath performance unde1· various transient and steady state condi­

tions. 

As a first step at the definition of word length artd A/D conversion accuracy, 

one must consider the maximuin dynamic range of the input signals and the theore­

tical requirements on gain and phase matching in the "early" and "late" processing 

channels. The effect of permitting a wide dynamic range of the input signal is 

to provide improved accuracy and response time at high signal levels. An al.tf:r­

nate to this is to employ AGC which would maintain relatively constant loop gain, 

thereby maintaining relatively uniform response time and accuracy regardless of 

signal level. The most stringent word length requirements a.re imposed by a wide 

dynamic range and will therefore be considered. 

Assuming the signal level variation is from -143 dBm to -120 dBm, a total range 

of 23 dB must be acconunodated. A".:-C is provided for signal levels in excess of 

-120 dBm. This corresponds to a voltage variation of a factor of 14. This alone 

requ ires 4 bits of conversion resolution. In order to keep the effect of noise 

jitter, down to reasonably low values at the lowest signal levels, the phase de­

tector should have a resolution of the order of 1 per cent of maximum value. 

Thi b gives a resolution of about 0.5 f't for 100-f't chip length, which requires 

about 7 bits. This brings the total to 11 bits. Adding one more for the sign 

gives 12 bits for the A/D converter resolution, which results in a quantization 
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error ot ± 0.5 tt. 

The effect ot the phase aelecti® circuitry will now be d~termined. The basic 

phase de~ will be obtained trom the timing relation• ot 10 MHz and 10.05 MHz 

signals. The resolution is 0.5 nano1econd1 (0.5 rt) tor the coincident detector 

and about 2 nanoaeconda tor the output trige pulle timing jitter. Thia 

sync pu.lae (which occur■ every 2~•condl) 1ynchronize1 a 10 MHz o■cillator 

whose maximum error ii ± 0.1 per cent. Over the 2~econd time interval, the 

timing error could be± 20 n11101econdl (0.1~ x 2~ec) which manite1t1 it ■elt 
as a bias error of ± 10 nanoseconds. As thi■ error is due principally to tempera­

ture variation, the error will be reasonably con■tant over many minutes of real 

time. Therefore, the total random error would be of the order of 2.5 nanoseccnds 

and due prin~ipally to trigger timing variations of the circuitry. 

Rotor Modulation Effects. The slgnal field at a point shadot-~ed by the rotor 

blade has been determined 1n Section 5. 5 of this report. The analysis has indi­

cated that an amplitude variation of approximately 1. 5 dB will be experienced and 

an RF phase variation of 0.2 to o.6 radians. The effect of the amplitude varia­
tion is expected to be relatively insignificant because of the averaging action of 

the code and car!"ier loop. The phase variation effects on each of the two recom­

mended approaches will be discussed in the tallowing paragraphs. 

Single-Channel (Digital) Processor. The digital processor utilizes circuitry 

which samples the incoming signal for a one millisecond dwell interval. for each 

channel and processes the resulting values in digital filters. Actually the 

sample ra.te is about 40 KHz (2~ec) in ord,er to implement digital time shared 

narrowband bandpass filters which can be rapidly switched between the four chan­

nels. The bandwidths have been selected at about 180 to 300 Hz to provide a 
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s al to noise ratio at the inputs to the envelope detectors of about +6 dB. 
ince the code loop is a non-coherent correlator the RF phaae does not directly 

a.tfect the performance, as is the case tor a ~oherent code loop. Therefore, 
t he RF phaae variation of 0.2 to o.6 radians does not attect the ranging ac­
curacy of the envelope correlator code loop. 

The principal effect on the code loop is due to the harmonic content of the phaae 
variation. That is, the bandwidth of tlia pre-detector filter must be wide enough 
to pass the significant harmonics of ".;he modulation. In the analysis performed, 
it was fouL1 that significant energ:-r was contained in harmonica as high as the 
tenth harmonic ( 00 Hz). It is pointed out in Gection 9.1.4 that the 

actual bandwidth of the predet ction filter is unimportant as long as the in-
put to the envelope detector is at least +6 dB since the low pass filtering of 
t he entire loop (about 1 Hz) determines the ranging accuracy. The effect of the 
harmonic content in the rotor modulation is to impose a lower limit on the pre­
detector filter, and in this case, corresponds to 100 Hz. Therefore, as long as 
the bandwidth is greater than 100 Hz, the ranging accuracy is unaffected at the 
signal levels of the order of -140 dBm. 

Somewhat different effects will be experienced when the code loop is a coherent 
correlator as discussed next. 

Moc .. ified GFE Receiver. The effects of rotor modulation on a coherent code loop 
a...·~ such that the RF phase variations are reflected directly into the ranging 
accuracy. In the case of the modified receiver, which must search several code 
positions in order to arrive at a sync condition, the phase variation must be 
hel d to small values. The analysis presented in Section 9.1.3 i ndicates that 
a sync decision could be made in a worse case time of 20 milliseconds thereby 
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permitting one second sequencing at a signal level ot -135 dBm with a 200 tps velo­

city uncertainty. This as been calculated for an RF pnaae jitter of O. 7 radians, 

determined as a reasonable value for stable loop operation. As the rotor modula­

tion has significant energy in the 10th harmonic (50 Hz), the dwell interval of 

20 milliseconds corresponds to one cycle. It is conceivable that under the worst 

cue, the total phue error presented 1x> the code loop would be the maximum value 

ot o.6 radians plua the one sigma value cf 0.7 radians or 1.3 radians. Thia 

could result in a condition of missed sync or cause a sync to be detected at the 

wrong code position. One convenient way to circumvent this difficulty is to re­

duce the bandwidth of the carrier loop to reduce the phase jitter to S'1 0.35 

radians. This wi~ cause a longer seaTch time for the assumed 200 :t'ps velocity 

uncertainty. Alternately, the velocity uncertainty can be reduced by holding the 

voltage to the VCXO at the last value which will then be applied at the beginning 

of the next one secom cycle. The search time for a, = 0.35 radians will now be 

computed in the manner of Section 9.1.3. 

~..,,,.,., .re 4 . ...!... • ~ • ,: .. ,.,. -~- ' ,~ .. ., ~ 
~Ir,& •e • 'lrMl:&•~%0 

TA A . 9.- (~,.."• ,.~.ah'N,,. ~t"r,• ,.ia-~,..) 
At a signal level of -135 dBm 

7'CA • r.et-1':& ,,.~o ,-&.I-& ,_ 
,: •c.ra 9 ,c.1-L • ~J.O -••~•#& 

~/Ne N • .;c,.~ 

This only permits 5 code positions to be searched, which encompasses a range 

rate of ±133 :t'ps (rather than 7 positions for ±200 tps). The carrier loop band­

width for this case is 140 Hz. In the proposed system, it will be possible to 

vm-y t he carrier loop bandwidth and code search positions in order to take this 
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modulation ettect into account. 

A second effect of rotor modulation is the tracking performance during the track­

ing interval. due to the rotation rate. It is desired that doppler information be 

obtained over an interval of 100 milliseconds which corresponds to one complete 

cycle of the fundamental rotor frequency. As long a.a the doppler interval is with­

in about 20 percent of the rotor period, no degradation to doppler or ranging 

accuracy is expected. 

A third effect is the doppler which is induced by the rotation of the blade on 

multipath signals reflected from the blades. As this phenomenon has not been 

completely analyzed, the test program will include an e~riment to determine 

the exact extent by using one dedicated channel and recording the performance 

for various elevation angles of the balloon borne transmitter, both with and with­

out the rotors in motion. 

9.1.4 Design Details, Options I and II 

There are two promising candidate approaches to a receiver configuration suitable 

for the Army helicopter demonstration. One of the two approaches is considered 

because it promises a modest amount of meaningful test data at a minimal cost. It 

consists of a GFE four-channel receiver modified to accommodate the physical envi­

ronment and the dynamic characteristics of a helicopter. The modifications consist 

of using different processor code and carrier loop bandwidths and different reacqui­

sition parameters. Its operation is such that three of the processor channels are 

disabled, while the fourth is being tracked. The cycle time is set at 1 second 

per cycle. ThiD approach has previously been design~ted Option I. 

The second apprcach is to provide a new single-channel receiver which utilizes 
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digital processing in the code and ca.rrier loops that is time-shared and cycled 

between &11 four channels at a rapid enough rate so that the output range and 

doppler data appears "continuoualy" at a rate of 5 sets of data every second. 

This approach has been selected and i1 recommended because it provides a signifi­

cant advance in tracking loop technology and is a representative prototype for 

an operational receiver. Additional advantages are that it lDuld be smaller and 

cheaper than the four-channel system while providing comparable accuracy in a 

helicopter or groundbased user environment. Thia approach baa previously been 

designated Option II. 

The design details of the two recamnended approaches are given in the following 

paragraphs. 

Single-Channel Receiver. The new single-channel receiver consists of a newly 

designed chassis, processor and self-teat circuits. The modules such as R1'/IF, 

frequency source and frequency synthesizer a.re similar or identical to those pro­

vided for the four-channel receiver. j 

An overall block diagram of the receiver is shown in Figure 9-1. It consists of 

the following modules: 

• R1'/IF 

• Matched filter and driver 

• Frequency/source and synthesizer 

• Processor and sequencing 

• Code generator (two modules) 

• Self-test module 
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Functional Deacription. The proceaaor (Figure 9-2) consists of hybrid digital­

analog proceaaing circuits, some of which are time-shared among the four chan­

nels, to provide essentially coatinuow, paeudo-range and pseudo doppler data. 

Since tbe coarse range deta is related i.O the code generator state r~lative to 

t he standard clock, the coarse range data must be obtained from the code genera­

tor module. 't'he fine range clata is obtained from the processor for each channel 

from storage registers which are updated at intervals of the order of 4 milli­

seconds. 

The pseudo doppler data is al.so available for each channel from data registers 

that are updated at five time~ per second. The proposed approach uses a carrier 

frequency estimator rather than a closed feedback loop and a non-coherent code 

loop. The processor incorporates a digital tracking loop for the code estimator 

and a time-shared doppler frequency estimator for the carrier. The code loop is 

a non-coherent delay lock loop time-shared among the four chanrels. Because of 

t he digital processing it is practical to implement narrow ban1i t'unc~ions (long 

response times) and yet be able to switch rapidly between channels. The operation 

of the loop is as follows. The input signal, consisting of noise plus the phase­

coded 10 MHz signal, is applied to two analog mdulators (multipliers). The 

other inputs t o the modulators are the "·.:!arly" and "late" signals obtained from 

t he selected code generator. The outputs of t he modulators are each applied to 

analog bandpass amplifiers, whose outputs are converted into digital form for 

further processing. The purpose of the band pass function is to reject high 

frequency noise, thus permitting the signal to be sampled at reasonable rates of 

about 20 kHz to 40 kHz. 
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The digital proceasing to be performed consists ot the equivalent ot narrow-band 
filtering and envelope detection in each ot the early and late signal paths and 

integration. When the loops are in the tracking mode, the bandwidth could be of 

the order of the doppler t&Dcertainty 1n the signal, which is due only to acceler­

ation. In the helicopter case of 0.5 g acceleration (±24 Hz/se) and a maximum 

sample period of 40 milliseconds, the frequency uncertainty only amounts to± 

0.96 Hz. 

However, in the case of initis.l. acquisition, the doppler uncertainty is equal to 

dopper due to the heli.copter speed plus the speed (range rate) of the satellite, 

plus the difference in center frequencies of the satellite and receiver oscilla­

tors. In the operational environment, the doppler could amount to the order of 

lOKHz, while in the demonstration tests will only amount to ±300 hz. Therefore, 

a fixed bandwidth of 6oo Hz (±300 Hz) will be implemented. It should be noted 

that the subsequent low pass loop filter wilJ ~rovide the processing gain to 

improve the rangir.g accuracy, so that it is not necessary to reduce the bandwidth 

of this predetection filter to 0.96 hz. 

There are several approaches to implementing a digital filter with its correspond­

ing envelo·pe detector. One approach involves the non-recm.·sive processing of all 

data samples obtained during the dwell time ( of 1/4 of the total sample time); 

another approach is to recursively process the data as in a fast Fourier Trans­

former or a sampled data equivalent of a continuous filter. The dwell time deter­

mines the number of samples which must be processed non-recursively and at a sample 

rate of 30 Khz, 30 samples are obtained in 1 millise~ond of dwell (300 samples 

in 10 milliseconds). The dwell time can be determined independently from consider­

ations of code doppler as follows: 
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One method of implementing a digital loop 11 to provide a loop control signal 
which o .... ~ controls the phase of the oscillator rather thL"l the frequency or 
both phase and frequency. As the code doppler ia quite low ( a maximum of 40 
Hz at the operational satellite doppler) it is reasonable to utilize a common 
10 Mhz oscillator to clock all four channels, but to introduce a phase del~ 
control tu the clock which drives the selected and tracked code generator. There­
fore, if it is assumed that the doppler difference of 40 Hz persists during the 
dwell interval, the phase error introduced at the end of 1 millisecond of dwell 
is O. o4 cycles of 100 f't or 4 f't. ( At 10 milliseconds, the error is 40 f't -
which is unacceptable). 'n}erefore, a dwell time of 1 millisecond is Relected 
which results in a 4 millis cond sample interval for all 4 channels. 

In the implementation of the digital bandpass filter and the envelope detector 
(Figure 9-3), it is to be noted that the exact center frequency of the filter 
should be digit~ selectable. Although it will not b"! required in the demon­
stration, it is necessary for an operational syst em. This is because the signal 
energy could occur anywhere within ±10 Khz, and once determined (at'ter initial 
search and acquisition) will re-main relatively constant for time periods of the 
order of 5 to 10 minutes. Therefore, there will be a measure of satellite dop­
pler which will b available for internal and/or external use. 

The major difference between the digital loop implementation and an analog system 
is that in the analog system a VCXO is utilized which provides the varying fre­
quency and phase in response to the loop error signal. In the digital system, 
the VCXO function is performed by a constant frequency oscillator while phase 
selection logic provides discrete phase shif'ts in response to the loop error sig­
nal. The loop error signal in this case is the output of a double integrator 
implemented in the digital filter. One of the digital integrators, substitutes 
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tor the integretor function of the vcxo. 

The digital phue ■hitter operating at the code frequency ot 10 Mhz ia the key 

element in the digital code loop. The main reuon tor t~iia is that in order to 

keep the fine range error small the time del~1 and time differences need to 

be maintained at around 1 to 2 nanoaeconda (1 to 2 ft). 

The method which has been selected u the moat promising to meet these stringent 

conditions is to utilize accurate synchronization pulses obtained from the timing 

relations ot two signals (10 Mhz and 10.05 Mhz) to cause synchronization ot a 

tree ~ing oscillator. The block diagram ot this device ia shown 1n Figure 

9-4. The synchronizing pulses are obtained at the ditterence frequency of 50 

The operation of the phase shifter is such that a reset signal is generate .:".. ~-rhen­

ever the 10.0 and 10.05 Mhz signals are coincident to within 0.5 nanoseconds 

( the value of the LSB of the counter) . A count ot 256 ( 8 stages) provides a 

total delay range of 128 nanoseconds. 

The major design considerations for this technique are to keep circuit propaga­

tion delays small, repeatable and relatively constant over temperature. When 

integrated circuits are used in the critical paths, their delay variations must 

be kept small. ' . 

The oscillator is a conventional LC oscillator where temperature compensation is 

utilized for the Land C to provide the required accuracy of 0.l percent over 

temperature. The key factor in the discrete transistor components used therein 

is to operate them out of saturation to eliminate charge storage ettect. This 

type of oscillator has been built at Hazeltine tor use on several programs and 
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Figure 9-4 Single Channel Receiver Digital Phase Shifter 
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has been shown to achieve 1tabilitie1 ot the order ot three parts 1n 104 (o.03i) 
over a temperature ot -25° to+ 70°c. 

C&rrier Detection (~ppler Eatimation). The "carrier loop" tor the helicopter 

application is reduced to circuitry tor the estimation ot the carrier doppler 

frequency. This occurs because the non-coherent nature of the code loop eli­

minates the code loop dependence on carrier phue. Therefore, u long as the 

frequency uncertainty in the received code signal is within the capability of 

the code loop design, 1n this case± 10 Khz, then there is no need to close the 

carrier loop. 

The principle of operations is as follows. Assuming a condition of code track­

ing, the function of the doppler circuits is to estimate the doppler to about 

0. 2 fps for each of the four channels. To do this, narrow band· integrated cir­

cuit phase locked loops (PLL) are provided to develop noise tree replicas of the 

received carrier. The input signal to each loop consists of the received signal 

modulated (correlated) by the stand.a.rd clock of 15 Mhz which is modulated by 

the selected code. The code is selected :from one of the four generators at the 

channel sequencing interval of 4 milliseconds. During the one millisecond dwell 

time on each channel, the selected PLL is updated by the incaning signal. The 

output of the PLL is then a noise free replica of the incoming signal which is 

available continuously due to the coasting of the loop during the channel ott 

time. 

The degree of noise reduction depends on the loop bandwidth whi .h in turn depends 

on the frequency uncertai~ty :from sample to sample. In the helicopter application, 

the frequency uncertainty is due principally to acr.eleration of 16 tps2 (24 hz/ 

sec). At the sample cycle of four milliseconds, the frequency uncertainty is 



.1 hz, and if &llowance 11 made for 18¥ 5 missed interval.a, then the bandwidth 

ould be 0.5 hz. Howewr, 1uch a narrow band makes the initial pull-in time 

long. The pull-in time can be calculated as :follows. The total :frequency 

uncertainty of ± 10 Khz and the noise :figure o:f 5. 5 db at a signal level of 

-135 gives a SNR of -9. 5 db at the input to the loop. AssuminG that a 6 db SNR 

is required for the loop, the loop bandwidth ( B) must be reduced by 15. 5 db 

to about 560 hz. The pull-in time is given by the following equation: 

~• .,, C•~)'- •I .. ,,••A.a 
A." 

.J. ~ rA •4'• 
j6;•....., 1 w • t•V .,. ..... ,l,1 

(ft•J· 
However, since each channel is on only 2~ of the time, the total pull-in time 

is 9.6 seconds. Standard deviation of the doppler error for this signal to 

noise ratio of 6 db is given by the following formula: 

fTi.s .,c- r, )9._ 
&rr <&,,. 

r·vJt' s /./4'., r..-,~ ,) 
Once the carrier loo?B achieve lock, their bandwidths are reduced to about 56 Hz, 

providing a + 16 db SNR i'0r &."l II in lock II doppler error of O. 36 Hz ( 0. 22 fps ) . 

The band,ddth of 56 Hz still provides adequate bandwidth for a signal dropout 

for one to two seconds. 

There are several mean of implementing the frequency counters in order to obtain 

a measure of the d.oppler. The technique which has been selected is the same one 

employed in the basic 621B 4 chanuel receiver. It consists of doppler counting 

circuits which count the number of cycles of R. signal of approximately 125 Khz 

occurring in a specified interval of about 50 milliseconds. This gives the 

c:oarse doppler. The fine doppler is determined by a count of the 10 Mhz clock 
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pulaea proportional to the fractional portion of a~ or the 125 IChz signal 

required to complete the 50 millisecond doppler intervt.t. A block diagram of 

the doppler digitizer i■ given 1n Retarence l. 

The doppler data is obtained on all tour channel■, ■equentially, thereby re­

quiring 0.2 seconds (4 x 50 msec) ot' real time. The doppler ditterence over 0.2 

Peconds corresponds to± 3.2 tps 10 that the doppler data will be provided :f'rom 

a single set of registers, time ■hared amonc the tour channel,. The 1ar:ple tor 

any apecU'ic channel will be the averace value tor the 50 mill11econd. timt 

period immediately preceding the re~ ■ip&l.. 

The code generator J10duJ.e1 a.re two id.ent1a&l. !ll)d.ule,, each ot' which coatain■ 

two identical code generators 111m1lar to tho■e contained 1n the tour channel 

receivers. Ir. addition to the code genm-ator board.a, each module containa aix 

boards ( 5" x 5") to perform the coarse range counting, timing and. early-late 

gating for each c~annel. 

Mechanical Configuration. The single-channel receiver, excluding the powei: 

supply, is packaged in a volume that 11 14 in. wide, 16-¼ in. deep (includ.inc 

connectors), and 10 in. high. It cons 1st, ot an upper and a lower 1ect ion divided 

by a central air plenum. Thia air plem,111, much like that u■ed on the tour-channel 
. , 

621B receiver, acts not only u a manifold tor the cooling au but .Jti tti• main 

support structure tor the modules. The pacltafJ1nl concept tor thi~ iirototype re­

ceiver is generous of ■pace in order to provide adequate apace tor f\it1.i.re modit'i­

cations and additions. The deaign ot ■uch a receivv tor operational u■age would 

be of the order of halt the size ct a tour-r.llumel receiwr. 

The two code generatora, the proces10r and the ■elt-telt module a.re loc.,ted on 
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e top; the RF/IF, frequency synthesizer, and matched filter are bolted underneath. 

Figure 9-5 ill~atratea the configuration ot the single channel receiver. 

A bolt hole pattern ia located along each aide of the chassis to tie in the 

mounting brackets that will be used to support the receiver. 

The design of the chassis is rugged. Because of the nature of the equipnent, it 

is designed to withstand rough handling. Due to the acceleration sensitivity of 

the oscillator, however, the receiver must be supported for ope.ration on vibration 
isolatons which will attenuate the vibration of the aircraf't to that described 

in Curve II of MIL-E-5400. 

The power supply unit, in the interest of maintal ning a cost-effective program by 

utilizing an existing design iP identical to the power supply provided for the 

four-channel receiver. A design for an operational single-channel r eceiver will be 

significantly smaller. The power supply which is provided is 14 x 14 x 9 in. high, 

and is capable of withstanding the vibration environment as specified by Curve IV 

of MIL-E-5400 both while operating and non-operating. 

Both the Receiver and Power Supply need auxiliary cooling to maintain a reliable 

operating condition. Each is supplied air by an external blower via an inlet air 

duct while the internal chassis distributes the air. Using Class 1A condit:i.ons, 

65 cfin of ambient air is required for the receiver and 30 cfin for the r,ow~r supply. 

The blowers for each unit are altitude canpensating blowers. At 30,000 feet, the 

blower speeds up to canpensate for the reduction in air density. 
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The high heat d\ssipating modules in the receiver, namely the code generators, 
the processor, and the self-test, have perforated top and bottom plates. The 
chassis/plenum to which they are attached has mating holes. The air, blown in 
from the rear, travels through the plenum, up through the plenum holes and bottom 
perforated plates of the modules, and then across the vertically oriented printed 
wiring boards and hot components within each module. Finally the air is exhausted 
out the to~. Cooling is by direct forced convection and a 12°c temperature rise , 
of the cooling air is expected. The module~ on the bottom conduct their heat 
to the undt!rside of the chassis which, in this case, acts as a thermal heat 
exchanger. 

11he power supply heat is conducted to a forced convection heat exchanger on t he 
underside of its chassis and eventually removed by the forced air supply. 

Testing. An acceptance test will be performed on the singl~·-channel receiver which 
will verify that the receiver meets the performance characteristics defined in the 
performance sections of this report. The tests will include pseudo range and pseudo 
doppler accuracy as a function of signal level e-~d the helicopter dynamics. RF 
signals which simulate the expected amplitude and doppler variations will be 
applied, and bias and random errors in range and doppler will be verified. 

The receiver will be placed on a vibration table which will impart the vforation 
profile to be expected in the helicopter in~tallation. This will be accomplished 
using the actual equipnEnt rack that will be installed in the helicopter. This 
will also serve to verify that t he entire meche-~ical arrangement has the required 
integrity to assure of a successful flight test program. The pseudc range and 
pseudo doppler signals ,rill be monitored to verify that the system accuracies 
are maintained for various signal levels. 
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e receiver will be placed in a tanperature chamber and operated at nozmal. roan 
temperature and cycled to an ambient of +71°c. The unit will be operated at +71°c, 1 

and the temperature will be reduced to +55°c to verify that the accuracie1 are 
0 maintained at +55 C. 

When the receiver is delivered to the test site, it will be installed and checked 
out with the helicopter in■tallation and data acquisition system. The test, 
instrumentation and diagnostic procedures employed during ~he NC-135 tests will 
also be used to verify system operation. Additionally, an indicator unit will be 
provided which will display fine range and fine doppler to verify that the receiver 
is operating properly. This unit plus the internal receiver self test provides a 
high degree of confidence in operational readiness. 

Modified Four-Channel Receiver. Functional performance modifications: 
• Channel sequencing gates will be added to the processor or in place of an RF/ IF module to permit disconnecting the input signals to threP. quiescent channels. 

• Channel sequencing control circuits will be added to permit sampling each e;hannel for an interval of 0.25 seconds. There will also be an override control to permit continuous dwell for a specific channel. 

• Reacquisition circuitry will be modified to be inoperative during quiescent channel off time, and to step ahead at a fast rate to a point 150 rt ahead of the present location and to search backwards to a point 150 rt prior to the starting value. An alternate arrangement of the reacquisition circuitry will permit stepping ahead only one bit and ir.atituting the search. 
• The processor code and carrier loop bandwid:th will be modified to accomodate the dynamics of the helicopter. An alternate arrangement will provide for discharge of the quiescent loop integrator capacitors rather than coasting a~ last value. 

• The coarse range counters' clock signals will be modified to permit continuous counting during the "out of sync" condition which will occur during the charu,el "off time." 
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• A discrete signal will be provided for recording that indicates 
when channel #1 is selected for tracking. This will provide a 
baseline timing signal in the event RF signals are lost and channels are not locked on. 

• The t !ming circu.i try will be modified to generate a doppler counting 
interval of approximately 100 milliseconds illlnediately prior to the 
occurrence of the transfer pulse (interval of 0.25 seconds). Range 
and doppler data will be available for recording at the time of 
occurrence of the transfer pulse. 

• Additional circuitry will be provided to detect the repeated occurrence of "missed sync" situations for each channel due to signal l1>ss for an extended interval and to cause the sync indicator on the control box to be activated. 

• The self test module will be modifj.£1 to be compatible with the new modes of processor operation and channel sequencing. 

• An indicator box identical to the indicator box in the Mobile Cali­bration Station will be provided which will be used as an overall check when the helicopter is on the ground. Thi s will provide a 
rapid means of determining that the fine range counters and 
associated circuitry are operating properly. 

Modifications for the Environment. Blowers and duct work will be added to the 

receiver and power supply for cooling purposes. The blowers will use ca.bin air 

and provide adequate cooling when the ambient temperature does not exceed 45°c . 

The blower for the receiver will provide 4.2 lbs/min of ai~ P~ainst a back pressure 

of approximately 2 in. ff:20, while the power supply blower will furnish air at 

2.1 lbs/min against a head of about 1 in. ~o. The cooling effect of this air 

flow will allow thF components to perform well within their reliable operating 

range. A 12°c temperature rise in the receiver from inlet to exhaust is antici­

pated. 

The 621B receiver vibration requirements are as follows: 

0.075 inches D.A. 5 to 20 Hz 

~ 3.5 g's 20 to 36 Hz 

~ 1.5 g's 36 to 2000 Hz 
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The receiver and power supply will be mounted on vibration isolator■ or in a 

vibration isolated equipnent rack such that the dynamic input to th eq,Jipnent i6 

equal to, or le■s than, the vibration envelope de1cribe!1 in the above table. 

Testing. An acceptance teat will be perto:rmed on the moditied tour-channel receiver 

tc verify that the basic unit meet• the appropriate .■pecif'ic_ation require-

ments as well as the new tunction■ which have been added. The teat Yill ettectivel_y 

be run in two parts, namely, those portion■ ot the previoua acceptance teats per­

formed on the basic unit and a ■econd part which veritie■ that the aequencing 

functions a.re pertormed proper~ u well a■ a 'ftr1t1cat1on ot the new loop band­

widths and t heir pertormance in the design ■icnal power level■ and . helicopter 

dynamics. The teat fixtures u■ed during the previou■ acceptance teat will be 

modified as nece■sary to conduct th11 acceptance teat. 

When the receiver is delivered to the teat ■ite, it will be 1.r.■talled and checked 

out with the helicopter installati on and data acquisition ayatem. The teat, 

inotrumentation and diasnostic procedures employed during the NC-135 tests will 

a.lso be used to verify system operation. Additionally an indicator unit will be 

provided which will display fine range and fine doppler to verify that the 

receiver is operating properly. 'Ibis unit plus the internal receiver self teat 

provides a high degree of confi dence in operational readiness. 



9.1.5 Antenna Vibration Effecta on l'racking Loop Perfomance 
A canputer simulation of the Hazeltine four channtil receiver carrier tracking 
loop was utilized to ascertain the effect■ of vib:ration. It wa1 u■umed tha.t 
the loop was tracking, i.e., the initial conditions were not new. Sinusoidal 
inputs of the to:nn: 

r(t) = A sin 2rT ft 
were assumed, where the valves for A and f were taken fran MIL-E-~OOG for 
helicopters For A= 0.05 in. and fin the rang@ 1'ran 5 Hz to 20 Kz the loop 
remained locked with a peak phase error of approJCim.9.tely 0.045 radians which 
corresponds to n aR = .045 fps. 

During the Phas,! II effort vibration effects will be evaluated over the entire 
range specified in MIL-E-540.X:-
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9,2 :mSTRUMENTATICN 

9,2.l Objective 

Th~ objective of this study was to select a design of a data acquisition system 

which would meet the required accuraciea and teat objectives of the System 621B 

single channel User Receiver flight teat p •ogram. The instrumentation system 

selected meets the above criterion. In addition other factors cC11sidered were: 

minimize design and instrumentation CC7Aponent costs by utilizing or modifying 

existing equipment. The preliminary design study indicates that the instrumentation 

being used for the SAMSO four (4 ) ,.!harmel receiver, with minor modifi cations and 

repackaging can be used for the helicopter flight test program, including all 

three optiC11s, 

9.2.2 Instrumentation System 

The instrumentation is descrfbed in detail in Reference 1 and Figure 9-6 . Option I 

was assumed as a baseline d~sign for thi s study, that is, a 621B four-channel re­

ceiver would be modified into a one-channel receiver. Thus, the block diagram 

(with the deletion of the analog recording syetem) would accurately depict the 

proposed airborne interface unit (IU). 

For Option II (single-channel digital receiver), the receiver channel-cycle time 

is sufficiently fast so that it can be cC11sidered as a four-channel receiver and 

no change to the IU would be required. Option III modifications are addressed 

in Section 9.2.5, 

Test Measurements. The sources for the airborne data and the parameters measured 

for the HC equipnent are as follovs: 
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• Pseudo Range - 4 channels of coarse and fine digital wards 

• Pseudo Range-Rate - 4 channela of coarse and tine digital wards 

• Reference Clock Time - 1 Digital Word 

• In-sync monitor - 4 channels 

• Power Monitor - 4 channels analog voltage 

• Receiver in Calibrate Mode 

• Receiver in Self Teat Mode 

• 621B Receiver Environment 

• Time of d~ 

• Pilot event marker 

Purpose of IU. The function of the IU is to acquire the digital and analog 

data output signals f'rom the user System 621.B receiver and record the 

' data in digital form oo magnetic tape. In addition, analog signals f'rom the 

receiver and various analog transducer outputs are digitized and recorded ir. con­

junction with the digital signals. IRIG time of~ is also recorded, with various 

discretes. Refer to Table 9-3 far list of measm·ements and their respective test I 

requirements. 

9.2.3 Descriptioo of IU 

The major instrumentation components which comprise the data acquisition system 

are: 

• Digital Recording Systems and Time Code Generator (GFE) 

• Digital Multiplexer 

• Analog to Digital Converter 

• Analog Signal Cooditioner 
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Table 9-3 Instrumentatioo Measurement List 

Quantity, Min Sampling Test 
Measurement Words Frequency, Reqmt Accuracy 

St>S 
621B Test Receiver 

• Pseudo range, coarse 4 26-bit 4 sps Sys Ace N/A 

4 N/A 
I • Pseudo range, fine 4 8-bit ElPS Sys Ace 

• Pseudo doppler, coarse 4 15-bit 4 sps Sys Ace N/A 

• Pseudo doppler, fine 4 20-bit 4 sps Sys Ace N/A 

• 10 MHz clock time 1 25-bit 4 sps Sys Ace N/A 

• In-Sync monitor 4 1-bit 
(Acquisition discrete) 

4 sps Sys Ace N/A 

• Mode Select SWitch 1 1-bit 1 sps Diagnosti~ N/A 

• Channel Sequence Discrete 1 2-bit 4 sps Diagnostic N/A 

• P-channel signal strength 4 10-bit 4 sps Signal 1 db 
+ sign Strength 

• RF/IF Select 1 1-bit 4 sps Rcvr N/A 
Status 

• Calibrate 1 1-bit 4 sps Rcvr N/A 
Status 

• Self Test 1 1-bit 4 sps Rcvr N/A 
Status 

Time Correlation 

• IRIG B Time Code 1 4 sps Time Correl 1 ms Res 

Environment 

• Receiver case temperature 2 0.1 sps Airborne ! 5°F 
Envir 
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Table 9-3 Instrumentation Measurement Liat (Continued) 

Quantity, Min Sampling Teat 
Meaaurement Worda Frequency, Reqmt Accuracy 

. . 
• Installation compartment 1 0.1 spa Airborne Envir ±. 5°F ambient temperature 

• Case vibration, single 1 5-500 Hz Airborne Envir ! 0.1 g 
axis on the receiver response must 

be analog 
recorded 

• Steady state "G" on the 1 0-2.0 Hz Airborne Envir ! 0.1 g 
receiver 

other Signals 

• Pilot event marker 1.1-bit 4 aps Data Analysis N/A 
Diagnostic 
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Recording System. The airborne data recordiLg 111stem is being supplied by the 

6585th Teat Group at Hollanan AFB. Thia is a standard unit in their inventory. 

The essential characteristics of this 1111tem are: 

• Equipment complement 

Time code generator 

Input data synchronizer 

Data buffer and tape cootrol lmit 

Core Buffer 

Digital recorder 

• Input data signal format 

Word length 48 bits max. 

Frame length 127 48-bit words max. 

Clock rate l Mlz max. 

Synch word unique repeatable word reqd once per frame 

Data Format Serial transfer of Manchester, Rz, or NRZ 

Interface circuitry DTL compatible 

• Output data signal fonnat 

l'he output data is in the form of a. digital magnetic tape (Figure 9-7) which is 

IBM computer compatible 

• Packing Density 556 characters per inch 

• Record head configuration 7 track in-line 

• Tape width 0.5 inch 

• Reel size 10 1/2 inch IBM type 

• Tape capacity 2400 f't., 1.5 mil 

• Slew Rate 3 KHz 

• Recording technique NRZ Mark (NRZI) 



TRACK NUMBER -

SYNC 
WORD 

DATA 
WORDNO. 1 

LAST 
DATA 
WORD 

RECORDN 

IRIG 
TIME 
WORD 

2 4 8 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

:-

X X X X 
X X X X 
X X X X 
X X X X 

LSB X X X 
0 0 0 0 
0 0 0 0 
0 0 0 0 

I 
0 0 0 0 

1·, hr 2'shr 4's hr 8'1hr 
10'1 m 20'1m 40',m 
1'sm 2'sm 4'1m 8'1 m 
10'1 I 20'11 40'11 
1'1 I 2·11 4'11 8'11 
100'1 m1200'1 ffll400'1 m1800'1 ffll 
1 O's m1 20'1 m1 40'1 m1 80'1 m1 
1 ·, m1 2·, m1 4'1 m1 a·1 "" 

A 8 
X MS8 
X X 
X X 
X X 
X X 

LSB X 

X MSB 
X X 
X X 
X X 
X X 
0 0 
0 0 
0 0 

0 0 
10·, hr 20'1 hr 

I TRACK C USED FOR ODD PARl1: 

C CHARACTER NUMBER 
1 
2 
3 
4 
5 

t 
8 

TAPE MOTION 7 
8 
9 

10 
11 

- 00018" 12 - • 
13 
14 
15 
18 

LAST CHARACTER OF 
--CAST DATA WORD 

} 

LONGITUDINAL CHECK 
WORD GAP +o 0048 

0.0075" -0:0029 

LONGITUDINAL PARITY CHECK WORD 

RECORD GAP 3/4" +5/J2 
- 1/ 18 

Figure 9-7 Data Tape Fonnat 
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Digital Multiplexer. The digital Multiplexer and Formatter ie the central inter­

face far the digital and digitized analog data. Thie unit provides the electronics 

to receive, format and transfer data to the recording system. In additicm, the 

Mulitplexer/Formatter generates transfer pulses which are used by the 621B receiver 

to initiate transfer of data. Figure 9-8 ie the data format. 

To summarize the operation of the Multiplexer/Formatter: 

• A transfer pulse is generated and sent to the 621B receiver every 
250 ms. At this time, data is transferred into the synch word, 
discrete and time registers. 

• Arter a period of time (50 µ.s) the 621B receiver returns a "data 
ready" signal. 

• Upon receipt of "l)l.ta Ready" signal the sequencer begins a sequence 
of read commands that will interogate the various data registers 
in proper or.der. The sequencer keeps track of word length so onzy 
the proper number of bits for each word are accepted. All data 
registers are self clearing so they are ready to accept new inputs 
each time a read comnand ends. 

• This data is loaded into the memory as it is received, with guidance 
from the data gate signal, 

• When 4 data groups have been loaded into the memory, it is commanded 
to unload. The unload is controlled by the word gate signal with 
the output data being transferred serially to the recording system. 
The format for the data at the Multiplexer/Formatter to Recording 
System interface is shown in Figure 9-8. 

• The preceding cycle of 1 through 4 is repeated for the duration of 
the data run. 

Analog Signal Conditioner. The analog signals are routed through a unit which pro­

vides the electronics required to amplify or attentuate the analog inputs to the 

A/D converter. The operational amplifiers are selected and designed to have drif't 

and offset characteristics that will allow the maintenance of the required accuracy 

of the analog signals. The attenuators are constructed of precision resistors. 
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'!be rema.ining 'lD'lits in the data acquiaiticm ayatem are the analcg-to-digital con­
verter, a power supply, and the time code generator. All of these \D'lits are off­
the-shelf purchased items. Their operation is standard and will not be detailed 
here. 

9.2.4 Modifications to Exist1.ng IU, Options I and I :[ 

Electrically for Optim I, tht1 modifications are minor. The digital multiplexer 
unit will b~ modified to generate transfer pulses at 0.25 secood intervals (currently 
TP' s are generated every 200 MS). Also 4 additional discrete signals will be 
record'-1d. The multipl_exer 'lD'lit will be modified to accommodate thef'e additional 
signals. The frequency response of the normal acceleration channel (used for 
diagnostics) will be reduced, as a cons~quence of the lowered sampling rate, which 
does not appear to be a problem. For Option II no electrical changes are required. 

The case vibration acceleraneter channel will be retained. Since this parameter 
is for diagnostic purposes only, a strap down visicorder will be used should the 
need arise to measure the vibration experienced by the receiver. 

Mechanically the modifications to the IU consists of repackaging the equipment 

fran a single rack (in the NC 135 aircraf't) into three separate racks. Heli­
copter vibrl:!.tion lev-els, being greater than those in the NC 1.35, necessitate a 
more extensive design of the equipnent racks and the associate1 vibration isolation 
systems. The isolating effectiveness of the isolation systems (shock mounts) will 
be verified by a vib.ru.tion test performed on the rack/ isolator assemblies prior 
to i nstallation. Re'.'er to Figure 9-10 in section 9.4 for the helicopter installa­

t i on layout of the 6c.'lB receiver and the data acquisition system. 
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9.2.5 Option III - Moditication to IU 

'!be proposed airborne ccmputer has a memory capacity of 8192 words. The navigation 

solutim and necessary executive routines are expected to require le11 than 4000 

memory words. The residual capacity wilJ. be used as a buffer memory to store the 

calculated data prior to recording the data an magnetic tape. utilizing the com­

puter in this manner will preclude the need for an additional recorder. The existing 

recorder will record the raw measurement data :ln real-time while the . computer solves 
for the actual navigation data in real time and stores this data in memory. At 

the canpletion of the helicopter pass, (about 1.5 minutes or less for the area 

navigation test) the helicopter will proceed to the starting point of the next pass. 

Dtn-ing this transit period the canputer will dump the navigation .data fran memory 

into the tape recorder. Assuming a 90-second pass the memory will have stored some 

3000 words. This will have been accumulated from 8 data words every 250 miili­

seconds over the 90-second period and some additional synch words and identifier 

words. The data will represent three position canponents, three velocity canponents, 

one oscillator bias, and one bias rate for each 250-millisecond period. With thi3 

approach, relatively minor changes to the airbor ne IU will be required for 

Option III. 

9.2.6 Data Acquisition System (DAS) for the Mobile Calibration Station (M:S) 

For the NC-135 tests, the MCS is equiped with a four-channel receiver and the data 

from the receiver is recorded by a DAS similar to the airborne IU (Reference 1). 

This data allows for post flight computation of the time biases associated with the 

transmitters which run asynchronously. 

For Options I and II the- same configuration is to be used and therefore no modifi­

cation of the grolmd based DAS is required. For Option III, the transmitter biases 



are required in real time by the helicopter computer to permit real time naviga-

tion. 

time. 

Therefore, a computer ia added to the M::S to canpute theae biaaea real 

The data is then voice linked to the helicopter for inaertioo into the air-

borne computer where it is used far real time navigation and recorded. The values 

are also logged at the M:S by the operator. 

Should airbome computer capacity be available, the M::S receiver measurements, 

which should not change, could be voice linked tot~~ helicopter and inserted into 

the airborne canputer where the transmitter time biases could be computed. This 

would eliminate the nee:d for an M::S computer. 
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. 3 ELECTRICAL LOAD ANALYSIS 

The UH-lH helicopter to be pravidad for this program ia a basic production heli­

copter. As such, the electrical power available ia primarizy dedicated to equip­

ment associated with the helicopter primary mission with limited excess cape.city 

for other purposes. 

Primary 28 VDC electrical power ia provided by a transmission-driven 30 volt , 300 

ampere, OC generator which prov-idea 8.4 ¥:-IA. In the event of failure of the main 

generator, an engine driven 30 volt, 300 ampere starter-generator supplies the 

primary OC electrical power. 

AC power is available from a 115 volt, 250 VA, three phase, 400 Hz, ma.in inverter 

driven from the primary 28 VDC bus. A aecood 115 Volt, 250 VA, three phase in­

verter, supplied by the prima.ry DC bus, is provided as a spare. 

9.3.1 Helicopter Requirements 

An electrical load analysis for the UH-lH helicopter is provided in Ref. 5. 
This report indicates that the total average power requirements for the helicopter 

during cruise is 4.6 KVA. This figure is all inclusive and reflects the use of 

equipnent which will not be required during this program. A preliminary review 

indicates that at a minimum, the equipnent listed in Table 9-4 will not be required. 

From thesf'! so·Jrces alone ~ a savings of approximatezy 1.8 '!NA is indicated. There­

fore, the helicopter systems will require, at most, 2.8 ¥:YA which allows approxi­

mately 5.6 Y::Y~ for System 621B equipnent. 
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Table 9-4 Estimated VA of Helicopter Equipment Not Required 

Item VA -
Heated Blanket Outlet 560 

Internal Rescue Hoist 920 

EM Transceiver (AN/ARC-54) 90 

HF Transceiver (AN/ARC-102) 210 

Total 1,780 

Table 9-5 Estimated System 621B AC Power Req1:.irements 

Item VA 

Instrumentation System 370 

Recording Systems 380 

Rece~ver 360 

Pot.~ 't' Supply 360 

Rack Blowers 200 

Total 1,670 
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9.3. 2 System 621B Equipment 

An estimate of System 621B pover requirements is t abulated in Table 9-5 for Option 

I and II. The total AC power required is approximately 1. 7 ¥:YA. Clear~, this AC 

requirement cannot be met by the helicopter 250 VA, AC power system. Therefore, 

an Army standard 2.5 ¥:YA inverter (PU 545/A) will be required. The installation of 

this inverter as a supplement to the UH-lH helicopter AC power system is a standard 

procedure which has been done previously by the Army. See Section 9.4 for details. 

Given the efficiency of the inverter of 5~, and the availability of 5.6 Kl/A from 

the helicopter primary system, the 2.5 ~A inverter could be run at rated capacity 

if required. If it ia assumed that the pwer factor of the added equipment is .9 

(a pessimistic value) then the requirement for 1900 watts still remains well within 

the 2500 VA available from the inverter. The above also indicates a greater than 

1~ power safety margin exists for the helicopter main OC generator at full inverter 

capacity. 

For Option III , the power requirement for System 621B equipment will increase by 

approximately 250 watts. When added to the nominal 1900 watts required, a 1~ 

pover safety margin still exists and the power system modifications as outlined 

above will therefore suffice for Option III as well. 
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EQUIPMENT :mSTALLATICE 

Three equipment cabinets are provided far mO\D'lting the HC 62ll3 receiver, paver 

supply, Gnmman instrumentaticm, GFE recorder and time code generator/readout. The 

arrangement of the cabinets and equipment is shown in Figures 9-9 and 9-10. This 

arrangement has been selected to provide good Helicopter loading in all configurations 

(fuel, crew). The equ.1.pme11t installaticm design provides far ease of maintenance and 

accessibility, (equipment slides in or out). A prime consideration in the installa­

tion design was the requirement for access to the tail rotor gearbox. The tail 

rotor (90°) gearbox lubri cation is accomplished by a self contained wet sump. A 

visual sight glass gage is provided on the right. side of the gearbox to allow for 

a level check. Due to t.'1e preflight tnspectioo requirement on the gearbox oil level 

indication, an access door and opening in cabinet number 1 has been provided. This 

will provide easy access to the viewing window and light switch. other transmission 

i nspection can be accomplished using the opening in the bottom of the helicopter. 

The installation will therefore, not prevent access to and maintenance of the 

t ransmission. 

The cabinets will be mounted on an isolation system whicl. will be designed for low 

frequency, (7-10 cycles/sec resonant frequency), high amplitude isolation (see 

Figure 9-11). The isolation system base plate will pick up existing helicopter 

t i e down points . The use of an isolation system also gives the floor area that is 

required to meet the PSI floor loading and provide a safety factor of 3, (Ref 

™ 55-1520-210-10). On the rear of the cabinets, stabili zing mounts between the 

~abinets and the bulkhead a.re provided. These stabilizing mounts limit the cabinet 

sway and are used in conjunction with the isolation system. The st abilizers also 

provides a era.sh safety factor of ,: 20 g's. Suffici ent clearance has been allct;ted 

between adjacent units and structure for the most severe shock coodition. 
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47 FM blower will be installed in the lower rear of each cabinet to provide a 

f or.ced air flow through the cabinet■. The blower aud utilization of natural thermal 

draf't will provide adequate air flow for the equipmen·t mounted in the cabinet. The 

hotter equipnent will also use mounting provisions as heat sinks as the cabinets' 

heavy aluminum extrusions will prov:t1~ adequate metallic conduction. The Receiver 

end Power Supply will also have their own blower, since they have been designed for 

forced air. Ground cart cooling fittings are being "9l"ovided on each cabinet to 

allow for additional cooling while ground tests at Northrop strip are conducted. 

The cabinets will have four aluminum extrusim corner posts with aluminum louver ed 

sheet sides and top. Both the basic cabinets and the isolation system, including 

the base isolator and the stabilizer mounts, are coamercially available units which 

have been designed for military applications. 

The cable assemblies will be to the intent of MIL-W-5o8d, with the addition of an 

overall shield. The interface cmnectors will have !l.U/envirmmental back shells 

on the connectors. The wire will be per MIL-W-81044/2 which :!.s a polyvinlidene 

flouride jacketed airframe wire. Wire current carrying capacity will be per 

MI L-W-5088 . The interface connectors will be of the MIL-c-26482 or MIL-C-5015 type. 

Cables will be routed to be easily accessible for inspection and repair. The wires 

will be marked per MIL- T:: ·5008 and be prefixed with 621B. Cable assemble will be 

t wisted per Grumia.n specification GSS 13316 to provide maximum flexibility and 

minimize fatigue due to vibration. 

The RF cabling will be RG 214/ u coax which is a 50 ohm, double shielded (two single 

braids with no insulation between them). Cable termination will be with MIL-C-39012 

type connectors. 



The receiver control and Grunman control panels will be placed on the center console 

and will be of the MIL-C-6781 tYTte (no lighting). 

The receiver ccntrol panel will provide remote operation of the receiver uy the 

operator. 

The Grumnan control panel will provide power caitrol for the new 115 V 400 Hz 

inverter, and Blower an-off switches for the cabinet blowers . Two lndicator lllrn.ps 

will provide "receiver over temp" and "loss of special equipnent power." The se 

indicators should be placed within the operators n rml line of sight (300 cone) . 

"Rcvr aver Temp" will indicate air over temperature :!ondition internal t o receiver 

(700C) and that the receiver has been placed in a st-li.Ildby mode. "Loss of special 

equip _pwr" indicator will illuminate when a loss of the 115 V 400 Hz power from 

the 2500 VA inverter is experienced. The indicators will be of a brightness t ha 

can easily be seen in a high ambient condition , 

115 V 400 Hz is supplied by a 250 VA inverter with a 250 VA inverter for standby . 

To satisfy the addition of the System 621E equipment (115 V 400 Hz) a 2500 VA 

inverter will be added. The inverter will be a GFE MS type. The new AC system 

will have overlce.d protection, distribution and feeder protection (circuit breakers ) 

as sholill in Figure 9-12. An overload controller is provided to protect the rimar 

feeder and inverter. If an overload occurs the controller removes the holding 

voltage from a toggle switch on the cockpit control panel which in turn removes 

the holding voltage from the primary contractor which opens the 28 VDC feeder to 

the inverter. The toggle switch on the cockpit control panel provide s the 

operator with an indication (position of the magnetically held toggle) of power on­

off condition. It also provides manual control of the 621E/AC power from the 

cockpit. 
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'lbe inverter, controller, c~cuit breaker panel and contractor will be on the 

single chaaaia. '!be single chaasis deaign provide• for ease of inatallatian and 

remc,val ot the modification. The cha11i1 car.1 be inatall.ed on the shelf' on the lert 

hand 1ide aa shown in Figure 9-9. 

A circuit breaker panel will be provided for the distribution of the new ll5 V, 

400 Hz. It will conai1t of 20 amp circuit breakers and connectors. Thia circuit 

breaker panel design will be similar to that of the NC-135 (00371) installation. 

Using this canfiguration minimize• change■ in connectors, cable■ and wirin~ 

diagram■. The circuit breaker panel will be mounted an the inverter chaaais to 

provide maximum feeder protc t.-ior•. ( shortest length of unprotected wire). 
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.5 AN AS 

. 5. 1 Helicopter Antenna Assembly Kit 

The antenna assembly kit consists of three major subassemblies: 

• Antenna with radome and test probe 

• Interconnecting R.F. cables 

• Structural modifications (designed for minimum modification to 
the helicopter) 

These three subassemblies are required at each of the four helicopter installations: 

• Top ADF antenna location 

• Bottom ADF antenna location 

• Nose location 

• Aft rotor boom location 

However, only 1. antenna assembly kits will contain antennas (with radome and test 

probe) since only one antenna installation, at most, will be required at any one 

time during the program. The antenna will be moved as required. 

Antenna Des~~iption. The antenna is the compact, lightweight hemispherical 

radiator developed for the 621B test progrJm utilizing the NC-135 aircraft 

(Reference 1 ) . As presently fabricated, the antenna/radome is filled with 

2 lbs/ cu.in. density foam which aids in vibration reduction with no noticeable 

loss in antenm. perfonnance. The general electrical characteristics of the 

antenna are: 

• Antenna input VSWR: 1. 4: l max (with radome and foam) 

• Probe input VSWR: 1.6:1 max (with radome and foam) 

• On axis ant enna gain : +3 dB with respect to an RHCP isotrope 

9-82 
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• 3 dB beamvidth: 1300 typical, rotft.tionally &y11111etrical 

• Antenna coverage: Greater than hemispherical coverage at 10 dB 
below isotropic 

The antenna, ground plane and low-density foam are entire.1.¥ covered with a mult­

layer fiberglass lamjnated radane (Reference 1) with a final assembly weight 

of 1.9 lbs. 

The entire assemb.1.¥ was subjected to a number of environmental tests, specifically 

shock and vibraticm at temperature on the vertical and one arbitrary horizontal 

axis. The vibration levels used are a canposite of worse case levels from Curve IV, 

MIL-E-54000 (Equipment Designed for Both Aircraft and Helicopters) and level. 

actually measured on the NC135 aircraft by the Boeing Canpany. A ~omparison of 

actual test levels and those called out in MIL-E-54000, Curve IV follows. rt should 

be noted that the test values used are the helicopter levels. 

Curve rv Levels Actual Test Levels 

Frequency (Hz) Level Frequency (Hz) Level 

5-20 0.10 inch D.A. 5-20 0.10 inch D.A . 

20-33 2:. 2 g 20-33 :. 2 g 

33-72 0.036 inch D.A . 33-52 0.036 inch D.A. 

52-80 2:. 5 g 

72-500 2:, 10 g 80-114 0.15 inch 

114-167 ! 10 g 

167-190 Increase to! 13 g 

190-400 .:!:. 13 g 

400-500 .:!:, 11 g 
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umnary of the tests are as follows: 

Horizontal Axis 

• Vibration at +15o0F per above levels for 3 hours 

• Vibration at oO per above levels for 3 hours 

• Shock.:!: 15 g for 11 milliseconds - total 6 shocks 

Vertical Axis 

• Vibrati n at +150°F per above levels for 3 hours 

• Vibration at OOF per above levels for 3 hours 

• Shock~ 15 g for 11 milliseconds - total 6 shocks 

The antenna successfully passed the environmental tests with no noticeable degra­

dation in electrical characteristics. 

Interconnecting Cables. Four cable assemblies of two cables each (one to the 

antenna and one to the self test probe) are required fepr interconnecting of' the 

receiver and the antenna at the presently intended locations. Naninally, the 

cable type will be RG-115 A/U with the following characteristics. 

• Insertion Loss: 0.1 dB/ft. at 1575 MHz 

• Weight: 0.18 lb/rt. 

Three cable assemblies will be installed internal to the helicopter by means of 

standard R. F. cable clamps bolted "piggy back" wherever possible to existing 

wiring clamps within the constraints of good EMC practices. However, the double 

cable run from the art rotorboom antenna for the rotor modulation test will run 

external to the helicopter and will be attached wherever possible to meet the goals 

of minimum modifications. 
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.. 2 Antenna Locations 

e following locations have been selected to allow the system t"..J meet program 

goals while requiring minimum nx>dification to the UH-lli helicopter (Figure 3-3) 

Program Test 

Area Navigation 

ILS 

Rotor Modulation 

Antenna Location 

Bottom ADF Antenna 

Nose door 

Top ADF Antenna 

Tail Boom 

Required Structural Modification 

Addition of Adapter Plate utilizin~ 

ADF antenna ho~e pattern for pickup 

Modifications to a spare door 

utilized during testing only 

Addition of Box Beam Aluminum 

structure utilizing ADF antenna 

hole pattern 

Addition of box beam a luminum 

structure which straddles the 

tail boom and attaches to it 

Area Navigation Loc1:1.tion. With the antenna located in the bottom ADF antenna 

location, near free space radiation coverage will be realized{+ 3 dBi gain on 

axis decreasing to approximately -9 dBi gain parallel to the centerline of the 

helicopter)(Figure 3-3). Since the antenna pattern is basically cardiod in 

shape and the helicopter is electrically smaller than the RF-4C for which an 

intensive pattern study program was conducted greater than hemispherical 

coverage is anticipated which will preclude loss of lock with any ositive or 

negative angle of attack of the helicopter. 

l'igure 5-27 shows the total power variation of all o 

elicopter antenna patter n for an east "i; , west fli ght . 
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this total . the helicopter antenna gain varies by less than 3 dB across the 

range and would be identical far a West to East run due to pattern symmetry. 

To adapt the 621B antenna to the removed ADF antenna mounting hole pattern an 

adapter plate has been designed (see Figure 9-13). The 621B antenna is attached 

to the adapter plate and the entire unit is then installed on the helicopter. A 

hole is cut out of the existing lower ADF hole pattern and at the ompletion of 

the flight test program a cover plate is installed over this cutout. 

ILS Location. The antenna will be located on the forward equipment access 

door at Fuselage Station - 7.6 on the c~nterline at approximately Waterline 30 with 

the peak of the radiation pattern parallel to the helicopter's Roll Axis. In this 

location, unperturbed line of sight is afforded for greater than,: 90° about the 

roll axis. This extensive coverage is required during the ILS landing when angles 

f:!-om the Roll Axis to the transmitters could be greater than 90° (i.e., A 15° 

"crab" maneuver would be required if experiencing approximately a 15 knct cross 

wind, causing the LOS t o either transmitter #1 or #3 to be greater than 90° when the 

helicopter is within 1000 f't. of touchdown). At touchdown, transmitters 1 and 3 

will be at,: 90° (Figure 3-1). 

The modification as designed will allow uninhibited access to the equipment bay 

with the cables attached to the antenna. A spare door will be obtained and 

modified to the antenna configuratic; (see Figure 9-14) and at the completion of 

the test program, the original door w-ill be replaced. The antenna is mounted 

to th door, and an adapter ring which matches the outside contour of the door 

is provided. 
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(Top ADF Antenna Location) The top ADF antenna 

location :.J at Station 81. 73 and is approximately 53 inches from the main rotor 

block shat~. In this location the peak of the antenna btam (e tenna vertical axis) 

is parallel to the helicopter Yaw axis. This allows for maximum signal strength 

reception normal to the plane of the rotor blades thereby maximizing the modulation 

effects for the test study. 

To accommodate the antenna mounting on the aluminum honeycomb structure, a built-up 

sheet metal section has been designed which picks up the exhisting hole pattern of 

the ADF antenna. Therefore, no structural modifications are required to the 

existing upper skin. See Figure 9-15, 

The second of the Rotor Modulation Test antenna location is on the aft rotor boom 

at approximately fuselage station 360. As with the top location, the antenna is 

directed parallel to the Yaw axis to maximize the modulation effects . 

The antenna will be fitted with a right a.rw,le connector which allows the cables to 

be connected perpendicular to the axis of the antenna connectors, eliminating a 

large cable bending radius that would make the cable connections difficult, and 

thereby simplifying the design of the structural support assembly (see Figure 9-16) . 

9.5,3 Ground Transmitting Antennas 

ILS Antennas. The ILS test will be performed immediately following t he ILS testing 

for the SAMSO program and will utilize the same equipment conf i guration. Here the 

ground and balloon transmitters use the same shaped turnstile design installed on 

the helicopter without the utilization of the self test probe. The antennas will 

be mounted on the transmitter sunshield allowing the transmitter/ an·cenna system to 

be geographically flexible. 
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or Modulation Tie Down Test Antenna. This test configuration will use the same 

transmitter canti.guratian, with the ILS antenna, as d.E"scribed in Section 3.1. 

Area Navigation Antenna. The Area Navigation flight geometry experiences signifi­

can changes in range from the · transmitters as the he l.:tcopter flies through the 

transmitter configuration. If the ILS grm.md antennas were utilized, this changing 

geometry would reflect itself as a 6 dB change in system antenna gain product and 

a 4 dB change in space loss. To compensate for the.:!:. 5 dB variation across the 

range use of the shaped beam antenna used for the NC-135 System Demonstration 

test may be needed. Here tt.e changing space loss is virtually eliminated so that 

a minor gain product variat:.on of approximately ::!:. 2 dB is experienced across the 

range. The antenna is as described in Reference 1. 

For these tests, the antennas will be mounted atop the transmitter trailers, which 

are used in the SAMS0 tests and have provisions for the antennas, at three of the 

sites . The fourth site will require a 15 f oot high pipe mount installed and 

guyed by Grumman at transmitter site #4 (Figure 3-2). 

9,5,4 Calibration Link .Antennas 

The calibration receiving links at the MCS site utilizes four 6 f oot dishes mounted 

on two 20 foot telephone poles (unperturbed SAMS0 ILS configuration ) . These 

antennas do not require reboresighting for the helicopter ILS test. These 

receivers will receive the signal transmitted by the uplink omni-directional 

antenna . However, for the Area Navigation tests, one antenna will require re ­

pointing due to the relocat i on of trans itter #4 in the elongated diamond conf i gu­

r at i on . This l ink will be extended to 9000 feet which will require the use of a 

6 foot dish for additional calibration link gain for this channel. The dish will 

be mounted on the existing 4 inch diameter pole on the site and wi ll be fed from a 



r s litter, not from the delayed output of the receiver. Due to the narrow 

eam characteristics of the dish, no multipath interference should exist at either 

the helicopter receiver at any point along the flight path. The 6-foot antenna. 

ish is available from the SAMSO tests. 



10. FIELD DATA REDUCTION 

Field Site data processing for the helicopter program will closely parallel that 
r"or the NC-135 tests. After the flight, the raw receiver data tapes will be 
validated, converted into engineering units and written on two duplicate 
engineering uni-ts (EU) tapes . One of these tapes, written in a BCD format for 
computing system compatability, is shipped to Grumman Aerospace Corporation, 
Bethpage, for ine-grained analysis and co~parison to WSMR trajectory data . 
The other EU tape, written in a CDC binary fonnat, is subsequently processed at 
KAFB for "quick look" results. The two major components of the field test soft­
ware package, therefore, are the engineerj_ng units conversion and validation 
program, EUVAL, and the quick look analysis prog:::-am, NAV/CAL. Only a small amount 
of modification to the NC-135 programs is required for helicopter test suitability. 

10.l EU CONVERSION 

A discussion of the EU conversion/data validation problem is given in Volume IV 
of the 621B Phase I report (Ref. 1), Section 4.8 .1. Basically, the various 
constraints of the user receiver, data acquisition system and data recording 
system require that the raw data t apes be written in a hardware-oriented, rather 
than a software-oriented fonnat . Therefore, it is neces sary to recondition and 
reformat the raw tapes to render them fully compatible t o the analytical and 
applications programs. This process, called engineering units conversion, is 
perfonned simultaneously with a valid data check (parity, sync and reco d length 
errors ) and a short statistical summary of raw data characteristics . The EU data 
from both airborne and ground sources, along with their stat istical characteristics, 
are written chronologically on the E tapes for subsequent processing at KAFB and 
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rumman, Bethpage. Also, a tabular listing of EU data and validation diagnostics 

is generated for inspection by field personnel. 

The 621B EtNAL program used in NC-135 data reduction includes the t&Bks listed 

below. A simplifi ed logic flow diagram i~ shown in Figure 10-1. 

• Record error detection 

• Time data validation ( sof'tware and hardware checks) 

• Out-of-limit and diagnostics tests 

• Rl.rameter calculations 

• Discrete data packing 

• Data "time slicing" logic 

• ·Tabular list output of EU data and diagnostics 

• EU tape generation 

• Statistical calculations 

The EtNAL program is presently able to accept data on one, two or three input 

channels. One channel is for ground site calibration data, one for the Hazeltine 

user receiver and one for Magnavox Research laboratories receiver data. 

Modification of the EtNAL program for Option I involves the deletion of the 

Magnavox algorithms and the modification of Hazeltine user receiver processing 

from a four-channel per sample parallel format to a one-channel per sample serial 

format. No modification of the calibration site data processing is required. 

These software changes represent a small programming effort. 

10.2 QUICK-LOOK ANALYSIS PROGRAM 

The quick look analysis program to be used for the NC ~l35 tests, NAV/CAL, supports 

a twofold task: 1) read . the EU tape and generate the deterministic navigation 
/ 

solut ion from the navigation and calibration receiver outputs, and 2) to obtain 
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"first cut" statistics for system 621B accuracy. The deterministic (or static) 

navigation algor'lthms operate on the four (parallel) paeudorange and pseudo1oppler 

signals available from each data source on the EU tape to produce an x, y, z, x, 

y, z, t trajectory. This degraded-accuracy (unfiltered) trajectory is written 

on tab and t a.pe for further analysis. In the NC-135 test program this data 

is compared with WSMR FPS-16 trajectory date to make a GO/NO-GO decision on 

further flight test. The quick look WSMR data may not be available in the 

helicopter test program since all the flights are at low altitutde. Therefore, 

more reliance will be placed on the NAV/CAL statistical sUDDLe.i-y for the 

GO/NO-GO decision. 

The NAV/CAL statistical method (variate differences) assumes that the data is 

composed of a "smooth" trend component and a random error component. By successive 

differencing of t~e data the smooth component is attenuated, leaving only the 

noise compor,ent for quant a~ive analyr.is. The figures thus generated, as well as 

some results of polynomial regression &.nd serial correlation analysis (also 

performed in NAV/CAL), are used to determine a GO/NO-GO condition for pending 

tests. A simplified flow chart is shown in Figure 10-2. 

Option I oriented modifications to the !base II NAV/CAL program are anticipat ed 

to be slightly more involved than those performed on the EUVAL program. The 

major modificat ion will be the conversion of the parallel deterministic naviga­

tion solution to a serial solution. In fact, the serial characteristic of the 

single channel ~eceiver data does not lend itself to a deterministic solution. 

It is more compatible to a filtered solution. However, the use of a complex 

f iltered solut ion is neither necessary nor desirable for quick look purposes, 

and, therefore, the NAV/ CAL trajectory will probably be obt Pined using a linear 
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xtrapolation teclJiique and the "!Xisting deterministic solution. This modifica­

t ion, along with a new input routine for reading the serially formatted EU tape 

are the only foreseeable changes in the NAV/CAL program and do not represent a 

major programming effort. 

10.3 MODIFICATION FOR OPrION II AND III 

rhe impact of the other two options (II and III), digital receiver, and on-board 

computer, on the field site data processing will now be discussed with respect 

to the software which has been developed for the NC-135 program. Option II, the 

digital receiver, will have a minimum impact on existing software. Unlike the 

GFE receiver, the output of the digital receiver will be identical to that 

obtained from the four-channel receiver in the NC-135 program. Therefore, the 

tape formats and EU program are unchanged. Minor changes, if required, such as 

additional receiver discretes have essentially no impact on the software. Since 

the digital receiver looks like a four-channel receiver as far as the software 

is concerned, no modifications to the NAV/CAL program are necessary. 

Option III, on-board computer, requires that data processed by the on-board 

computer as well as the receiver be recorded for post flight analysis. This 

ncessitates a modification to the airborne recorder tape format. A preliminary 

investigation has shown that the best approach is to record the receiver data 

as described above for the proposed program during the flight data run. At 

t he same time, the on-board computer will be sampling the receiver outputs, 

comput ing a navigat i on solution, and storing t he results in memory. A:f'ter t he 

f light data run has been completed, the recording system will stop sampling 

recei ver output s and connect to the computer to unload the stored computer 

sol ution onto t he data t ape. Thus the tape would consist of two major data 
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r r un . One data block consists of receiver dat a and the other ccnsists 

o ompu er dat a. The post flight analysis software must separate this data 

in o two t apes. The receiver tape would then be processed by the EU and NAV/CAL 

programs . The computer t ape would be processed by a new program which performed 

any t ape decoding necessary t o obtain a t ab list of dat a and obtain a tape 

sui able for further analysis programs. The solution obtained on -board will then 

be compared to that generated by the NAV/ CAL program to determjne the validity 

of the on-board solution . The remaining dat a analysis and comparison to WSMR 

reference trajectory dat a remains unchanged from that established i n the NC -135 

test program. 
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APPENDIX A 

AN IDEAL II.S TRANSMITTER CONFIGURATION 

UMMARY. A set of mathematical relations is derived for an idealized ILS config­

uration . The most significant conclusions are that for a four transmitter config­

uration with three transmitters constrained to the ground the minimum achievable 

errors are: 

Horizontal Error: 

Altitude Error: 

where crR is the standard deviation of ra~e measurement, assumed equal for each 

transmitter . These minimum errors occur simultaneously when the three ground trans­

mitter form a symmetric Y about the critical point (landing point for the helicop­

ter , flare for an airc.raft) and the fourth t ransmitter is directly above. 

INTRODUCTION . A basic accuracy requirement of an IIS tradeoff study is that errors 

be small at the critical point, with altitude accuracy being most critical . A 

logical approach to the overall tradeoff problem is to erive the mathematically 

optimum solution and then to attempt to achieve this configurati0n as closely as 

possible within the practical constraints . In this appendix we present the deriva­

t ion of the optimum ideal solution. 

lil order to const r uct a meaningful math model we list the following observations: 
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• For the cases of interest the distances between transmitters and the 
critical point are large compared to the vehicle altitude. The 
critical point may therefore be treated as if it were in the plane 

• 
of the ground transmitters. 

With the aid of filtering the pseudorange bias and bias rate should 
be reduced sufficiently so that the system appears as a ranging 
system. This assumption is the basis for the utilization of Dynamic 
GDOP as a useful figure of merit (Rer. 1). 

STAT01ENT OF THE PROBLEM, Let position at a point, P, be det -:? rmined from N range 

measurements (N ~ 3) originat ing from known locations. Let the transmitti•r loca­

t ions be constrained as follows: 

(a) Transmitters 1 through N-1 must lie in the horizontal plane passing 
through P, 

(b) Transmitter N may be placed arbitrarily. 

Assume all range measurements are indepent with equal standard deviation, ~R• 

We will show 

(1) The horizontal position error is dependent only on transmitters 1 
through n -1. 

(2) The vertical position error is minimum when the unit vector from P 
to Transmitter N is normal to the plane. This minimum corresponds 
to 

(3) If N = 4, then the minimum in-plane error occurs when the unit 
vectors to Transmitters 1, 2, and 3 fonn a symmetric Y. 

This corresponds to 

(4) other solution configurations, equivalent to the symmetric Y, are 
obt ained by rotating any transmitter 180° about the point P. 
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F TATEMENTS (1) AND (2). The system is described by the equations 

where 

... -MSY = SA 

M= 
r., 1,,.. o 
t,,.. I 11,,4,. O 
, ,,, ,,,. r.,, 

SY • , ... Ci.,,~,,., I '1:,) 

'~ .. ,. ' ( '~ ' • • • • • f ~-) 

The least squares solution is the solution of 

where ,, ,, 
~ f.. .... E r. I ,:-1. ,., ., ;.., 
., ,, 

~ 

M~H s % , .. , , ... 2 r.· .. • • ,., . ., 
,.,,,j,,,, ,,.,, 'I,,, .. 

and 
,, 
I I:, '~. ,., ,, 
~ r ,~ ... ·~ 

J;,. '~., 

A-3 

60 

t,,, r,,, 

1,,,,. r,,J 

'" (,,, 

(A-1 ) 



s l these equations without using general inversion procedures. Rather we 

ipulate as follows. 

Observe that 

So that, if 1,-,~ -j. 0 

and ,;., t.,. , v, = r,., s A.. - ( r,,,,., v, 1- ,,,, '•~ s v.) 

T,.~ l • ., , Y1 : t,-,a. SA., - lt,., 1,w•, Y, • r,.=-, Y1 ) 

Substituting these relationships into equation (1) we can write 
~ • h -~ E I,, l 1.·, ,;,, '"' £ t.·, t IC; . . , ,, . ... , ,.. .., --

and 

Frt'm (A-2 ), 6 and 6 are indepent of 6 ~, so that 
Y1 Y2 

A-4 
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nd 

Since the second tenn on the right is always~ 0 it is minimized when it is s0 t to 

zero . We simultaneously minimize this tenn and mE.Ximize the denominator by 

choosing 

from which 

or 

YH, = r,,~ = 0 

i,,, • I 

Thus statements (1) and (2) are proven, 

PROOF OF STATEMENT (3). Let T1, T2 and T
3 

be the three transmitters in the plane. 

The proof is achieved by utilizing two steps . Step (a) : Let T1 and T2 be two 

- -transmitters in the plane with unit vectors y1 and v2 . Then the best location 

for transmitter T3 is so that i ts unit vector is either along the angle bisector 

between y 1 and y 2 ( when the smaller angle between y 1 and y 2 is obtuse) C'I!' 110:rmal 

to it ( when he smaller angle is acute) . When the angle b ween y 1 and y 2 is 90 °, 

the choice of T
3 

is arbitrary in the plane. 
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. Without loss of generality define the coordinate system so that the 1-axis 

is he angle bisector. 

then equation (A-2) evaluates to 

so that 

14 (,A, t SA,) ♦ )i, '~ 

f (,1..- ,4> t Y,, S«, 

combining (A-4) and (A-5) and using the fact that 

t,,~ • r,: • I 
,,_,+.~• I 

we obtain 

where 

3 

(A-4) 

(A-5) 



, I 

he numerator is independent of y
3

, the error is minimized by maximizing D. 

This is achieved as follows: 

If 

(A -6) 

If 

(A-7) 

-If ~ = B; the ch:>ice of y
3 

is arbitrary i n the plane. 

COMMENT . The statement ~ < 8 is equivalent to the statement that y1 and v2 fonn 

an obtuse angle . 

Step (b) : Given that T1, T2 and T
3 

are oriented as in (A-6) or (A-7), an optimum 

choice for 8 and ~ is such that T1, T2 and T
3 

o a symmetric Y. other equivalent 

choices are obtained by reflecting transmitters 180° . 

PROOF. Consider the case where e2 
> ~

2
. The Denominat or is given by 

) ~ 2. f 1 
( :a. I(."+ ~ a 2.. ( I - ,t. ") ( 2. -'. ~ + 1) 

~? = YA- (1-ya') 
and 
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h erivative is zero when 
.tao; .&a !I; J).a2. 

Ii ' ,11 .. r." 'aY, ., ,, .. J .: • ~ 
But for this case, 

~ 

;:~ :: 'I ')' 0 

and D is at a relative minimum. 

2.. 

The second case is 0( : ~ 1/a_ j ./, • ~ {i/2, ; 1) • t/f 
F[s~•+sY:J % '1,-,_'/l 

~ ,.p :: - 8 
)-( ~ 

and D is at a relative maximum. 

For the case ,C. \. '1' .fJ" 
»• a..tt.(aa~ .. ,J: ~-<'-(s-i.t1 
ll a ,a..(-,, .ta, 

l~. ~ ,1 - ,, "'. 

So that the desired solutions are 

• 

for the minimum error. 
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APPENDIX B 

IMPACT OF BAL:WON EHIEMERIS ERRORS ON ILS ACCURACY 

This section discusses the impact of tra.nsmitter ephemer is error s on 621B naviga ­

t ion accuracy. Of particular interest to t he I LS demonst ration is the f act that 

t he impact approaches zero as the user posi t i on approaches the MCS, provided con ­

t inuous MCS data is employed by t he user algori thm. 

The basic equation relating user position and t ra.nsmitter posit ion to t he pseu-

(B-1 ) 

where ¢Si is the th i - tra.nsmitter clock phase ( i n f eet ) 

¢u is the user's cl ock phase ( in feet ) 

Rui is the pseudo range measurement output of the user 
-
xi is the position of the transmitter 

y is the user position 

The a.nalogous equation relating the MCS location and t r ansmitter position to the 

pseudo range measurement is 

""': :: Jr-c--.-_ ""!!"', .. --)---(~.----)(-,: ~)' T" '1s ' .. ti I( 
(B-2 ) 

where Z is the MCS position 

¢K is t he phase of the MCS clock 

Th pseudo range, which is used as an input to the navigation solution is con­

s ructed from the relation 

B-1 
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(B-3) 
where f i is computed from 

1..: ~ J .... ,-.-... ;-,.J---l-i---i:-. )~7 

(B-4) 
Combining (1), (2), (3) and (4) we see that in the l',bsence of errors 

or 

where 1'\ iR the true range 

B is pseudo range bias, whicl. is independent from channel to channel. 

ERROR ANALYSIS. The basic pseudo range measurement equation is 

( 1- i. ) • c 9 -x.: ) .= ( "' - a) -a. 

Consider the impact of ephemeris error on position perturbing equations 

( ) we obtain 

(B -5) -
where y is the unit vector from transmitter ( i) to user . 

But o R. i e an error caused by contributions by each of the three terms in equa­
l 

tion (3) 

(B-6) 

T~1e e rrors, o R • and 6 R . are measurement errors; the error 6 / . U l ~1n 
l is caused by 
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rr ephemeris values in the equation (4) 

1ere y, . is the unit vector from transmitter ( i ) to the MCS l 

ombining ( 5), ( 6) and ( 7 ). 

~ • Sy ~ ( i. -~,) • S X:~ + IR,,., - S "" ,· 

(B -7) 

Thus, the ephemeris error appears to be like an additional mea surement error of 
the f orm 

In matrix notation 

SA;, : ( r. -r,..·) r SK,.· 
and 

E [ U,,"] = (i.· - r_. / J X;l 'If/ ( i.· - itt.,) 
(B -8) 

It is seen from (8) that if yi = y . then E ( o R. 2) = 0 
Ul 1€ 

and if the magnitude, / y. - yk. / , iE small then E (y R. 2 ) is small . l l 1€ 
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