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I'NCLASSIFIKD A11SIKACT 

(U) This final teolmlcal report describee the work accomplished on the 

Track-tfhile-âcan r)ata Processif Investigation Contract. The otJectU» 

of this program was to demonstrate the feasibility of using slm}.t micro¬ 

electronic shift register circuitry to inhibit detections that do not sat¬ 

isfy appropriate scan-to-scan correlation criteria. In the absence of such 

rejection circuitry, the TWS digital computer L. required to sort and reject 

frequent noise detections and this substantial iy influences the size of com¬ 

puter required, 

(U) The program entailed the fa:ricat ion of noise rejection circuitry 

and its evaluation in conjunction with the treadboard infrared Track- 

Whlle-òcan subsystem developed under an earlier contract. The results of 

.he evaluation tests have verified the performance characteristics of the 

noise rejection circuitry when tracking simulateand moving targets, and 

have demonstrated that Implementation f the noise rejection circuitrv can 

.■e accomplishes with low-cost lov-veigmicroeieet ronic modules. 

(U) The performance gain resulting from the inclusion of the noise rejec¬ 

tion circuitry in a typicau. Infrared track-while-scan sensor is show:, to 

correspond to either 1; a easing of the computer load or . a Ifdf 

improvement in detection sensitivity. 

Hi 
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1.0 INTRODUCTION 

(U) This Final Report summarizen the work accomplished on the Track-While-Scan 

Data Processing Contract F33-615-70-C-1635. Approximately 4»3 ■an months 

of effort were expended on the contract. All contract objectives were met 

and measurement data was obtained in sufficient depth to predict operational 

hardware performance. 

(U) The Track-While-Scan Data Processing Investigation has involved the develop¬ 

ment and evaluation of a concept to reduce the computer load in an infrared 

system. The reduction in computer load is achieved by using simple micro¬ 

electronic circuitry to inhibit detector signals that do not satisfy appro¬ 

priate scan-to-scan correlation criteria. In the absence of such microelec¬ 

tronic circuitry, the TWS digital computer i; required to sort and reject 

frequent noise detections and this substantially influences the size of 

computer required. 

(U) The program entailed the fabrication of noise rejection circuitry and its 

evaluation in conjunction with the breadboard infrared Track-While-Scan 

subsystem developed ’under an earlier contract, 

(C) The results of the contract show that the inclusion of noise rejection cir¬ 

cuit gives an effect which is equivalent to increasing the aperture diameter 

by approximately 15^. 

1 
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2.0 DESCRIPTION OF CONCEPT 

In IR Track-tfhile-Scan syeteaiB, much of the data proceealng load ie placed 

on a digital computer which proceaeea the eequentlal target detectione and 

aaaemblea them into individual amoothed target tracka. The computer opera- 

tiona typically involve data atabilization, acan-to-acan correlation (to 

reject random noise detections), and track smoothing. 

One way to reduce the computer load is to use external circuits to perform 

noise editing by scan-to-scan correlation. This is the approach evaluated 

by this contract. Until recently this has not been feasible due to the 

quantity of circuits required and their iiigh cost. However, recent advances 

in the microelectronics field have led to the development of low-cost shift 

registers suitable for directly implementing the required scan-to-scan 

correlation operation. 

In the past six years the cost per bit of microelectronic shift registers 

has dropped from approximately ten dollars per bit to one cent per bit, 

and the packing density has improved by approximate!} three orders of magni¬ 

tude,, A brief discussion of the cost trend for microelectronic shift regis¬ 

ters covering the years 1962-1972 is given in Appendix I. 

The proposed noise rejection concept utilizes a shift register memor to 

open a gate in each detector channel at approximately the same azimuth 

location that a threshold exceedance occurred on the previous scan. In 

this manner only the data from targets that repeat within preset limits 

are passed on . o the computer. 

A block diagram of representative scan-to-ecan noise rejection circuitry 

is shown in Figure 2-1. Activation of the threshold causes a binary r'l" 

to be sent to shift register #1 where it is sequentially clocked through 

the shift register and appears at its output exactly one scan period later. 

The output of the shift register #1 is used to open Gate G. If a new 

threshold exceedance occurs during the time the gate is open, it passes 

through the gate and is used to initiate the reading of observation data 

(detector number, azimuth, attitude reference data, and time) from the 

2 
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infrared scanner into the track coaputer. By ueing an "OR* circuit to 

combine the outputs from the last few flip-flops of shift register #1 and 

the first few flip-flops of shift register #2, the gate time period is 

extended to correspond to a sufficient azimuth increment to allow for 

changes in azimuth angle that may occur due to the angular velocity of 

the target and possible changes in the attitude of the sensor. Control 

signals from the end of shift register #2 can be used to maintain track 

through the occurrence of single missed observations. 

In the circuitry described above, only a single elevation channel is con¬ 

sidered. In practice two complicating factors arise which can cause 

a target to be observed on different detector channels successively. 

These factors are; 1) angular instability of the viewing sensor, and 2) 

target motion in the elevation direction. To ensure satisfactory opera¬ 

tion cf the noise rejection circuitry under these conditions the gating 

logic is modified to allow a threshold exceedance to pass to the computer 

if an exceedance occurred on the previous scan with an acceptable azinuth 

angle and also within an acceptable elevation field of view. Implementa¬ 

tion of this concept is accomplished as shown in Figure 2-2, where the 

number of separate shift register processing channels equals the number 

of detectors. 

To reduce circuit complexity,one might prefer an arrangement that shares 

each shift register channel between several output ga-;es,as shovm ln Figure 2_3 

Such an arrangement gives slightly Inferior performance to that of Figure 

2-2 (see the performance analysis of Section 2.1) but requires substan¬ 

tially less shift register circuitry. 

Performance Analysis 

For the scan-to-acan editing process shown in Figure 2-3, the average rate 

of threshold noise exceedances passed to the computer is related toi 

1) the noise exceedance rate at the outputs of the individual 

thresholds 

2) the number of detector channels (D) 

4 
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3) the number of detector channel, paralleled to each shift 
register processor channel (K) 

*nd 4) the azimuth gate intervals (0 , and ¢) 

If the threshold noise exceedance rate in each detector channel Is plven 

7 Nl' lh* PrDb*blUty tl”lt “"y •!>«»«« "Oise exceedance will pass throurh 
Its gate is given approxiiuately by P 

po = “i (ôp * e,) k. 
u lf J K < (2-1) 

i*) 

Thus, the total noise exceed 

approximately by 
anee rate passed to the computer (N ) is given 

No = Po¥ = Nl2 (0: +l9 ) K D (2-2) 
u> 

This is to be compared with the value (N^D) that would be passed to the 

computer in tne absence of the noise rejection circuitry. 

for the configuration considered .figure .--3} 

K = Z f E 

where Z is number of output pates controlled by each shift register procès, 

sing channel (a high number for low circuit complexity) and E corresponds 

to the scan-to-scan elevation uncertainty of a target. 

In a typical system the following values may exist: 

K 

D 

U) 

0.5 per second 

. 1 radian (1 degree) 

5 

250 

2 7T radians second 

Substitution in Equation 2-2 gives Nq equal 1.7 per second (compared to 

125 per second without noise rejection) so it is seen that, for this example, 

the noise exceedance rate to the computer is reduced by nearly two orders of' 
magnitude. 

7 
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Figure 2-4 shows a curve of overall "noise rejection ratio" versus (1^), 

for several values of K, and the above typical values of 0 and K . 

The tern, "ncise rejection ratio", here refers to the ratio of noise exce¬ 

edances to the tracking Computer with and without use of the noise rejec¬ 

tion circuitry. 

N D 
Noise rejection ratio = _i _ __ 

¿{6l + 02) K D N1 ,6 + 9 ) K 

UJ 

Wien 0± ~ 9o ~ ^ degree (.017) radians) and (o - 2 TT radians/second 

Noise rejection ratio = 180 

Ni * K 

It must be emphasized that repeating observations, for example those aris¬ 

ing from stars or stationary background features, vil] not be rejected 

unless appropriate moving target logic is applied. 

8 
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3.0 LAbOKATORY EVALUATION TESTS 

3.1 Leacrlptloa of Twdt CotiTl^^ratljti 

The described noise rejection concept whs evaluated in the infrared track- 

uhile-scan (TWS) subsysteiL developed earlier under Contract AF33(hit)-8496, 

The major components of the TWS subsystem are shown in Fifore 3-1, From 

left to right in the photograph are the scan unit, the control console, the 

data processing unit and the magnetic tape unit on which sensor information 

is stored prior to off-line processing by a Ian rat ry digital computer. 

For laboratory tests, the TWS scan unit is rotated at a constant speed of 

1 rps and target energy which enters the scan unit through the primary 

optics is focussed onto an array of optically Immersed PbS detectors. Tar¬ 

gets at different elevation angles excite different detectors. Each detec¬ 

tor output is amplified and frequency filtered nefore being compared to a 

preset threshold level. ccurrence of a threshold exceedance results in 

the transferring of target parameters to the magnetic tape ready for input 

to the digital computer where target tracks are computed. The data trans¬ 

ferred to the computer includes the azimuth angle of the observation, 

related sensor attitude information, time reference data, and the position 

in the array of the excited detector. 

The detectors used in the scan-to-scan noise rejection tests were fabricated 

for an earlier contract "Pulse Compression Techniques for Infrared Surveil¬ 

lance," Contract Number F33(615)-67-C-1803. Five such detectors were used, 

each providing 1.0 mr elevation coverage. 

A block diagram of the scan-to-scan noise rejection circuitry used in the 

laboratory evaluation tests is shown in Figure 3-2 and a photograph of the 

package is shown in Figure 3-3. By controlling the switches S, through St 

different values of the parameter K (referred to in Section 2.1) are 

selected In the range 1 * K ? 5. The threshold exceedance signals from 

the switches are combined in appropriate "OR" logic and used as Input to 

shift register #1 which is controlled by clock pulses from the azimuth 

shaft encoder to provide a delay that corresponds to exactly one revolution 

in azimuth (1024 bits per revolution gives approximately 1/3 degree defini¬ 

tion). The scan-to-scan correlation criterion is imposed on the shift 

10 
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(U)regiBter signals by means of the logic ciroiite lettered P and Q. Signage 

that satisfy the scan-to-scan correlation criterion are transmitted through 

the AND gate Q and are treated as apparent target sightings, and in an 

operational system their associated parameters would be passed on to the 

computer. 

(U)For test purposes counter A accumulates the« total number of thresholc exce¬ 

edances supplied to the input to the noise rejection circuitry and counter 

"B" accumulates the number of thresnold exceedances that pass the scan-to- 

scan noise editing process. 

3.2 Performance Evaluation Test;1 

(U)The performance of the noise rejection circuitry was evaluated through a 

series of laboratory tests. The testa were designed to substantiate the 

noise rejection theory of Section 2.1 and evaluate performar.ee when track¬ 

ing stationary and moving targets. Tracks with deliberately missed points 

were generated to check that the expected reacquisition performance was 

obtained. 

3<2.1 Verification of Noise Rejection Theory 

(U) Tests for verifying the noise rejection theory were inducted utilizing 

the circuit configuration shown in Figure 3-2. Measurements were made 

for two individual detector channels and the results are shown in Figures 

3-4 and 3-5. In each case, the input noise exceedance rate was varied 

by adjusting the threshold circuit associated with the channel under test, 

and a 500 second average of the input and output noise rates were recorded 

by counter A and B, respectively, and used to compite the noise rejection 

ratio. Agreement between theory and practice is seen to be good. 

3,2.2 Stationary Target Testa 

(C) The stationary target tests demonstrate the performance of the noise rejec¬ 

tion circuitry when detecting stars or fixed background features. For 

these tests a simulated target source was placed 100' from the scan unit 

and seamed for nine consecutive scans. The output of the noise rejection 

circuitry for each scan is shown as a separate trace on the oscilloscope 

CONFIDENTIAL 
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(Detector Channel #1) 

AVERAGE INPUT RATE (¡ or second) 

Figure 3-4 NOISE REJECTIOU MEASUREMENTS (U) 
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(Detector Channel #3) 

AVERAGE INPUT RATE (per second) 

Figure 3-5 NOISE REJECTION MEASUREMENTS (U) 
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(C) photograph in Figure 3-6. The vertical poeition of the trace was automa¬ 

tically advanced prior to each ecan so the photograph shows a time sequence 

of the eight scans. Target detections are indicated by the square wave 

signal on each trace. Figure 3-6B shows the test results for a case where 

a target detection wa* deliberately missed on Scan 5 (accomplished by 

turning off the simulated target source for one scan). The photograph 

shows that, as expec ,ed, the target was reacquired on the scan immediately 

following the miss. 

3.2.3 Moving Target Tests 

3.2.3.1 Horizontal Tracks 

(C) The moving target tests utilized a Target Simulation Unit, developed under 

Contract ^5*33(615)8496, to generate target tracks. Angular velocities 

were selected in the range 0C5 to 5.Û milliraulans per second. Figures 

3-7A, 3-7B and 3-7C show the results obtained from three tests involving 

a track with horizontal angular velocity equal to 4 milliradians per second. 

The „.^graphs in Figure 3-7 were obtained by using the noise rejection 

circuitry output to intensity modulate an oscilloscope. The "X" position 

of the points correspond to the azimuth angle at which the target was 

detected. Figure 3-7A shows the track correctly detected on nine consecu¬ 

tive scans, Figures 3-7B and 3-7C show results with one, and two, deliber¬ 

ately missed observations. As expected, in the case of two missed obser¬ 

vations (Figure 3-7C) the noise rejection circuitry caused one extra miss 

to occur. 

3.2.3.2 Sloping Tracks 

(C) The ability to track through several detectors was verified by simulating 

a target trajectory that had a vertical component of velocity in addition 

to a horizontal component. The results of two such tests are shown in 

Figure 3-8. Figure 3-8A shows a continuous sequence of observations while 

Figure 3-8B shows a deliberate miss of the second observation on detector 

#5. The detections on channel #1 resulted from a high noise condition on 

that channel giving rise to some noise leakage. 

CONFIDENTIAL 
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Figure 6A: CONTINUOUS TRACK 

SCAN 

NO. 2 
NO. 3 
NO. 4 
NO. 5 MISSED 
NO. 6 OBSERVATION 
NO. 7 
NO. 8 
NO. 9 

Figure 6B: TRACK WITH MISSED CiiSERVATION 

Figure 3-6: NOISE REJECTION CIRCUITRY - STATIONARY TARGET TEST RESULTS (U) 

18 
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Figure 7A: CONTINUOUS TRACK 

Figure 7B: TRACK WITH ONE MISSED OBSERVATION 

Figure 7C: TRACK WITH TWO MISSED OBSE RVATIONS 

Figure 3-7: NOISE REJECTION CIRCUITRY 
SINGLE CHANNEL MOVING TARGET TEST RESULTS (U) 

19 
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Figure 8A: CONTINUOUS TRACK 

HORIZONTAL VELOCITY =- 2 MILLI RADIANS/SEC 

VERTICAL VELOCITY = .5 MlLLIRADIANS/SEC 

DETECTOR 
CHANNEL 

NO. 9 

NO. 7 

NO. 5 

NO. 3 

NO. 1 

Figure 8B: TRACK WITH ONE MISSED OBSERVATION 

DETECTOR 
CHANNEL 

NO. 9 

NO. 7 

NO. 5 

NO. 3 (MISSED 
OBSERVATION) 

NO. 1 

HORIZONTAL VELOCITY - 4 Ml LLI RADI ANS/SEC 

VERTICAL VELOCITY * 1 MILLIRADIAN'SEC 

Figure 3-8: NOISE REJECTION CIRCUITRY 
MULTIPLE CHANNEL MOVING TARGET TEST RESULTS (U) 

20 
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(C) In Figure 3-8 It 1b «pparent that detections were received on detector #3 

Lumediotely after they were lost on detector #1, this situation aroee 

because the blur circle of the test facility nas degraded to approximately 

0,9 or diameter compared to the detector heights of 1,0 mr. 

21 
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4.0 COMPUTER LOAD REDUCTION AND ALTERNATIVE SYSTEM TRADES 

The function of the Noise Rejection Circuitry is tc edit the information 

from an IR sensor prior to processing by the digital track computer. All 

threshold exceedances that fail to pass a acan-to-scan editing ceriterion 

are rejected thereby reducing the load on the digital computer. 

As an alternative to reducing the computer load, one may elect to work 

with a reduced threshold-to-noise ratio (Increased noise into noise rejec¬ 

tion circuitry) and gain either; a) an improve target detection proba¬ 

bility, or b) a reduction in aperture size for the same target detection 

probability. 

These alternatives are briefly discussed below. 

4.1 Reduced Co:ai;uter Ljad 

Consider first the consequences of leaving both the target detection proba¬ 

bility and aperture size unaltered. 

The amount of computer load reduction achieved through the use of the Noise 

Rejection Circuitry is of course dependant on the specific computation func¬ 

tions implemented by the tracking computer. These functions vary in detail 

from one system to the next but they typically Include functions such as: 

. data formating 

. data stabilization 

. scan-to-scan correlation, and 

. track smooLhing 

The compiler load depends on the rate of observation that it must process 

and on the character of the observations (i.e, do they arise from a true 

target track , random noise effects, or background clutter). 

In considering the computer load reduction it is important to distinguish 

between the "average" computer load that must be handled on a continuous 

basis to ensure satisfactory surveillance, and the "peak" computer load 

which occurs when the surveillance system detects a threat and is called 

mrnmmm*., 
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to simultaneously track a maximum number of targets. In order to give 

quantitative examples of computer lead reductions that can be achieved 

through the use of the noise rejection circuitry, an IR TW5 system with 

the following characteristics Is considered: 

Number of detectors (D) 

Scan rate ( ) 

Random noise pulses per scan 

250 

2 nradians per second 

125 (0.5 per detector 
channel) 

Number of detectors per noise 
rejection shift register (K) 

Azimuth late Size ft 1--= e ) 
5 

.017 radians (1 degree) 

and the computation functions of the tracking computer are assumed to oe 
as follows: 

liâîdi_Input i runs! er - Transfer tne data associated with each 

detec „ion fuetee, r ft t azimuth, time, attitude reference informa¬ 

tion, etc) into the computer. This process typically requires 

1- computer instructions per detection. 

Data For.-.at - arrange input data into correct wore lengths and 

store in memory, »his process typically requires 12 computer 

instructions per detection. 

Detector Array A-ll^nment Corrections - Compensate for minor mis¬ 

alignment oí the detectors. This typically requires 24 computer 

instructions per detection. 

Data Stabilization - Perform coordinate transformations from 

sensor coordinates to inertlai coordinates. This requires approxi¬ 

mately 1600 computer instructions per detection. 

Dcan-to-ocan norre» at ion - Correlate Incoming sensor data with 

stored observations from the previous scan to identify the n> j 

observations as; continued target tracks, repeat background 

observations, or possible track initation points. Data from the 
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(U) previous scan that does not fit either of the first two cate¬ 

gories is dropped from consideration. 

(U) Typically the .Tomber of computer instructions for each noise 

detection is 100 + 200 [ lota; emceedances. scanl and for each 

L 50 J 

star or target detection 100 t 203 [1+total exceedances, scai,1 
1 50 J 

(U) The 100 refers to the number of instructions required to establish 

angular limits around each new detection within which detections 

from the previous scan will be checked and the 200 refers to the 

instructions required to c>apare new aetecticns with data from 

the previous scan. 

(U) Traen ¿moothln# - òmooth through the positional data associate'., 

with established tracks. This routine requires approximately 

4 computer instructions per track. 

(U) Output FormaitIn,' - Format track information for display and 

furth'-r processing. The routine typically requires 5¡ ' instruc¬ 

tions per track observation and 1003 for each completed track. 

(If) The impact of using the described noise rejection logic is demonstrated 

by considering two typical operational senarios for the above sensor. 

Total Noise 

Scenario 

1. Average Surveillance 

Condition 

2. Maximum Target Threat 

Targets in field- 

of-Vlew_ 

0 

25 

Stars in 
Fleld-of-Vlew 

20 

Exceedance Hate 

Per Sec Per Scan 
(ahead of noise 

rejection ckt)_ 

125 

125 

(C) Consider first the average (surveillance) condition. The computer load with 

and without the noise rejection circuitry is shown in Table I. It is seen 

that the inclusion of the noise rejection circuitry reduces the average com¬ 

puter load by a factor of 87$. 
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(•:j The ease described above represents the average cooputer load condition 

and does not include any targets. When targets are Included, the overall 

computer load reduction achieved by the nolee rejection circuitry la not 

na great because the computer instructions related to processing target 

information is, of course, not reduced. For the selected example where 

a maximum of target tracks are included, the computer load distribution 

iS aS Sh0Wn in Table Ii* 11 18 seen that inclusion of the noise rejection 
circuitry results in a 63* reduction in the peak computer load. 

*•" ftlternutive d/stcn Tracr.i 

(iJ' The n0ise Performance improvement resulting from the incorporation of the 

scan-t .—scan noise rejection circuitry can be utilized for system gains 

ctner t*.an a reduction in the computer load. For example, if the computer 

load is to be left unchanged, the inclusion of the noise rejection circuitr 

permts one to operate with a reduced threshold level (higher noise exceed- 

l’1Crt rat® ■ 1 " ■ system letecti n sensitivity. 

•1 improve.; dystem letection Sensitivity 

(U) On the assumption tliat the noise signal into the threshold circuit has a 

gaussian amplitude distribution (a generally valid assumption due to 

electronic filtering effects), Figure 4-1 shows a curve that relates thres¬ 

hold exceedance rates to threshold-to-noise ratio for a detector channel 

tnat a typical electronic filter bandwidth 0 to 20 KHz. The plot¬ 

ted curve corresponds to the analytical expression (Kef. 1); 

(4-1) 

where Np is the exceedance rate of a threshold set at voltage T 

O’ is the rms noise value, and 

No is direction) zero crossing gate given by Ref 

N 
o 

O * w 

1 ; 

(4-2) 

for electronic filter bandwidth w tp w, . 
a b 

Reí. il) J. S. Bendflt, "Principles and Applications of Random Noise Theory", 
John Wiley & Sons Inc. New York pp 127-128. 
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(U) Signal-to-nolae ratios for 90* probability of detection are aleo shown 

along the axle of Figure 4-1. 

(S/N)p =0>9 = T/N + 1.25 

d 

(4-3) 

By way of example, consider a typical system setting 

Single/Ohannei Threshold 

(ü) Thres/N S/N for 90* Probability Exceedance «ate 

Setting 

4.5 

nr Detection 

5.75 

(bandwidth Q-20 KHlJ 

0.4b per sec 

(0) The threshold exoee.anoe rate per detector channel le 0.4Í. which represents 
a typical noise rate Imposed on a tracking computer. If scan-to-scan noise 

rejection circuitry Is Included (with K=1 see Section 1.1) the noise rates 

into the rejection circuitry can be Increaaed to 9.0 exceedance per sec per 

detector channel while maintaining the computer load at the Initial value. 

Acceptance of the higher exceedance ratee allow the thre.hold levels to 0. 

operated at 3./3 which corresponds to a U.5Í Increase In system detection 

sensitivity because targets with S/N ratios down tc 5.-3 are how detected 

with P = 0.9. (If the noise rejection circuitry la shared between five 

detector channels, K = 5, see Figure 4-, the corresponding Increase In 

system detection sensitivity would be 9.61,. 

(u) The example taken corresponds to a system that werke well Into system noise. 

In cases where high slgnal-to-noise is required on target detections, for 

example where multicolor dlecrlmlnetlcn or high tracking eccurecy 1. required, 

the threshold will be set higher (to minimi« noise Iced on the computer and 

the Improvement In system detection sensitivity attributable to the noise re¬ 

jection then Increases over that computed above. Figure 4-2 shows how the 

system detection sensitivity Improvement changes ae a function of ¡S N or 

P. = 0.9. 
a 

4.2.2 Angrture Equivalence 

(U) An interesting elternatlv. to the Inclusion of the sc.n-to-.c.n holes rejec 

tlon circuitry le to consider that the optic.l aperture 1. Incre.e.d to 

achieve the seme reprit In terms of either reduced computer load (Section 

4.1) or Increased system detection sensitivity. 
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(U) Because the detection seioltivity of a systec is proportional to the 

diameter of the optics, the aetection sensitivity improvements plotted 

in Figure 4-2 cun he directly interpreted as equivalent increases in 

aperture dianete’’. 

(C) It is concluded that the scan-to-scan noise rejection circuitry is an 

Elactronic Alternative to Aperture. Unfortunately the amount of "electronic 

aperture" can correspond to only about a 15Í increase in the physicai aper¬ 

ture diameter. The operational significance of this electronic equivalence 

of aperture clearly deponds on the system application being considered. In 

large cryogenlcally cooled sensors the noise rejection circuit will probably 

offer a worthwhile alternative to physical aperture, trat in smai- uncoo-ied 

sensors the related electronic conpxexity wi*~ be unjustifl®d. 

The above described equivalence of noise rejection circuitry and aperture 

is based on consideration of the aetection sensitivity of a system. In 

terms of other (more complex) system parameters, such aç multicolor dis¬ 

crimination performance cr tracKing accuracy performance, the equivalence 

of noise rejection circuitry ana aperture is not fully maintained. However, 

in any specific system application one can, by selecting different design 

alternatives, usually trade improvements in one performance parameter (e.g. 

detection sensitivity) for improvements in another performance parameter 

(e.g. tracking accuracy), thus the benefit of the noise rejection circuitry 

may be traded ' >r selected improvements in one or mere of the most critical 

system parameters. The methods and limits of trading between system perfor¬ 

mance parameters has not been well documented, and a need exists for a 

thorough analysis of that subject. 

CONFIDENTIAL 
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5.0 REJECTION OF STATIONARY BACKGROUNDS 

As the evaluation of the scan-to-scan noise rejection circuitry has pro¬ 

gressed, it has become clear that a careful modification of the concept 

may widen its applicability to encompass the rejection of stationary back¬ 

grounds In addition to the rejection of random noise effects studied 

under this contract. The logic so far discussed passes to the computer 

ali detections that have a close detection cn the previous scan. Thus 

the tracking computer is burdened with tracking many -unwanted tracks that 

arise from stars and spatial (cloud) backgrounds. Unlike the random noise 

effects, an increase in physical aperture sUe cannot reduce the conse¬ 

quences of a star field or spatia. background. 

Consider initially a condition where the T«IS sensor is well stabilized. 

In this case, the shift register circuitry can inpose the criteria that a 

detection is passed to the tracking computer only 11: 

1) there is a close detection on the previous scan, 

and 

2) that the previous close detection (or one some several scans 

earlier) possessed a measurably different azimuth angle to the 

present sighting 

This criterion would reject trecke that do not Mhlblt ailmth ratee preatar 

than some selectable mlninrum rate. 

The circuitry is identical to that shown earlier in Figu.-e .-1 except that 

the shift register taps that corresponds to exact revolutions are omitted 

from the gate logic. A conceptual diagram, for implementation of the above 

criteria is shown in Fig-are 5-1. 

To be of greatest value the requirement that the TVS sensor be stabilized 

should be removed. In this regard, two approaches can be considered. 

Firstly, by including variable clock delay circuits as shown in Figure 5-2 

it should be possible to adaptively correct foi the changes in (aiimuth) 

observation angles caused by measured instability of the sensor (equal cor¬ 

rections to small group of detectors should be sufficient in most cases). 

32 



In this case U le assumed that azimuth correction magnitudes can be 

accurately derived from the inertial reference system which accompanies 

the TUS sensor, 

A second, more powerful approach might use pattern recognition technique, 

to sense and track the angular changes that occur in the oackgrour.d ob¬ 

servations (due to the sensor instability ; and then pass to the track 

logic only those detections that are sensibly different irom the back¬ 

ground motion. Specific methods ior implementing the pattern recognition 

sensing have not been deve-ioped, but the overall concept appears to be 

well suited to the low cost digital pattern recognition capability cur¬ 

rently being developed at hoeing under independent research and develop¬ 

ment funds* Such a concept cf background tracking by pattern recognition 

may be applied in one or two dimensions (azimuth only, or azimuth plus 

elevation). In either case the concept depends on the requirements thsts 

1) the majority of detections arise from background, and 

.') the oackground ha: the property that spatially close 

detections :ehave similarly to each other. 

The pattern recognition approach car. be used to reject both stationary 

and moving oackground a. Targets are ret dec on the be si r of tneir 
behavior being 'ifi'erent from that of the background that surrounds them. 

33 
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ConclUBiOEB 

(U) A noise rejection concept has been evaluated theoretically and experinen- 

tally and it Itias oeen shown that inclusion of the noie« rejection clrcjlte 

in an infrared track-whlie-scan sensor can lead to either an easing of the 

related computer load or an Improvement in system performance. 

(C) With the detection threshold level left unaltered, the inclusion of the 

noise rejection circuitry redices the average compiter load by typicaxiy 

37 % and reduces the peaic load (which occurs when tracking a maximum num- 

ner of system tracic) by typically 63 Í. 

(C) As an alternate to reducing the computer load, the detection threehold ca:. 

be lowered and the detection sensitivity of the system increasea by approxi¬ 

mately 15Í. 

(U) Laboratcry tests bave verified the performance characteristics of the nolee 

rejection circuitry when tracKÍnÉ- simulated stationary and moving targets, 

and have demonstrated th'it implementation of the noise rejection circuitry 

can be accomplished with low-cost low-weight microelectronic modules. 

CONFIDENTIAL 
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APPENDIX I 

Shift Kegieter Technology 

The entire field of microelectronics has made very rapid progress since 

1962, but in no area has the progress been more rapid than in the field 

of shift register design. Figure 1-1 shows the trend of shift register 

cost for the period from 1962 to 19^2. 

Early shift registers were implemented using discrete components result¬ 

ing in relatively high cost per bit (approximately $10) and low density 

packaging (1 shift element per 4" by 4" card). The development of Resis- 

ter-Transistor-Logic (KTL) led to a package density of 1 «hift elements 

per TO—5 package lowered the cost per stilt element to ipproximate-} $4» 

The HTL circuit.i were sensitive to power buss and other system noise 

maicing them generally unsuitable for long shift registers. Tne noise 

problems were overcome in 1966 with the introduction oí Transistor— 

Transistor Logic (TTL) and the price dropped to approximately $1 per bit 

and the package density increased to J shift elements per package. ,TTL 

technology was used in implementing the test iiardware shown in figure 

3-3) 

The most dramatic cost and packaging breakthrough came with the oevelop- 

ment of Metal Oxide Silicon (MOS) circuitry. Only one third as many 

process steps are needed in the fabrication of MOS circuits ar are needeo 

for fabricating TTL circuits which makes MOS Ideally suited to Large 

Scale Integration (LSI). Jsing current technology I£I it is possible to 

package a 1000 bit shift register in a single package. Power requirements 

for the MOS shift registers are typically lesa than 100 micro wa*t per bit, 

compared to 1 milli-watt per bit for TTL circuitry (usually an important 

consideration in satellite systems). The present cost of JOS shift regis¬ 

ters is approximately one cent per bit and is expected to drop to 0., cents 

per bit in the near future. 

MOS shift registers are divided into two classifications - static and 

dynamic. The static shift register uses two inverters in the form of a 

latch to store the data indefinitely. There is no minimum frequency of 

operation. Thu dynamic shift register temporarily stores the data on a 

37 
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capacitor inherent to a MJÜ device and cannot be operated below * certain 

clock frequency or the data will be lost» The dynamic sni-i registe* 

usually offers a apeec advantage over the static registers (typically 5 

MHz dynamic compared to ¿ MHz static) and consume less power. 

An example of a Müá shift register card is shown in Figure I-.: . This 

shift register card contains eight 1000 bit shift register circuits 

along with the associated clock drivers ana gates and would be representa 

tive of the circuitry required to implement four complete noise rejection 

circuits lixe that shown in Figure ■. 



Figure 1-2. MOS SHIFT REGISTER CARD 

40 
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