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TABLE 1

User Insrueilkws
1 SEASAT Equator Crossing a (ascending) 3/8

d (descending)

LI m' E cosa T las s Heading

INTUTOSINPUT KESOUTPUTSiUP INSTRUCTIONS DATAJUNIS OATANITS

-. 1~-.I~e&-og~bo.th ii,,_____ L~i~_ __11__J171+

2 e latitude of target * -_I A I 1 6.0 (I)

I I h--J II

4 Change D/60? (nm/min) D/60 I TO [ 6i

_____ ____ ____ _____ ____ ____ ___F __ _ _ A I -- I
Cj nmmg InlinAtion? (dec. dea) 90-B l SoT] [ -i

-_I_ _ I []L
rk , •1 .n,. , l,? (-int'joy) T/360l- l -

__ __ __-__ __ _ __ __--_ __ _ il- -_1 1

Ittlr loniitude of target * - " I

- - -- [:-.-_ - x&
* ~ VACT ~n ~rn.~p V In 5)I7:] I[ E

. Carulata rine in minutes between equator I J I _l Tlaose

. ... . . E Swath

GLSA ,M-.h , ....t rgt I - 1 Heading

r - _Anti_- jnh_ __ -- 11 -I
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TABLE III

PROGRAM LISTING, ASCENDINg (a)

STEP KEY ENTRY KEY COOE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

00, LBL A 31 25 11 LBL B 31 25 12
..-__ _ 2 04 -31 74

31 74 - STO 2 33 02 Al
STO 1 06D33 1 1RTN 35 22

2 . .. 02 LBL E 31 25 15

--- 83 P. 31 42

7 07 RCL 6 34 06

7 07 P/S 31 42
__ 1 01 RTN 35 22

00 707 JLL. D 31 25 14

7 ___ -. 31 42

8 RCL 1 34 L
S 2 P/S 31 2

a 7___ . RTN 35 22-

-AL. -- -- OA - LBL C 31 25 13

SID 6 _fl0 D/60 __ ,RCL 1 34 01

fl RCL 6 34 06
... . I8 SIN 31 62

020 O ni _ x 71

- ( { RCT 5 14 (A

___. 0_ _ RT 3 33 03 6 2fi rn. Io 1t 63
On 1...Q.RI 4 01

1~73- 07 90-B R TW 11 A,7

S- 71

090 -.9. Lh2

030 4 04 SI$.N- 1  
32 62

- S9. .3 09 (WO 3 03)(2 1.0) -
3 _-- L90- SIN 1 62
6- x 71
a __ _X CL k6 34 06
9 ._ _._o 3 1 6 3
qTA 9 "'n ng (W - 2)/(24 x60) -

8 3 lis 42
040 2 02 RCL 1 34 01

7 07 Cos 31 63
9 09 Rcl, A 34 03

1 08 Cos 31 63
fi 06 too 71

101 ol - 8
1 01 CoS -  

32 b3

01O RCL 2 34 02
01 +l 61

STO 8 -- 3L T/360 - Tn A S3 10 x 2

5 00. _0.Oo

SIT 5 _305 H Initial %1

RTLNL- IS 221 ST 38 1 I

S1 1REGISTERS

a A I. A H D/60 -R I T/360 24 x 60
SH

1 
1 sT ,2 1 IgI "+I SFA.qAT s A 6 Swath S SR S9

flap ao Heading I HeadiniE cross
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TABLE III (vcont'd)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMET

P/S 3142 STOS J 3 03 H
..... RCL 7 -7 - ,, - -- F o

SIN 3J 62 - 01
_CjL3 34(13 U7
COS 3 310( 0 00

,20 2 2 A51. .

7 02 154

-A QSX1___ _ ' _I4__ 3 ,

CHS I AWL Q 3400
PIs 31 42 .. .31 .. ._.J .

STO- 0 o ..2J_ 00 1+
Pis 31 42 . TO 3. _ It
SIN 31 62 ... . 3~ -I ILL0

_ -t ___2 __ -S 3.

0 RCL ___2 07 .. 8 163
COS 31 63 51

X 71 CHS 42OS _ 3263 c RCL 34 00

,__ L 8 34 08 - SI 31 62

x 71 8
PIS 31 42 32 64 A

P .S 31 42 _ 0410 9 4 09 p~ - Q

+ _____.. 3 ..... %.._ SEASAT Heading
lSo_.- Ji_Z .. .. _ A

r is 34 05. b1Ws qln .2 ,70 + + 61l

STO + 8 3 61 08 EI STO 6 33 06 Swath Heading
P__ .. crosP P- 31 42

RCL I 34 01 DSz 31 33
SIN .- _ ILbj2 7'o - _i= 22 13
RcL. 6 34 96 IS_ -31 42
Cos _ RCL 8 __34 0 E
RCL 3 34 03 . . /S 31 4 cross

SIN 31 . .. RN 35_22

60 5

2tL... J _

.. .. ... ... .71 -

Pis II42,,

LABELS FLAGS I SET STATUS
A L "T ,1.Sth. FLAGS TOIG 063P4

I I ON #()F
0 OCC t1 FIX

, I GRAD SCI
. RIa) ENG



10
TABILE IV

[1CQRAN LISTING. Dr.XFAJDIXG (4)

gIgs s um 4aw cwmv Saos ma, ingn aCow Mc

-. A Uz AIO& 8-A - u

-as MJ& SJ.
- .miSSW lis ax s-

L- 33 -u -s=L I~I

ai L - Jiv.

7...-- JAI- 4

-a C.- --4 4 L

016 JIMA -AI

L hAZ 90-3 CIA u.L&

L -. 112a - M -

AU- Aul.L

-- Ab- JICL--

ajSAS- .4

02 -J;L -- ~L

-ju_ - -aL- -- U

g 02J113- -JLL

~ J511I

A I L A- -

ft1  It I- et- i

Fc rose 3W- A co



A du

4 # I -f I

___ 44 4

iik
Ail *

44

-~~T Nj.~ ~

- fli 1~'X f

An -A -- -A-ALLp~

It t

n ~ ~ ~ ~ f en i$ ~e,*if.,i
-- Vow"I



n t" Nina CMMw~

mm ~ *now%*- -.m"d 4~4I ,S

0* WN,

so w

% 40 #ISq.W-

% 409# Ow

% oito m

*6 % ~ to ' ow*7t

vw .q.. *tt6 **4eA O



k*£e t, P *A-O.ML* 44" .*49a. Ak j~A6 "444

0 0I* *0- &0,wo *$"a it*' w a.op w. 640* mol #1 4

-~ 4)kJ #0 399)4 1;M.M A4W 10 WA A 4vt*9Sb, N~i &O

*4 6i0 4sk 94#O 4*io 'A6*w a*W~ 9*a* .i94t5-9 44 * 0 4 MW 4r40 00 q

#O 44104 m " 1914;r M.fw ~ 4An". 4w*. 41%W4, .. i4440 9 4

4* 44494p 411444*.444' ~* P 8M*0 ~*#*~ l *cp 44" *-00.au 406o. * 0a

401* 10*9 *.4 w . '*9 4"Wta *491444.4699 0..W94 £4'*n. t4'*4-4 .4-

4.q44*k*O*1 Of- Coo Q-w *ow*.9A44 Sm .4 i~f 44* *aq4wsM ci 4

4 Vwfl*~ 4* 4. 06** 04 4*tflw #W f 44*it+.ugp 4404 *4 .oJ q*444#P

*~~~~~~~~~ A4S *E.0 W*ag4*4 OM-4ud.*46~14

44t449*t'4W.ft 444fl'99- I91WA 640** #9*4&S4..44 94 409

II,,~ ~ ~ ~~~ a tolP*i .*~*~ te1#0 * jtftase4$f* *4* 9.44.5F#9

'*4404'*, *A..t fivI 90* nMA~vo0 * 6*jt#4 44* aa9N4~09

"*104U*4* 44*9940.19*404 4aP* #4*~ @04 " ps 0fp

1 ii Wtwfktad

IN* #pos#1wfIv- 00e 'fltso '.0 -4 o .4#1* f44-0' .1*0 44* V5.3,*

* Is* *lea I*"* t~ *It to fA*#m*ftlw

to*n loop 4 It** 00 q4* "0 4%-w t** *#A* f t n.



fli *4 SMW 4 vi p A* 4W, aftco 4O f.~e

'*ft *ONB O~M *af $" 4WAiti 4W nSW uq00 uS 4,

,*bfl ""woo'* g. oty, io r. 0: 4f 4 U1 lpSA * #"*A em. 0.MM44S

* "00 VflAtSR *MMg*gf Kg p#40if 4. *494 **A% *J qpA *

#%&W *tsg *00 wol f , gSPlr qft aaqn *hamm 44 is awa

AOUW b.0 %NW WDOW ft e.*~sm W W * *MOSaO we% Woo .04'
bp0000auggp b* 000%~ W40 Ofp q~ 4"S 4joma~ *AW^ "o uses. .i

'we OP*s VW W i0* * OW ~ p.4 edMOO 400 t 4 . * 0 s. 4

Oft 000 40 %MW 040 Oft * 'SW %WSft wef*" 4& 40fo w*-

1644 ftn ** oft"** " w-a 4-Wems*U!..,m' n

~i*#' t' t wsf iS*OW iOs 1*4flt *ar01f i'*a0 i~4

C/n.AW isl~ %eo two N. 4l 1

we ~ ~ "o rettop WaR* ft*vf aqa oNw 4lo""A I*ew -no*. m
00 ft W mr nNW4 flwi's4 #IWO, S m.ren w

eawase W wo *be04# *off b-1WI 40' o* ff fl ft *Sri-'

us. tow "K4 yts ee~ we we s S0 ww' ** 4*
WnW" ".. 16W . oft46 4b. o a.*w "N ** *

Vi.- ""O *W# ft. MMOMtftfftftsW -

fm. w on..w. a"u "W, n% sowo osiewl" " 9qi "
to~o wef. two n t flfn0 sw *m pkm 99 k tow I*V#vp
t" et tae 0f "W949 ~u #a*s G*WoIWm taw Us0 #ama

Ofl - wfl9 1. f~t Mfl W& b. 9* A*P uw woam~



4vJ*

000Umh AMW Oft -W*~t 4~. ow= 6 4 WA
W Y 40 osaw40** 4w 40g ~ 4 dbu ft 4ao*t W

oggpof o ON* w40It ft aaWOA f bt*w*f" 4 4 ___

-womW~ 40 Wf 4N4ftV 4*1A *M 4. '0W Ob~f 4W ~ 4 0 44l 046

f4M b*W* ftU*4 1 4WAO44 ONNWOb "DOW~SM 4*4WM OWN4

Of f" 40"kq -6 oadow m 40 am* 410 *0.4

ti~ s*4 v 4M4 -t too vom 4am ~ m Oft am owiAw 04

40 40b w q q wo ~ *W ' 0.w~ qnw 4inI OWN* e * 40 + I 4wo
40MOW 9. =64W * 4W *ipW 4 4 ** 0 O 0440'0 46,
"sa 4 q "m *No*& 40 m9 ~'~~u #

+ W4b'O * 411 0

I~~*m4 00 OMM *0 OOMW 4m00MO4 M~9
00 *WS 4,0J WW4,A 00 0 #490 0 -S Of 4W 40#A 000 *

Oft -0* 4 4w. W uo .p

%4~ &MeS op 41oVW 4W o Of 00W *WIEo ~ 4W
4W0,Of dwo 4W0 f # "* amW 4 ft * q w I- ad* fa o

Oft 4w 4w* 4Nwmo . q *me-o 4w 600w,4- 4o".w Of 4.
0% -o lv wMN M w m9. -w 4" m " *0 aw a4. 4 0w ~

-0 emfm -wwo oom ON 0* WN" 400 4W

OO9. #000 40W OWN 4*9 em0 4W

lef- A.W 4w am

w~* w ow~vme, "a 9
awwo 0 wmvw*"a

-0w "W -wvmon4 ww" wO



b1 ~ ~ ~ ~ 064 4POW4 r0~~~I~ . b*.~446WO 10Ilis Ile

'" 1127rW10 4-M 4"-40 -* Al 6 SM44.0 w 00 40

-4bo -bw -161,00 Aflb

N90 k.4,661 -4W .,4 A 1 W- I* a N'4wasopo 6 4ft ow4^v*fsoo *

AM0* 44MOOPW *A N2 4a4 -W A roe 04aO i *a 0*44p

0610kofi is*eo '-f -w I fN 66064. * 4l" Jai 44' 0000* - 40~q4-OW4H14.4

140-40 00 %f 40016- .e* 4.i -io -1 040 M*40OW -t- PP 4 04O

k* 404i 40 * I OW-44 -44 4b', - " 4 406040 SMI4 ffI.4

4*01 4W *.4 W 004.4*4.b4 t

-4qo4'49bos4 0 44f U~ 40004 M mil . 4 PW
-*4 404.0 4 'o *sp" % ew -ft amwoooms %4.

4044 &Wo 00O'p 40M~ f4 44 ~4# '4W .0WO 4~4 40 6

40* w v 0p.s "~ -A sobB w1 4 W 310 -40 004&

-ft *Wqo 00 "moo 494qo h w 0a 4S0 ow~fl o 4410t

1 0 -1 1U" 40106A 004400-f *PO" 4104 -g~@ 400 v0

Oft 41'~ 4n~oof 44 4w .0A06 4W OM4opkoo
0404 * ** 4410 0~ 6%46 40 -W 4A 40104 -000000 W J w

**9*p I* *0~ 49 -40 04100 **'Wo 49L4WW4 -0 OA 4 *so1

a.". 40 .s~q, 0 m -40 lpt-PM0 I-z 4w of U 40 *pol-o
*Op oto 01%w *0 N****f

qw opPo". -140W of -M d"*% WoAwlo 1 1Of* 16"

*qwk I'vo -M qw Gok *w a" * *. F-" 414 viI*W owa

NIO" 9,W II



O. 4 Mw 44c, 40

040 0%m

~~4p am4 0 W.6 4i'*

WW *s40 4OU116OAf 4*0. -0

i6.0 AP. Wv, 4A4 -E

4wb 1Mq "WA s' 1 04



lw- ww-w-u r- -

IN 0 - p h, M AI
am Goo o4



~.M*44'.6~s ob44 i.4 w pp4 ft IA41 aw ~4 4.WNW-1#.ms

'64bt*. ' -9 'ImI*AW6 4 4 44%Wp~ 4# P4*A *4JJl

Rb* m6. 41W44.s mo4* il,# o '4wsi 44 *"VAR *% .AN444

*0Af$4046 mWw 000..6 WmeW ow.I .6 N40msI 4S44 44.

~ .uiA~4 4N~ .*J~# m**P AWP 4wW4. 4!AIm39i~i t 4 w .*44'S

& h~ ~9~ $~a 4~4*~**w*w~*w4eS4S Aft~ $f 44~ 444 0 .'

~~9s4 *a' 0048M 0*W g#.96W*.6 W4 4..* ., ot aWANONOA . '4 6i4po 4

4 A 9*6.. 440lo-* a&W I u e* ~s4"4 *404ft"4P 0 44*44* 4+* 44

~. 4A ONO* * g 460 4t 4") 46 M** e4*# ; * 4,4"*4. 44

V s~#**N4pe* Aqw 400'm** *s4"4 4iM'* IW*4 UI* 4~ ~Sg~.* 449

,* PWp WMW 0*Of 4*N AW VinjWW29d Ag'~W 110 400. 4. 44-,i 4k,4

49**6*4.1 **V ov614 444. 040 O4*At'*4A* 0 ~W"Now 04+. 4*0A

4*W*WO"* O k"uP irw "40 40 40w* *4p.0"W q4.96wq *off aggPOA09*44

*956 '~'. IW9~MOM .4*~0 491W ~*, *..i*u *at* ~4s..,"

~.. , .4 -4 .*h*** *g64u al"" *.40 *oi 4* OvmP 9i4 4, tio

b69 ~ 0o""p WOW~ $ 5.~. &* 06A4m4 "g 4*4. rwaft +** 1* *-4 omk"

S4*tw~ fir"W" m " vow m'9* .- VIO *WWIt' ft4wt* 0g fe4wg efm~i "***444

"49*P 00 aV4 ! 4406g Agou* VOWS ft69 oft 4W, * * #WVW #004'f*

evwwo 'A* *Pvv.9 sw 4w*"m %W4 400~.m #W .'4%m f# *4p

OM4 R+*~ MW I*VW&0 ft OMWO *IW 4 MPrW I&099 ~9I 4~

~~-~gE*, VA~MP9g p"~ Vst wopWl Tw mw*v9a6 krf VI1 "00



I &
AVO I *" W-67

44L #A%6

66.4 aff*66..076

*AM# *041*6 IV. lot, J32. in?

frt~t ~ .et to 20.)116 7i



21

TABLE IX

SEASAT SAR IMAGING PARAMETERS

3 5

A/O Tape HP-67
(side-looking (default

Parauter time) constants) Diff.

Lota ude L N 44.4566 44.4566 -

re)SS ud* w 63.5833 63.5833 -

I INod 314.5999 314.5999 -

N. 7 ml (Off) 13:33:30.55 13:33:30.55 -

&t lI Wde L2 N 43.4784 43.4873 +6.0089

taft A 2 W 66.6077 66.5844 -0.0233

'|slmp 7ims (WH) 13:46:28.42 13:46:28.90 +0.48 sec

t $a#" (sn) 12.9645 12.9725 +0.0080 min

clot Amle 90.0000 90.0000 -

%Wmth "@.ding 334.2897 334.3085 +0.0188

$AUI *Od 1A 332.1897 332.2245 +0.0348

N.tse to Target (Ku) 265.1617 263.0470 -2.1147

WlsgaS to Taroat 64.7543 64.7911 +0.0368

ft vltftpqtot Intersect V 48.6317 48.6337 +0.0020

ftt Inclination 108.0281 108.0000 -0.0281

~wtlt ftri4 (an) 100.6889 100.7500 +0.0611
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change in image time is 1.9833 seconds.

The effect of satellite attitude on annotation time can be shown by
expressing the pitch and yaw angles (-0.3587' and 0.38180 respectively at data
acquisition time) as a squint angle in the slant range plane. Pitch and yaw
normally deviate from the design specifications by less than 0.50. Small
angle approximation is therefore acceptable. Let the SEASAT SAR beam shift 4s
radians from the side-looking position in the slant range plane. The velocity
component in the slant range direction due to cs is v5 - sV and the corres-

ponding shift of the image in the cross range direction is, from equation
(21) AX sR. The change in time is AT - OsR/V. Note that the image shift
AX is equal in magnitude but opposite in direction to the extra distance the
satellite travels beyond the side-looking position to acquire the radar data
in the squint mode. In other words, the annotation time on the image will
always be the side-looking time, to the small angle approximation, independent
of the radar squint angle if corrections for earth rotation and precession
have been applied.

The image shift AX from a squint angle of 0.008030 radians at the
data acquisition position is 6.8099 km. The annotation time due to misa-
lignment alone would be 1.0284 seconds earlier. These values are in good
agreement with the great circle distance between the satellite nadir positions
in data sets 1 and 3 of 6.8120 km, and the time difference of 1.0053 seconds
between the data acquisition time and the side-looking time.

The annotation time in the Halifax frame from Rev. No. 1238 cor-
related by HDA (MacDonald Dettwiler and Associates) is about 2.66 seconds
earlier than the acquisition time [4]. Interpolation from the Halifax
frame yields an annotation time for the Halifax Citadel of 13:46:26.78 and
the data acquisition time, 2.66 seconds later, of 13:46:29.44 GMT. This value
of the data acquisition time is in good agreement with that in data s~t
1, 13:36:29.43, calculated from the A/O tape. However the annotation time is
0.33 seconds later than would be expected from the sum of the time diplacements
from radar squint and earth rotation, 2.99 seconds. The reason for this dif-
ference is not known but is assumed to result from the approximations used in
calculating the slant range velocity. The MDA annotation time was used to
extract data set 2 in Table VII from the A/0 tape and the coordinates for
point 2 in Figure 3.

5.5 Discussion

The SEASAT ground track shown by the dotted line in Figure 3
represents the attitude - orbit tape data to within 0.0020, the error ascribed
to the linear interpolation between orbit entries. Satellite positions along
the ground track are less accurate and the data acquisition and side-looking
positions, 1 and 3 respectively, depend on the unknown accuracy of the preces-
sion correction.

The attitude of the satellite is apparently not predictable and no
attempt was made to incorporate an equivalent yaw correction into the calculator
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program.

Nominal beanwidth of the SEASAT SAR was 1.250 and the equivalent
yaw at image time was about 1.4648'. Therefore, it is clear that the target
could ,.ot have been illuminated from the side-looking or annotation positions
at 2 and 3.

6.0 CONCLUSIONS

1. A program for the HP-67 progra-able pocket calculator to
extrapolate the SEASAT ground track up to one quarter of a revolution beyond
the node has been developed and tested. It was shown that SEASAT orbit
parameters which were measured during the satellite's lifetime can be fitted
by the program using three constants.

2. Using the prelaunch design parameters as the default constants,
the calculator program predicts SEASAT SAR imaging parameters which fall well
within the limits imposed by the normal, but unpredictable, attitude variations.
These limits introduce an uncertainty of a few seconds in the data acquisition
time and up to a tenth of a degree uncertaintly in the satellite position
coordinates. When accurate data acquisition times are required, the program
can provide information to help aim a radar detector at the passing satellite.
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