
- EV
AD A10781 0 DNA 5723T

A STEPPED-FREQUENCY HF RADAR FOR
IONOSPHERIC DIAGNOSTICS

Juris Petricsks

Charles L. Rino

Walter G. Chesnut hIT1tC

SRI International

333 Ravenswood Avenue O

Menlo Park, California 94025 r

20 March 1981

Topical Report for Period 16 June 1980-16 January 1981

CONTRACT No. DNA 001-80-C-0255

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED. I

THIS WORK SPONSORED BY THE DEFENSE NUCLEAR AGENCY

UNDER RDT&E RMSS CODE B322080462 125AAXHX64216 H2590D.

LJ

L. Prepared for

Director

DEFENSE I)UCLEAR AGENCY

Washington, D. C. 20305

\81 1126 020



Destroy this report when it is no longer
needed. Do not return to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, D.C. 20305, IF
YOUR ADDRESS IS INCORRECT, IF YOU WISH TO
BE DELETED FROMH THE DISTRIBUTION LIST, OR
IF THE ADDRESSEE IS NO LONGER EMPLOYED V'
YOUR ORGANIZATION.

I -

[ 1



UNCLASSIFIED

SECUPI!Y CLASSIFICATION OF ThIS PAGE (ftert Vat& Entered) R A NT UTOZEREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
IREPORT NUMBER 1.GOVT ACCESSION No. 3 RECIPIENT*S CATALOG NUMBER

DNA 5723T ~f Z z
4. TIT, E (saed Ssubittle; S. TYPE OF REPORT & PERIOG COVERI:D

A STEPPED-FREQUENCY HF RADAR Topical Report for Period
FOR IONSPHERIC DIAGNOSTICS 16 Jun 80-16 Jan 81

6. PERFORMING ORG. REPOR- NUMBER

SRI Proiect 1827
7 AUTHOR(s) 8 CONTRACT OR GRANT NUMBERrO)

Juris PetriceksDN0180C25
Charles L. Rino DAO1-0C05
Walter G. Chesnut#

9 PEAFORMIN%7 ORGANIZATIOIA NIAMC AND ADDRESS 10 P'ROGRAM ELEMENT PROJECT, TASK
SRI ntenatinalAREA & WORK UNIT r4UMBERS

333 Ravenswood Avenue uts12AXXl-6
Menlo Park, California 94025 SbakI5A1(L2l

1 I CONdTROLLING OFFICE N.AME A$-O ADDRESS 12 REPORT DATE
Director 20 March 1981
Defense Nuclear Agency 13. NUMBER OF PAGES

Washington, D.C. 20305 32

fSCHEDULE N/A

r 16 DISTRIOUTION STATEMENT (of this Report)

El Approved for public release; distribution unlimited.

17 DIS- RIBUiTION ST ATEMENT ;of the abstract tntered an )Hock 20. iI diffit-mt from Report)

16 SUPPLEMENTARY NOTES

This -.ork sponsored by the Defense Nuclear Agency under
RDT&E RMSS Code B322080462 125AAXHXf64216 H2590D.

19 it EY WORnS (Continue on reverse attri #I necessary ..a'd tide'ntly by bloci nufih..)

Ionospheric irregularitiesI Irregularity structure
Field-aligned backscatter
HF radar
Spread F______________________ ___

20 AEISTRACT f(CnsIInue. - r..crie aid- I nre..,a, &.4 sdontify by block rwt#,b.,)

' Naturally occurring ionospheric disturbances generate structure over an
extremely large range Cf scale sizes and intensities. To diagnose the iitter-
acting plasma processe:. that cause this structure continuum requires a
variety of complex instruments. This report describes a multiple-frequency
HFf backacatter radar ciat can measure the Doppler spectrum of structure in

the scale-size region from tens of meters to meters. This structure regime

scasplasma depletions, currents, and eeti ils
DDt 17 EDTION OFINOV91S IS OISOLETE NCASIFE

SECUITY LASIFICTIO OF HISP 'GE ~7. Data tw.



-j UNCLASS IFIED

SECURITY CLASSIFICATION OF ThIS PAGE(whan. Data Ented)

I UNCLASS [FIED
SECUR!T'r C'.ASSlrlCAT;*N Or .ift paatw .gh.at. fwd



.Accessionvo

D?ic T,_

lIt Special

TABLE OF CONTENTS r I I

Section Page

LIST OF ILLUSTRATIONS .. .................... 2ILIST OF TABLES .. .......... .. .. .. .. .. .... 2

I INTRODUCTION. .. ........................ 3

II HFDIAGNOSTIC RADAR .. ..................... 5

A. General Considerations, . .. .. .. .. .. .. .. . .5

B. Sensitivity. .. ...................... 6

C. Operational Parameter:s . . . . . .. .. .. .. .. . .7

D. Antenna . .. .. .. .. .. .. .. .. .. .. .. .. 9

1. Overall Requirements. .. ............... 9

2. Design Choices .. ................... 10

3. Scanning Option. ................... 12

E. Transmitter and Receiver. ................. 13

1. Overall Requirements .. ................ 13

2. Design and Suppliers. .. ............... 14

F. Control and Data Acquisition. ............... 14

1. Overall Requirements .. ................ 14

2. Design .. .. .. .. .. .. .. .. .. .. ... 17

III SYSTDI COSTS AND RECO,%MEDATIONS .. ............... 19

REFERENCES *.. .. .. .. .. .. .. .. .. .. .. .. . .24



LIST OF ILLUSTRATIONS

Figure Pg

1 Pattern of an Inverted Log-Periodic Antenna ....... .I. 11

2 Array Directivity versus Element Spacing ........ ... 12

3 Transmit Section Block Diagram ... ............. .... 15

4 Receive Section Block Diagram .... ............ .. 16

5 System Control and Data Processing Block Diagram . . . . 18

LIST OF TALLES

Table Page

1 Hardware Costs .... ....... ............. 20

2 Labor Costs .... .. ....................... ..... 20

3 Installation and Operation Costs ............ 22

4 Cost Sumary ...................... 23

2

(,



3 I ITRODUCTION

Naturally occurring ionospheric disturbances generate irregularities

-~over extremely large ranges of scale sizes and intensities. Understanding

the interrelated physical prccesses that sustain these structures is im-

portant for mrodeling naturally occurring processes and similar processes

4 that may occur in a disturbed nuclear environment. A variety of instru-

nentation is required to diagnose these processes fully.

S-the Wideband Satellite tRino et al., 19801, for example, has trade

extensive equatorial and auroral-zone scintillation mreasurerrents from

which irregularity structures down to a few hundred mreters can be inferred.

Rocket probes have recentLy =,le ireasurements down to one-meter scale sizes.

-- Evidence of significant structures at smaller scale sizes has come excln-

siv-ly from measurements made by backscattr radars, which are sensitiVe-

to structures characterized by the spatial vmve number, k. that is twice

the spatial wave number of the radar frequency (k = 21 = 4 -A1 = 4a f / c

The enhanced backscatter occurs when p~asta waves are excited by a

variety of instability nechantsms. Depending on the instability "driver,"

the backscatter strergth and Doppler shift can 6c u.zed to masure back-

g;round ioopei paratreters. The Homer [Tsunoda and Presnell, 19761

and STARE IGreenwald et al., 19781 radars have been used to itap aurora!-

zone electric fields spatially. Backscar~ter at 50 2Mhlz fror the equatorial

I electrojet and the aurora., electrojet has been shown, experimentally

tFarlev, 1970; Greenwzld et a!., 19731 and theoretically [Sudan and Kcs-

I kinen, 19791 to be proportional to the strength of the electrojet current.

41 M'~oreover. heDoppler structure of the backscatter echo is related to the

plasmra dispersion relation of the instability.

Most of the scientific applications of radar backscatter have been

pursued at VHfF %here refractive berd-ing of t.he radar ray is negli~ibic.

It is recognized, however, that operation at lower H!F frequencies can

potentially explore larger irregularity structures. Such operation.



however, must accotdate all the complexities introduced by refractive

ray bending. Nonetheless, refractive bending can be used advantageously

to achieve the necessary perpendicularity condition in regions that would

otherwise be inaccessible for radar backscatter measurements.

In this report, therefore, we have emphasized a system that can

accommodate essentially the entire HF range. In such a system the high-

est pulse repetition rate can only be achieved at the higher frequencies

where ground clutter is minimized. Operational agility, i.e., a well-

designed control system, is the key to the successful operation of such

a radar.

A major concern in the design of such a rad3r is the size and cost

of an antenna system that can probe the longest wvelengths of interest.

The proposed antenna system consists of two log-periodic antenna arrays

to cover the 8- to 64-451z frequency range. The savings are substantial,
however, if the lowest frequencies are eliminated.

Both the transmitter and receiver use conventional hardware avail-

able from electronic component manufacterers. The radar-control system

employs a prograrmed microprocessor to set the frequency hopping and

transmitter dwell times. The data-acquisition system uses a minicomputer

in associat;on with a correlator or array processor to integrate and

analyze spectrally the digitally recorded data.

Section II of this report first describes in detail the constraints

that dictate the performance requirements for the major system elernents.

Section 1I then describes in detail an antenna system, a transmitter, a

receiver, and a control and data acquisition system that meet the desi,;n

criteria. Section lII describes the estimated costs of building the

adar system and our recormm.endations for its implermentation.
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II HF DIAGNOSTIC RADAR

A. Ceneral Considerations

Considerable experience has been gained over the last decade in

using IiF backscatter radars to measure quantitatively the backscatter from

highly field-al'gned irregularities known to be associated with aurt-ral

-i and equatorial spread F. We describe the design of an OF. radar sysxem

that fully exploits this technology for monitoring and diagno3ing spread F.

The functional elements of the radar include (I) the artenrM systeM.,

(2) the transmitter, (3) the receiver, and (41 the control znd data ac-
quisition system The transmitter and rec-iver are comparitively strai;ht-

forward. We propose a coherent pulsed system that can be stepped in fre-

quency from 8 Mrz to 64 MIz with at least 20-kW peak power.

- The lowest usable frequency is dictated by the ionospheric critical

frequency and the severity of refractive effects as weLl as the size and

complexity of the antenna system. The highest frequency is dictated by

the achievable sensitivity, because the echo strength fails off very

rapidly with increasing frequency. The system can, of course, be aiso

used for HF propagation experiments in their own right.

The control and data acquisition system must control the frequency

hopping and transmitter dwell and preprocecs and digita!ly record the

data as well as Provide real-time displays. Determination of the echo

Doppler structure and mear Doppler shift is czsential to identify the

physical processes associated with the enthanced plasma waves and, at tle

lowest frequencies, for identifiying refractive effects. Thus, the data

acquisition system must include a correlator or fast Fourier transform

(FFT) processing capability.

A-



B. Sensitivity

As outlined previously, stepped-frequency HF backscatter radar can

directly detect field-a~igned backscatter. With sufficient senrsitivity

and appropriately dein nenateiaiar C Cn quantitatively =easure

the striation spectral-desity function in the s~1-sae difsin

regiame and the U'opp)lar spectrum.I

As noted al-we, the critical frequ.nncy and refractive effects ;->vrn

the luti-ast u-sable- fr(-quency for the backscatter measurements. Sensitivity
dictates the highcst frequency, because the echo strenegth falls off vtry
rapidly with increasfin6 frequency. Chesnut. 119601 and Voodman and Basu

119781 have postulated that a signif~cart change in the spectral-density

Lurction can be expected at f zz30 ?~~;the-efore, the radar frequency

band should include this frequency range.

Extensive measurecents of field-aligned backscatter associated with

equatorial spread F have been performed iiy Balslev et al., 119721 at 55

M11. We have, therefore, chosen as a baseline the capabilities of the

55-Mz radar sy.stem described by Balslev et al. 119721. If we achieve

the recessaty sensitivitv to detect field-aligned b~.ckscattei at 50 Mz,

we expect to be able to characterize the striation spectral density in

th2 small-scale re-ime.

Using a paint-target figure cf merit defined as

F-' =PTG

whe re PTis Khe peak pa-t;er, C is th~e ante~tna Zain, k is thia wavelength,

and Tis the pulse width, the syster. used y 3lslev et al-, 119721. had

art F.It. -1.*2 X C WTs for 5 pulse le-.>gth Df lC-*- ;AE. For a bear filling

tarpet, the figure of n*rit is depizdent. In addition, the radar

- sensizivity is affected by duty cycle an"" dwell tzne. Tihese ozantities

are in turn deter-irezd by the desired rarie ress,!uzion, expected return-

tigna! Doppler shift, and allowablc rrnge anb.1gxity. Thc Specific con-

.ttraints ar-z described belov.
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C. Operational ParaLzters I
To derive the radar omerational parameters such as pulse ler-th,

I rulse repetition frequency, and dwell time at each frcquencv. 'e have to
o exa=ine their interrelationships. For a pulse of duration, T. the range

I resolution is given by the forula

Thus, i is deterrined by range resolution requirements or. conversely,

. the achievable range resolution is deterrined by T as dictated by sensi-

tivity require. nts.

For pulse-repetition rate of f liz, echoes fro- beyond

R = c- ,.3

a 2f
r

arc superimposed on echoes froix the primary ranges of interest and are.

therefore, a=-bisuous. The caxinz exFected echo rapge, t'herefore, sets

an upper bound on f . The quantity, f" also decertincs the Nyquist fre-

quency, or the =-aximr una=bibuousiy measurabie velocity, because Doppler

shifts beyond

r
a 2

fall within the pricary Doppler inUrval.

To place soe li-its on the radar operational para=eters we need to

look at the characteristics of the =ediu to -be measured. The sr--ectral

oeasure-ents of equatorial spread-F backscatter by B-i!iev et a. 119721.

and Woodzn and La H1oz 119761 shoi. that at 50-Miz spectral ;zdths as

broad a: 1OW) liz can te expected. in addition, the return isignass can

have a Doppler shift of as nuch as i00 iz. -Rakscattcr r,.s-ur-ecnts at

1 150 MQlz by Tsn--oda 119501 show that return strent?- falls oft rapidly

for ranges in excess of - 750 k.

The above reasurcaents dictate a =axiE usable f 2 II:. corrc-

pending to R 750 ik. and =in.- usable f 100 w. correspon-din.
a r

= 4



to a %;spie.r shif'z ;or s;pectral uidth) of 100 Hz. Since available broad-

band lIE traPs--itters o; eratc uith duty cycles of .. the FPulst recti-

Lion rate of 200 to iOO Hz sets the =axinu= pulse !cngth at 100 to 200 ..

The resuftin, range resolution is rro= 15 to 30 ~,or better if shorter

pulses or compressed pulses arc used.

Additiopal lim~itations are placed on the rad;-r operational paranetcrs

by the presence of single hop &roirnid reflection returns. Thze-ec 'iutter

returns are both tin~e and frequency depeadcnt. in order to accommod~ate

the clutter returns,the contr~al an.3 data acquisition sistcer wI.P necd to

be able to adjust the radar operational paraneters in real tine. The F

imrediate effect of the ground reflection return.5 is OtC need to reduce

f rin order to accept a larger R a. Nell tine uill need to he incascd

to =aintain spectral =easurenent error bars at an a-cceptabic leve!. It

is clear that the reqriirenent to reduce f r i'-l severciy linit the sptt-

tral =easurement capability of the radar.

city resolution by the forn-ulaU

2t
0

To obtain a velocit-4 resolutionk of 3 t-1s at 50 ":-Olz icorrcspond in., to aV

one-Hzt Doppler resolution) requires a cohexrent prozcessi;n4 tine of oric

second. However, to obtain spectral mmeasurenent error bars of less than

tuo percent using thc previously deternmined pulse repetition rates of

100 to 200 Iz, the duell tine uould have t&, be increased to 15 s to allow-

averaging of the necasured spera.

The n=axinun observation tinec is set hi- the ionos-heric -ration and the

antenna bean-width transverse to the ionospheric ra-tion. 1s in. 1- 1=/s

as the naxinu- ionospheric n-otion velotity and assurin, a antea

bea-width, givcs 100 s ab the tine required fo: -a bjcks attcr fcaturc aut

an alt'tude of 300 to -.00 kn to nove thr-mguh the antcnna3 bcan'. This

li~itatio-i will allo. seven trans--tted torequencies to D- used with a~

dwell timc of 1.5 s at each irccucncv. The frcqutt-t ran., frcc - to

&4--Miz can be adequatcly covered by- see frequecyc scttznis -at S. i2'



16,24,32,48, and 64 MHz. If a narrower beamwidth antenna is used either

the dwell time or frequency coverage will have to be reduced.

The proposed stepped-frequency HF radar should have the following

performance:

* Pulse repetition frequency, fr 200 Hz

* Pulse length, t!t " 100 4 s

" Dwell time, t 0 15 s
0

" Operating frequencies, f 8, 12, 16, 24, 32, 48, and 64 Miz

These parameters are consistenc with available two percent duty cycle

transmitters and will accommodate ionospheric velocities of up to 300 m/s.

D. Antenna

I. Overall Requirements

The proposed stepped-frequency HF radar frequency range extends

from 8 to 64 MHz. To n.:asare the characteristics of the striation spec-

tral-density function in the small-scale regime as a functi3n of wave-

length, the radar has to operate at several frequencies, and the change

from one operational frequency to another has to be rapid, i.e., it has

to occur well within one interpulse period. Thus the antenna must be

broadband or we need several antennas (one for each frequency used) with

a rapid-switching capability from one to another.

To achieve adequate sensitivity for the proposed measurements

the antenna gain at 50 MHz (our baseline point) needs to be ' 20 dB. At

lower frequencies the gain can be lower and at higher frequencies it will

need to be higher. Moreover, to limit the extent of the ionosphere from

which the backscatter is measured, the antenna beamwidth has to be narrow

in the east-west direction (the north-south direction is automatically

limited by the aspect sensitivity imposed by the highly field-aiigned

irragularities).

To map the backscatter strength spatially, the antenna would

scan in the east-west direction. This, however, would only be done at a

single frequency; one high enough that the antenna size will permit eco-

nomical physical movement.

- , 9
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Some physical requirements arise from the required antenna

electrical properties. Because this IIF radar system is not likely to be

a permanent installation, it should be transportable. It should also be

compact enough to be used where only very limited land is available, e.g.,
Roi Namur Island.

2. Design Choices

The most common antenna type for HF radars is an array of di-

poles. To achieve the necessary gain approximately 100 elements will

have to be installed at each frequency used. If the arrays were square

(i.e., 10 x 10) or rectangular (i.e., 4 x 25) with 0.5-k element spacing
9

the area required for the highest frequency (64 MHz) would be =L550 m
9

( 0.14 acre) and for the lowest frequency (8 MHz) _ 35,000 m (. 8.5

acres). The limited land available for most temporaty operations generally

precludes the possibility of constructing large multiple arrays. Placing

the arrays over water, such as on the lagoon side of Roi Namur Island is

complicated not only by construction and maintenance problerms but also by

the varying height of the ground plane as the ocean surfaze changes.

Broadband antennas, therefore, are the most attractive solution

for a viable antenna design. A common broadband antenna type is the log-

periodic. [IF communication systems have routinely used this kind of

antenna. Single, commercially available, log-periodic antennas can pro-

vide 7- to 16-dBi gain with 40P to 60° beamwidths. Figure I shows an

exawple of an antenna pattern of an inverted log-periodic mounted between

two support towers. The sample pattern shown is for the lowest frequency

of a horizontally polarized inverted log-periodic antenna. As frequency

increases the l-plane pattern broadens and develops two lobes. This

effect, however, is not prevlaent until the frequency is tripled.

Using the iog-periodic antenna as an element in a linear array

can give the desired gain of 20 dB as well as provide a vertical fan-

shaped beam. The half-power beamwidth (in degrees) is given by

5 0% (6)

10



I

60d 90 60

30°  
30°

610 5 0 -5 0 5 10 6

GAIN - dB

FIGURE 1 PATTERN OF AN INVERTED LOG-PERIODIC
ANTENNA

where 1. is the length of the linear array. The effect of element spacin,

on array gain is shown in Figure 2. Thus, if the IlIF radar frequency

coverage is broken into the 64- to 24-Mhlz band and 24- to 8-MlIz band, thc

element spacing can be made 0.9 X at the top of the band (if 8 or more

elements were used) and 0.36 '. at the bottom of the band. The approxi-

mate 3.)-dB difference in array gain across the band will easily be adc

up by the increasing echo strength With decreasing frequency.

Splitting the [IF radar frequency coverage into two vands offers

another advantage. Namely, construction can be done in stages. If the

higher-frequency band, which requires the least amount of land, provides

sufficient data to characterize the striation spectral-density function

in the small-scale regime, then the lower-frequency band may be eliminatcd.

The required gain of z 20 dB can be attained with 12 elemets in a linear

array. If the lower frequency band needed to be built, eight elements

would auffice. The resulting beam will oe fan shaped with a by 40 to

600 beamwidtb.

AI
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FIGURE 2 ARRAY DIRECTIVITY VERSUS ELEMENT SPACING

3. Scanning Option

An electronic scanning capability for the 1WF radar can be used

to map the field-aligned backscatter strengthi spatially. Such mapping

has been previously done by using the mechanically steerable AITAIR radar

on Roi Namur Island [Tsunoda et al., 19791.

12



Although we have not costed the scanning option, the possibility

of scanning at one frequency is considered in the following discussion.

For the simple case of an equally spaced linear array, a main bean that

is - ° off the array normal is formed by successively app~ying a phase

difference of ,A rad to each of the array elements:

At -- d sin (7)I ,.

wher d is the spacing between elen.ments. Thus, the actual phase shift,
thI 'm' applied to the m element is a row of m squally spaced elements is:

- (in- l) A 7 -g ('S)

I

where g is the phase-shift correction resulting from the transmission

th
* .path to the m element.

Because the proposed array elements are log-periodic antennas

with 400 to 600 beamwidth, the scan capability will be limited from - 20

to ± 300 off the array normal. Furthermore, with an array beamwidth of

50 eight to twelve independent positions can be realized. The complexity

of maintaining the appropriate phase relationships is, however, a sevcre

constraint.

E. Transmitter and Receiver

I. Overall Requirements

The broadband characteristics of the proposed radar are the

controlling requirements of both the transmitter and receiver. The system

sensitivity needs place minimum peak power requirements on the trans-

mitter. Moreover, to switch from one operating frequency to anether

rapidly, the transmi-ter needs to be driven by an agile frequency source.

The measured quantities will deal with both the returned signal

strength and spectral characteristics. Because th:2 returned signal

strength is expected to vary signiticantly across tne proposed radar fre-

quency band, the receiver needs to have a high eynamic range. To make

the spectral measurements, the transmitter/receiver must also maintain

frequency coherence. These requirements are readily achieved in cornner-

cially available equipment.

13 -
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2. Design and Suppliers

To satisfy both the transmitter frequency agility and system[

coherence requirements, a central element in the design is the frequency

synthesizer. The desired peak power of 2 20 kW at a two-percent duty [
cycle over the desired frequency range can be attained with hardware

supplied by commercial contractors. Transmitter designs that cover the

8- to 64-M.z band have been previously used by Granger Associates in IIF

sounders and by Applied Research Corporation in over-the-horizon (OTl)

systems. t

A block diagram of the proposed IIF radar transmit section is

shown in Figure 3. Agility in transmitting frequency is provided by a

frequency synthesizer that drives the high-power transmitter. The basic

block diagram, of a suitable receiver section is shown in Figure 4. The

receiver consists of commercially available preamplifiers, filters, mixers,

attenuators, power splitters, and miscellaneous other parts. To maintain

frequency cohcrence, the same common local oscillator is used both in the

transmit and receive sections of the radar.

The actual implementation of the low-power level part of the

transmitter and the whole receiver can be accomplished by using a comrnec-

cially available receiver such as the RACAL RA 6790. The addition of

mixer, amplifier, and filter components gives the receiver a frequency

generating capability; thus, it can also be used to drive the transmitter.

The RA 6790 covers the frequency range from 0.5 to 30 Miz, therefore, a

conversion stage will be added to extend its capabilities to 60 Mtz.

F. Control and Data Acquisition

1. Overall Requirements

The three principal parts of system control and data processing

are the control of operating parameters of the radar; acquisition, pre-

processing, and recording of the radar data; and display in real-time of

the experiment status.

14
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The control systen, need3 to select:

0 Transrit frequency and dwell time

0 Transmit antenna (it more than one is used)

* Transmit/receive swicch state

0 Local oscillator control to transmit/receive sections

0 Receiver attenuation level

0 Phasing for antenna scanning (if implemknted)

* Data sampling cormands.

The data acquisition preprecessing and recording svsten ne2ds

to:

0 Convert the analog signal to digital data

0 Integrate the digital data

0 Perforr. spectra! preprocessing

0 Record the integrated and preprocessed data

0 Rccord radar s ster parameter status

The dispiav s:sten' needs to:

0 Provide display of system operating para.ettrs

I l*;siay rcai-ti c returned signal parameter .

2. si~n
|

A bl.ik dia.rar of the proposed yster tontrul and data pro-

-E cessing clements of thk radar are shown in Fi-urc -1. Tht ri roprotcssor

svster ontrol unit iili ncnd the various .ontrol siam3. The tontrol

unit is driven by a !rinicomputtr. The miniomputer i 'l be prorar x-d

to aquire the samlcd data, integrate and preprotess Lht di,:ta! data.
record the data and ssste-' operatin , pararreters, and tontrol tht d splaN

units. The desired syster operation parancters can Lt entered or chars,cd

in the minicomputer via a cassette recordcr or a "CW!tcrrinel. SRI inter-

national has designied several systems of this type or 1i ilar -a-!r .

17
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III SYSTF.1 COSTS AND RECOMIMNAT10NS

We have ma-de a prelimiinary cost estimate of constructire an opera-

tional stepped-frequency radar with the capabilities described in Section

. The cost estimrates presented are guidelines based on vendor quotes.U

Whenever possible, however, Defense \uclear Agency (DNA) facility equip-

ment presently at SRI International has been included to minitize costs.

For example, the Granger Associates 11F sounder transmitter, which ias

used during the LACOPEDO experiment, can be refurbished for approxirately

$20,000, whereas a new Applied Rcsearch Corporation liP transrittcr U-1l1l

cost approxiately $100,0300. We also assume that the !Wideband 1HP 2100

comiputer systems will be used. 
t

As discussed in Section lI.U.?, the HF radar frequency covera--c car.

be advantageously split into two bands: one opearating fro-m 24 to 6- '-5fz

and the other fro:-, 6 to 24. Mz. The 4zstizzatced costs of the lower and

upper fr.znuency poetion antenrnas are $75.000 and 525.GOi)'. respectie iv

We have aL-a estlisated the cost ;J a single Ilog-zeriodic anrtenna covcrin.

a 2:1 frequency rang;e starting at 32 Mil that can !-e r-echanically s-tecred

for broad-area covet-age. The eseimated h.wrdware costs for thc three

Systems are su~mrizcd in Table i. Costs for the s5t~tnin-l. option hav-

not been included in these fligures.

in addition to the harduarT, apiproxittcly eight man-zenths ot labkr

will be required 11-- asserbie, interface, and test the rf components. in

addtian. approxiMately eighteen =an-months of labor Uill be required to

assemb--c and tcst t.he control, data acquisition, and real-time display

system. The manpui-er icosts are su~rorized in Table ?. The actual: costs

are based on senior professional and technical/pro~rne rice or

rates for 19$?.

The initial =otivation for deve!loping the s-tepped-frcquer.cv radar

-as to measuire quantitatively the equatorial spread F spcctru- through

the scale-size regime encompassing the ion gvyroradius "-6 m) uherc both
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Table !

HARDVARE COSTS

Frequency .Rar..e

0, to 6-4 .Siz 24 to 64 Mz I_-to 6 a, 'iz

Antenna sv.stem $100,000 $25,00 $0

Transmitter 5,000 5,000 5,000

Receiver 10,000 1u, 000 I0,C0O

Data acquisition 50000
and control j 5

Total $165,000 $90,00 S90000

Table 2

L B R. '.G-TS

Frequency Range

I Antenna system S15.00 $ $10,000 55.000

Trans-itter 20.000 20,000 20,000

Receiver 25,0%30 25,000 20,000

Data acquisition
and control 5,0(- --

TotaL $210,000 SI!0,000 $145,000

Single log-periodic rotatable antenna.

Electrically rotated.

Mechanically rotated.
20



thenr and indirect experirecntal data sui,,est a rapid N-esibil CGaussian-

decrea?,e In _ ve-traI *ntensity ulth increasin., s- tla tregzuecc. .Da3ta
Slom the rir'ax x-peritent as -elas theoretical iork to> unacrstanid the

*freezin; phenazeno&" have shc. 0nat spectra! steepenz&n-- be-ins at ruch

-~ larger waveien~ths. perhaps as iTarc a-- 200-

-Bcause there uavc len~ths are inaccessi ble to baKscattIEr esre--

aents, the origin;!l -bjectives of the cxperinent even if fully =et will

not answer some neu questions that have arisen. (ka th other hand, the

broader capibilities of Oit systen_ discussed in .- t~ tion 1 unmderscore the

fact that the caa;,abiiitiecs of a stcr-r-d-frequency !Wbcsctc radar

with a Doppler proccssin; capability -o weil bey-ond the ounnitativc

=auecent1 of the backmscatter ia-tiai2 i-avclen..th S:'rrc z .ic iSt

rosit %difficult reasuretent to rake.I

;-ith this in =ir4, therefore. --t have rou,-hi- est=ated the costs ox

ioat-ncs and operatn the rada- on Roi 'Xanz-r Island and atl a Folar ICa-p

station such as Resolute Bar, T-e costs are suzr-arized in fable 3. th

installation s-nd operating costs are cleark hijier for Polar '=a: oer.-

taofls. On. the other 'hand. a st-p'e =cchanicallv steerable antenna xs

adecuate 'oir the broad-area surveill1ance applications of priarn interest

in the p-olar cap.

* Th~e hardware, labor, and installation costs for rlacer-cnt of n

rada-r either in the arctic or nerthe equator are su~arxzeo In i-0S. -

thus. for rouchli comparable overall syster! costt, thec bastic * radar

svste- hjth a li~ited frequenicy ran.sc kan bc fieldled zor operations 3t

the equatox or in the polar cap. Moreover, the si:,ter. capabilities can

be exoandcd as necessary. c..-, crt-ittciv auto=,ated opcration =-a; uli-

mately be d.,sired.

:suznary. the s tepped-Irequen-% HF radar de-scribed in thi- report

is an important diac nostic tool that t2V. serve a %ariety of data athcr-

ing neeids that %-ill develop as rheoretica! refinett.nt. and the DN~A aurora!

2nd polar-,ap pcogram_; evolve. In short, the cost- of the systc= are

justified by t.-: e~xpectedf results that it -Aill liktiv icnerate.



FTable 3

1 V. T.LLLA A M XV jFAT I M C0571;

(a) E-uatorsal Installation

F recic _ y

OS to 6' KHz 2.to 6- nz 32 to S z
Labor 550,000 $30,000 25, Xo

Direct Costs 25,000 20,000 20.000

ii

Total S 7 5,000 mO,000 S 5. 30

iI

Wb Avctic insTallatitxx

! I *

I ~~~F reauency _______

$ o 0, to 6, FAz 2- to 6. tIz 32 to 6- V-z

=La bo r 5150,00)0 0 90,03S0 Ouh.X0

Direc t Costs 50,000 -0.000 j 0.-3)

S tou 1 $200, 0W $130.000 $1 . a.>)

*tcl Operation Costs -1 eeklzv

I Labor& Frequency

I ~0 toetCot 64 3IZ 2'. to 64 %!-.z 32 to ->- '=7iz

IEQuatotaI S5,0,0.3 S 5,000 5 S3M)

Arctic $6,M $6,0 & S6.!W
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Table 4

COST SUMMARY

(a) Equatorial

Frequency

08 to 64 MHz 24 to 64 MHz 32 to 64 MHz

Hardware $165,000 $90,000 $90,000

Labor $210,000 $180,000 $145,000

Installation $75,000 $50,000 $45,000

Total $450,000 $320,000 $280,000

b) Arctic

Frequency

08 to 64 MHz 24 to 64 Iz 32 to 64 Mlz

Ha rdware $165,000 $90,000 $90,000

Labor $210;000 $180,000 $145,000

Installation $200,00 $130,000 $115,000

Totai $575,000 $400,000 $3150,000
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