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~  HEADQUARTERS STRATEGIC AIR COMMAND

"UNITED STATES AIR FORCE
. OFFUTT' ' AIR FORCE 'BASE, NEBRASKA

e 1) DEC 1961

ATTNOFM

SUBJECT:, (c) Transmittal of Document Defining Technical Procedures for
. 'Obtaining Radar Locations : :
~!lf0£ - Director
. -National Security Agency . .
. Ft George G, Meade, Md ' )

B Attached for. your information and retention is a document which
outlines the procedures utilized for determination of radar 1 .

.,ji"-~'f}f ; chniques have been employed in locating V-Beam radars
= o and single beam radars. These location techniques have been

- developed by this command and are considered to be sufficiently accurate

£ and SIOP planning. (s)

112. This command intends to continue using these techniques on all
L. 'future data, and will endeavor—to improve whenever possible the pro=-
I cedures as outlined in this document. (U)

FOR THE COMMANDER IN CHIEF .

v 1 Ateh -
 GRAB Location Techniques
fl(l cy, TS, Limited Dist)"

.~ " ROBERT ¥. SMITH . L
.- Brigadier General, USAF .. . ger’ ONI ¢
©°  Director .of:‘Intelligenc‘e ol .7 USAF .

R
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 for assisting in' defining the operational intelligence ‘required for SAC
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. " 'GRAB LOCATION TECHNIQUES .~ ,
! . T; ’i_Prepafed by the Special Projects Branch ° |
s : ¢« ~'of the Defense Analysis Center, 544th = %

3 D  Reconnaissance Technical Group (SAC), - v ... .
RS '~ Offutt'Air Force Base, Nebraska. ... . G-’ . -
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RS . This document is to be distributed to and read by only those

S - persons who are officially indoctrinated with the GRAB program
and who need the information- in order to perform their dutigj). G
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GRAB_PROCESSING
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t.l. SAClsvprimary objective.when processing éRAB ElINT data is to .-H
select, from the total data available, that intelligence ‘which is |
":t;‘1 ﬁuu. of immediate value to the current SIOP. Obviously, the most valuable '
.-.”f intelligence'to be gleaned.from such datadconsists of the type and'_
f‘location of radars considered pertinent.to the Sino-Soviet defense"
1rstructure.- ELINT signals, the significance of which cannot be |
:ii determined due to certain missing parameters or the inability to
locate the source, contribute less to the development of the SIOP.
"Based upon this premise, only those ELINT signals considered truly .
e significant, and which can be located with an acceptable degree of
confidence, receive maximum attention and processing. This is not.
"'}f;;;;«to say that all other signal intercepts are ignored. During the film
. readout any intercept which appears unusual, regardless of whether -E
- or not it ¢an be located, will be noted and Subsequently analyzed.
" All signals contained on the magnetic tape are recorded in video
" ;;7?£- form by time and signal parameters. This video record is always
-"3Ej available for immediate and total readout in’ case a subsequent.

" reference to any signal or signals becomes necessary.,

"%.2. The uniqueness of the GRAB collection devices required that
.fcertain existing procedures and techniques be modified along with

. the development of several entirely new processing techniques. Data

TR reduction techniques currently being used are he same as indicated
& "_ ‘ =
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., in our letter to CNO, Subject: GRAB 1 Proce‘ s‘i‘ﬁ‘g, dated

ﬁvn'1961, copies furnished USAF and NSA. The following . discussion deals

with the modlfied location techniques developed thus far.

'Vh3. .Atmospheric Refraction: The altitude of the GRAB collection
~71ffvehic1e presents a heretofore:undefined problem of how much a.radar
"yf;beam bends ;ﬁ passing through the earth's atmosphere, and at what

’

VQ”d'point doesirefraction cease to be a significant consideration.

' at altitudes in excess of 10 NM. A standard refract1on of 4/3° earth'
”‘radius was assumed within this 10 NM altitude ‘and thereafter con-,
sidered non-existent (free space) Reference Attachment 3. t_ a

b;_ Results obtained ‘using the above assumption, applied to the

*. mations of the refraction effects. T

isolution to'the V;Beam'and[::::::Jrange problem-is contained'?

-

-a. In order to achieve the required beam separation and sweep

”time measurement accuracy, a film viewer/computer (TELEREADEX) is

%if;.ﬂﬁ used This device 'projects an enlarged portion of the. 35mm strip’

"lff'? film onto a dcreen -containing movable cursor lines for accurate

o measurements,along.the<x and Y axis. fThe computer, a component part,

Approved for Release: 2024/06/08 C05025861

:;a, It was assumed that the effects of refraction became negliglble}

: _foBeam and[::::::::::::::]formulas and isolatxng the GRAB'I annulus. .. .,

"~ over c¢ertain areas,'validate.the technique as'being.reasonabie approxi- "’

4, -V=Beam and Radar Locations: The mathematical v ﬁé;-i: ;;j;l{

+in Attachments 1, 2 and 3. _ o : 0 ' i'f

et S .
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1; desired.

; :speed and heedingwof the vehicle.

>f.eccessed byAtime, allows the interpolated value of.each of these

': card giviné time, assigned signal number, scan period; beam separation;~

”.f_and'an'indicetion to identify V-Beam and

_rangeufrom‘the'collector to the .emitter is calculated.
5%poeition.qt'the time of intercept is calculated from the navigation 3g

table..

wom mITATER I ANSTIMAL
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. disnlayS'the measnrements visdally.or a printout is availabie‘if

All measurements were made with an accuracy of one (1)

M.?'second to three (3) decimal places. . - R

b.

Position Determination:

- (1) Satellite'éphemeris data, containing time, sub-orbital

" point and altitude are entered into the computer (Burroughs 220) via -

punched cerds.- From this information a table is formed retaining time, »

.w.flatitude, longitude, and altitude of each sub~orbital point, the

~ increments of each of these values to the next point, and the ground e

Thls=tab1e, when-subsequently'

T parametersgto be extracted for any given time.,

2) Intercept data are entered into the comnuter by punched

X

emitters.

" ¢. Radar Range Computation: For each measurable intercept, a '~ .’

Sateilite

(L) The apparent angle formed by the radar beam and a line -

E tangent to the earth at the emitter is calculated for V-Beam and

radars using’the formulas of Attachments 1, 2 and 3.

"~{'The ‘basic assumptions used in the developme
;jincluded in the'attachments.

Tosince the vehicle‘could be in the upper or lowe

'fﬁtff }?ééah eYCle.d ; {\ﬁ ;

f these formulas ar

Two ranges are comp u

alf of the ve
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22'3' Sof the position.‘
o ;'i signal are divided into three equal (plus or minus one) 8r0ups-

' {mfssy change to.the computed time and ground speed.
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"(2) Subsequent range computation is accomplished in the CoLo

‘hwnﬁiaame.manner for both types of emitters and is~outiined in Attachment<3. '

".d. Location Estimation . In order to provxde the analyst an

. aid in determining the emitter location, the computer makes estimates

(1) The range'computations for each V-Beam and

For‘

- each group a bearing is estimated by comparing range and heading

This bearing is matched

~with the average range for the group and an estimated latitude and

""" longitude of the specific emitter is computed.

' (2) In the case of VeBeam radars, eix locations are computed;*

range (upper half of cycle) and six groups to consider the long range

(:»i;}f (lower half of cycle) These locations are optionai outputs of the .

program.

(3) The locations of the groups, determined above, are then

;ﬂ;averaged.
{7'most distant groups is computed. This distance is ;n i dication of

the pattern -of the range arc cluster. 'C‘

An average distance from the averaged location, to the two

(4) A correction factor (in NM) is then computeA to move  the

Ervjo;— 'I'-ul_wd'a"m’ -”-’%‘;—E

L*J)

r, —?“?.T‘HF
W?iw

"ijfff'one'on each side‘of track'for each of the three groups. ~For LR

' -ﬁ,i?ﬂ_~ twelve locations are computed, six groups to consider the short

.
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" When the ‘error indicator is sufficientaiE

:i;.the true location.

s,

less than 90 seconds.
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smaﬁ , the correct

. In actual use, the intermediate locations are

used. to estimate the possible variation in 1ocation and to minimize x

.’any errors caused by plotting on a non-spherical surface,

Single Beam Emitters.

During the processing of GRAB 1 data

"LSeveral attempts were made, with little or no success, to develop -
‘.3‘213 workable technique which would reliably indicate the 1ocation of |

.. 8ingle beam emitters, using the apparent scan rate variance of a

?'particular intercept (pseudofdoppler).

a. fhe antenna rotation period of an individual Soviet radar

'] was found to uary by as much as 5%, presumedly due to emitter variables
. “such as wind loading effects, tape recording speed variations, etc.

V;the apparent scan rate variance caused by the speed of the collection

¢ less than 1% under the best intercept conditions (when the relative

TR position of the satellite to the emitter is rapidly changing).

b. In all cases tested, the apparent scan rdte variance was found

to be too erratic to permit reliable location estimates. No consistent

L pattern could be determined for intercepts with a total duration of .

¢. Signals intercepted for longer duratfons e

. variance trend (a general increase or decrease) which was sufficient

to resolve the left-right ambiquity but would not develop a specific '

&

: location other than general area (i e., Kamchatka area, European USSR,
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"3_-factor may be applied and the Computef fix used as an estimate of '

'vehicle relative to the location of the radar is believed to-be'something .
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PR A N d.‘ A definite shift in the observed scan rate change did occur

i »i a.lwhen‘the left or'right'edge of thé annulus traversed over a particular'

i N radar for a duration in excess of 4 minutes, however, this occurrence

Al 17fiﬁruf},‘éﬂ was very rare. Based on an even distribution of radars thronghout

the Soviet Union, the probability of this event occurring is believed

l;fﬂff 7. ""to be less than 2%. Therefore, it was. considered unacceptablelas a;;.

Y]
N B . . . —

:f.standard location method for single beam emitters.

e. In view of the above, the apparent scan rate variance is

;_ht¥:£jf'{j‘;'ueed only“to'resolre left-right.ambiguity’in those caéés when geo~

; };1éfﬂ graphical ‘area Wlll not eliminate the possibility of the source being tf;;,.l
?; : '.u:.within the left or right portion of the annulus . d . | . ;

é ':”?%rf:}f‘{G; Location Technigue, Single Beam Emittersl_QRAB II. Upon receipt fT}'H .
é . 5;:. of the GRAB i1 data numerous checks were made- to determine if the o

é ’ 'i(ﬁ addition of new recorders used during intercept of these data, would

: L Q:L'reveellthe theoretical or true scan rate variance to a point which

>

P {?l; would permit emitter location. Unfortunately, the . rotation periods

R LN S

_.‘for the emitters‘checked were again too erratic to permit anything

" Gther than general area location. At this point, it seemed reasonable .. A

to assume that the apparent scan rate change is not a reliable factor
”':;FZ'}ifm with which to develop a single beam location technique.
'ifim g fd. a. Analysis of the relatively low level of intercept activity of

1

GRAB I1 compared to GRAB I prompted a scheme of signal matching of

' j ”: intercepts between thewleading edge and trailing edges of th yannulus, i . )-
. ol . &GWFH ST OTRERATTINAL 2
| /. :} U iR R R L '.i i iy ’

A ra
: v P ,‘..,\ O T ‘o"l - {.’9
a y oy ?
h- “\-'} -\ ) B 21..« 4t “L.L,.. }i \
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b, Signals intercepted on the leadih “the annulus can ,

..-..

be readily‘matched to the same signals if intercepted on the trailing “~

Izl-edge,_bylcomparison of parametric values, time duration and satellite

:_location; This statement is qualified within the intercept capability
o and comparatively low level of signal activity detected by the GRAB II

l'vehicle and is based on the assumption- that ground collection sites

“‘:'receive and record 80-90% of the data collected by the vehicle during .

L each orbit.. Analysis of all active missions through aumber 600 indicates

w the above conditions prevail for approximately 404 of the total data.i
g This percentage could be greatly increased. by the elimination of the

nf‘six to eight minute gap in intercept site coverage that currently

"jS exists for orbits having a west to east heading over the USSR.

(1) 'Atmospheric refraction for signals intercepted by the

e GRAB II vehicle is assumed to be the same'as that which was determined

":,\to exisc in the "S" Band of GRAB I. Reference paragraph 3. . Based on

'lAthis assumption, the line of sight (LOS) distance from the vehicle to

;'the earth is a function of the vehicle altitude. This LOS distance
C1is the outer edge of the annulus for radars intercepted with a con-
" sistent elevation angle and can be accurately computed for'any specific"

B intercept time, when the exact position and altitude of the collection

V.a qu ﬁ)

fi-.,t.vehicle is known.
B Contrdl susle nﬁc£>niﬁj

(2) The Initial Time (It) is defined as the exact time th

Lffirst illumination is 1ntercepted on the leading edge of the annulus.
"/ The distance to the source of an emission is equal to the LOS distance
* 7 drawn from this time. This assumption is valid if the edge of the '

" annulus moves over,thé radar site at the exact instant the antenna

l&w@ ”@
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ffof the radar faces the collection vehicle. The posgible error caused
';by not - knowing the exact position of the emitter 8 antenna relative .’j;ﬁ

‘Ato the.collection vehicle is as follows:

‘error =
ki

(3) Terminal Time (Tt) is defined as the exact time the last.

iillumination is intercepted within the trailing edge of the annulus.
T”iThe.LOS distance to the emitter‘is drawn from this Tt. The possible'7
Lerror induced is again a distance ‘equal to one scan time, times the

.ground speed of the vehicle.

(4) The Mid Time (Mt) is defined as the point at which the :“"

vehicle and is determined by: T

(Scan Time) (Gd Speed)

t (9.0/2) (3. 5 NM/Sec)=15 75 NM; .
(9 0 FLAT FACE)

‘Heading_______ ‘ : 3y
e ~‘_Positionig;'l‘t . Position @ It A

Approved for Release: 2024/06/08 C05025861

1_F'Possib1e error - . = (Ground Speed/Sec) (Scan time in Sec 'u'.if
ci.e., Possible error Sec) (9.0);.9.0 Sec O

.5emitter is located exactly perpendicular to the heading of the collection n‘l
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(6) To determine ‘the great circle distance in NM the vehicle

N " travela between two. given times. Defined as c.
. R SRR Pate *

\, e ld‘ aF_rf
i

i Cla Cb.s-rl' [Cos ‘a Cos b '+ Sin agSin’b“Cos. (Long diff)]

(7) Considering a stationary collection vehicle, wit:h the ‘

radar moving through the collector 5 pattern, C/2 = distance from ‘

the It or Tc to t:he Mid Time.

Mip tume . .
Evvor I.Ké\q‘t-ov-.b

o . T . .
. — S G b assumed wetion
L . : of the vedav theu
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* R }QA (8) “The range to the ‘emittet from the vehicle at the
‘ " Mid Time 18 a functlon of the elapsed time and. the speed of the .
,’;hj;satellite.l.‘ K
' Cos R) = Cos (LOS;) “and COS Ry = Cos I(LOSZ)'
-(9) - Sihce the LOS may'vary beteeen initial and-terﬁinal_“
' time due~to altitude differences, two range figﬁree;are computed =
. tahd'aAseCOnd‘error indicator estimated by, Rl - R2 = Error lnd2 . .
2 T
ﬁ *A ;1“‘ff;:k ' c. _Coﬁputer Selution, Single Beam Emitters, GRAB II.‘ .
?'"'{i? fif:;fi - _ .(l) A vehicle positien table is constructed eontaining,'
i i'fiiffia‘%ihé in'asceneiag time order, the.vehicle latitude, longitude and altitude;
g ;l{' ::F?i '-'Later this table is used with an interpolation routine to determine 'iv"?i; h*lw
: | nﬁ;the vehicle-position at any given time withlh the range of the table.':
| (2) For- every 81gna1, entry to’ the program is by time of EE
. first reception (It) and time of last receptlon (Tt). This time is |
an.approximation ef the time the satellite crosses the radar herizon
*,;:~rahge."lhe approximation for initial tlme is subject to two errorst"
'ﬁ*: _ - ‘(a) It will tend to be too great due to the time lag l~'."".“:{
between crosslng the horizon and the next illumination of the colleetipa'f-'
' S v . e :

D

" vehicle by the main beam.
(b) It will also tend to be too great if the satellite
" is not capable of receiving a.signal from an emittex exactly on the

;-v%’A, f' radar horizon, (the satellite may have to rise slightly above the
D gy Hand.ﬂz\ﬁo.BL!&mn»)

- Iy —— - -
: Fla™ny - T eI T
~ t " k-
| Pt g AN N
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'collgctor at'time of initial intercept.
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. (C) These errors are compenSated fo r by a Programmed

variable defined to be the elevation angle from the emitter’ to the

i

'(3) ' The program now calculates the vehicle position at the

o initial time (It), terminal time (Tt) and mean or Mid Time (Mt).

The assumption is made that the vehicle is abeam the emitter at the ~

i

Mid Time; Reference Attachment 4, computer program.
(4) The following computations are made

(a) CC equals the great circle distance from the -

- ;f_satellite.position at_the initial time to a position at the terminal -

"iﬁf (b) XDIST equals the horizon range (LOS Distance) at

Q,the initial time.'

- (¢) - From these values, RNG is computed.
(d) ALFA equals the heading of the vehicle. at the
Mid time. |

(e) TB equals the bearingAand‘reciprocal‘bearing to

‘the emitter at the Mid time.

(f) ANSCOLAT equals the co-latitude of the emitter.

‘(g) LNG equals the longitude of the emitter (ANSCOLAT

) and LNG are double valued).

(5) The computations are then tepeated using the vehicle

altitude at terminal time to detetmine a new horizon range‘,- tg‘l 1

Approved for Release: 2024/06/08 C05025861
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" indicator) are eliminated from further processing.

which cen.be reliably located continue to be processed.

: and,;heflefe;fight ambiguity eliminated.

Yy I
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.-Q;{(6) The output information includes:
Lo :. (a): Signel number. ‘ ’ ' ] - .
.’:_" “ *.‘,:,"v ._.' : ‘*-‘(b) .

IA"'a;(c) Mean time.

Two pairs of emitter location approximatioms.

"(d).. True bearing to emitter.

(e) Initial time (It).
(£) . Terminal time (Tt).
. (g) _Range to emitter using altitude of iﬁitial point.

‘(h) Range to emitter using-altitude of terminal point.

Sy

7. The results of computer processing are examined by an analyst

and thOSe signals which evidence a low confidence factor (large error
. Only those signals

Each output

‘of the compﬁter is manually plotted as a rescheck on the analysis and

R,

R . . TF' ~°"".a
STy LIAITED, B
L e TR
L e et e e B

. . Coat Mo A -
RS O [ P N ."h',.; E
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- 8. A most. probable position (MPP) is determined by the analyst: by
plottmg ‘each impact- point on small scale ‘map (i.e., Series 200 chart)

: and selecting a most probable position within the confidence circle

established for each type- radar located. A final location is selected

'by comparison of each DF impact point: to all source ROB information.
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FITED HISTRIBUTL

0

|V_BEAM AND HF ‘RANGE EQUATION DERIVATIONS

Determine elgyatioq*angle_of'aircraft (anglegl) with respect to

emitter location.-

ACET po&Tiovn’ "

ot
i
.
!
p
3
R
i
B

ALET mos(Tlon i consTrw cts (L

2 ACFT posiTion N

_ \&oye.- Pl&'\i

“Assumption:

Separation angle at horizom is 1lU%.

Beam separation time measured’
Total scan time measured

360 t/T .- 10 degrees or

E& r—]rr.
u

0.174533 (36.0 - t/T) = 0.174533 radlans

. in Algol)

MY B i
",’:‘7 L‘:_’ \.,t \_,L\_.A A

Approved for Release: 2024/06/08 C05025861

'f*(Underllnes refer to computer program steps as would be written
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:  Decermiﬁe' Aﬁ_ for HF °

Assumption: Motion along .
circumference is constant, ,
vertical component of - . - |
‘motion defines the nod.
Further assume, horizon
‘line plus 1.67 degrees is
base of circle (B)
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-t = illumination separetion, T =z complete cycle perlod

" =N/2 (1% cos (180.t/T) degrees
Program eesumes N - 213%°. o _'“[‘]

. Alpha =:0.187623 (1.0 * cOS (3.1416 £/T) radians
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Assuming a standard refractlon (4/3 earths radius) to some fixed
- altitude (AR), determine (R1) . When given an elevation angle (&)
and cosine of departure angle (¢) Rapaa. gtam :

C05025861

:"Rm 4/3 earths radlus

CSin (X 90) = Sin (90 -me";..yf.‘ Cos & = Cos
Rm+AR ~ .. - Rg . Rp+ AR Rm

Cos P < R, Cos & /(Ra + AR)

SinA

L . P Sin__ (Alpha
g IF: Rm = 4584 AR= 10 then: - oo " . | CosA 2.

Cos (Alpha)

CPHI = 0.9978 CosA | o
A A A+ 9 =90 4 &=p -k
L S8 - s @ -k ) | |

SR '.‘,'Sin@,_ T Coslp

Ry = 4584 Sing,

(Cosk) - Cos §) (Sing )"
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"', Rone = 4584.0 ((SGRT (1.0 - CPHI . CPHI) CosA) - CPHI ". SinA)

s
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No'te*l For eltitudes less than 10, set AR = actual altitude and
‘ solve for Ry . at low altitudes Cos ¢-—>Cos4§
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= IDetermlne range (R2) from p01nt of departure from refractlon llmit at
.angle ] along a stralght line path ‘to the collector. :
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E = Actual radius + Ap = 3448
" Ay = Col.Alt - AR = Alt - 10

' 2+ 2~ (E Ay ) _-Cbllector locus " (c.l.)
(Yr- E)/X=Tan § Y -E = X tan § extended,depafture line (e.d.l.)
.Solve siﬁultaneousiy to determine P (X , Y,) -

0 ¥? = x2 tan? p *2EX tan p *EZ

Y% = B2 - 2EAy+ Ay? - X2

J o %27 ean2 8 1 A 2

W o X4 (tan“.p "1) + (2E tan P) X =~ 2EAV-AV =0

X1 = -E Sin @ /Cos P+ VEZ Sin? @ /Cos? P + l/Cos ) (Ay + znﬁ)
S 1/Cos? ¢ S

24+ 2EAy)  Cos P or L

S S X1

(-E Sin p+VEZ sin? P+ Ay

-

I K Vetag)? - 52cos? p -VE2 -2 cos? p)
£ . X One=gPHI (Sort ((Alt + 34380) (Alt i 34380) - 11888704.0) CPHI . CPHI) -
S e 3438 0_Sott g 0 - CPHI . .CPHI)) S
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.‘.‘1 \r(E + AV)

- Y one = SQRT ((Alt 34380) (Alt + 34380) - X one . X on_l

6 —ﬁ“‘ Cx/‘d‘) o ‘ Theta = Arctan ‘(X one/Y one)

R» - 3 4»d O RTWO = 3438.0 Theta

“ToTil ‘?Mr‘(fo =- '?\ ..H?;“’ " ANS = R one + R two
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