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User Instructions
SEASAT Equator Crossing s (ascending)
d (descending)
sree INSTRUCTIONS DAY ANATS KEVS DATAUMTS
- = l";:i"l [ 7.-]
. arogras, both sides (.
- Prose |2
| l _Enter latitude of target * L, | a1 6.0 (1)
S T I
L 3 | Change 17 1 } _gjl }sn} ,
::c» fam.e D/60?7 (nm/min) D/60 l_s_f-; ] [:;fl %
[ ]
|3 | Quange inclination? (dec. deg) 90-B ;Lqm%[[ zJ] ‘
e i ;
r-z r_-gur longitude of target * (W) AL {_B]] {, { :
:_: Calculate SEASAT Squator crossing (E. long) F_—Cil {17} | Enxn.. }
| 9 | Calculate time tn wioutes betueen equator Un 1l ) [lapse
b~ _mwmnyn; : |,,“D_ I . ]
- T
m I_Calculate heading ; - AE__ { %7 . ; Swath
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PROGRAM LISTING, ASCENDING (a)

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 [ LBL A [ 31 25 11} T iBLE 31 25 12
.} DSP 4} 2} Q4 N . 31 74
o —p- B L 3174 R STO 2 33 02 | X\
]l sto1 [ 330114 %60 RTN 35 22| ;
| A2 17 ez LBL E 31 25 15
. - _B3] P/S 31 42
I R D 72 RCL 6 34 06
A _ 07] P/S 31 42 '
1 01 RIN 35 22 ;
010 1 07 LBL D 3125 14 .
| 1 - BP/S 31 42 !
8 ¢ RCL 1 34_01
2 2 P/S 31 42
5 __05] °° .} RN 35 22
8 b o8] LBL C 312513
S10 6 .33 06] n/60 n RCL 1 34 01
1 ) § cos . _f. 3163
8 08} | | BCL 6 | 34 06
. 83 SIN 31 62
020 0 X 71
0 a0 RCL_ 5 34 0%
Q COS 31 63
D a0 X 71
0 i RCL 6] 3 06 |
a . cos 31 63
Q .00 RCL 1 34 01
STO 2 33.02] 90-B SIN 31
B3] | X 21
2 +. A1
03 4 U4 sint 32 62
9 b 09} - STO 3 3303 )1,
2 02 SIN 31 62
6 0 BCL 1 34 Q) !
k) 03 0% SIN 3l
_&  ____D6] - X 1.
8 081 6 34 06
9 0 _€QS 31 63
ST 9 43 09) (W - 2)/(24 x 60) = -1
1 . 8 CHS 42
040 2 Q _RCL 1 34 01
2 07 cos 31 63
9 Q9 RCL 3 3403
8 Q8] Ccos 31 63
6 Q6 100 X 2
1 01 : 81
1 i [ cos-T 32 63
1 RCL 2 3402
1 ) + 61
ST0 8 33 081 T/360 STO & 313,04 ] A
5 1 0 Ky o] ? |
8 .. .._Da] 6 |
3 .04 Q 00
i ST0 S 33 a5f H inicial - 51 l
‘ _06] "o CHS. 42
- P/S 3142
STQ 8 33 08
REGISTERS
Q0 4 N 6 7 8 9_W <~ i¢
A, H n/60 " T/360 | 24 x 60
S0 S4 SEASAT |55 S6 Swath (57 SR S9
Headinyg AH Heading l':crosxs
A ¥ "o JE Swatl ! 6
cTOBK lapse Head g
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PR

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
|5 ] 31 42 | | ] sto3 ] J303) M
RCL 7 3407 (I )/ S ) 9 Y 5
SIN 31 62 | N ) 8
ReL 373 03] e o]
cos 31 61 0 00
i . H] I A2 S 2 &
E TR B Y 3 I R IE AT T TR
120 e . _u2 IS WS SN )
¥ i 07 N cus Y
Q _Qg)] o r/s Al 42
- _ 51 ] swoe ] 3309]
CHS ] 42| 10 fRCL O _§ 24 00
P/S 31 42 1 I T 7 3 4
ST0 0 23300 3 0 [ 4 mﬁ__
P/S 3l 42 | 1| sT0 5. 3305 lu
SIN 3l 62 . JBRCLLY § 34 03
= CHS 42 Cos ... 3163
! RCL 2} __ 24 07 __._.____Bm‘_ﬁ_..__lh_\mT
Cos 31 63 _— X
: 8L ] ._r__B.CL_Q.__Aa,R.'LLﬂL
cos T |~ a2 en ] - X ]
S0 | 3300 a 190 PS. 1 42
C0S 31_63 —— —{-RCL_Q 3% 00
RCL 3 34_03 . 31 63
cos 31 63 - 51
X 71 CHS 42
cos-T 32 63 | ¢ | RCL_O 34 00
% RCL 8 34 08 - SIN 31 62
X 1] BN : .
B/S 3142 TR 32 64 | A
STO 1 oL T 8 3 03
PlS 1 up | leree > 176 0
RCL9 1 3409 0 00
X — 11 ] u -
RCL Q¢ 34 00 CHS
+ | 1 s104 | Q4_| SEASAT Heading
B/S 3142 ] 1 I O 75 TN T
150 S1m 2 1102 {a + A [ 3 "
STO + 8 | 33 61 08 |F 8T0 6 _ 33 06 ]Swath Heading
P/S 3 4z | °TO°8 1 pJs 31 42
RCL 1 34 01| nS2 3 33
SIN_ 1" e2 ] 70 T ¢ra ¢ 221
BCL 6 ] 3406 [ | rss 31 42
cos — 1 "1 ed] RCL, 8 s onle
RCL 3 3% 03 - | PJS 31 42
SIN 3 62 T Rm 35 22
X i1 -
1% - .3 .
BRCL 6 | _ 34 06 | - -1
SIN . Ale2 ]
RCL 3 ] 14 03 I R
£0s S 70 — -
. U DR 5 - e —
cos 1 32 03] R DR N
pIS 31 42
LABELS FLAGS SET STATUS
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raNLE v
HAMI WD NG ING PARMETERS
] &
A0 Vaps urP=67
(nide=lovking {constants
g5 1111 —ty) lrom 3)
Lot § 8 el l' L} L4, 0500 (YRR TYY
heattude b @ 53.583) 63.3%8)3)
LI LTS ) 6. 999
Yode Bime (D) 19:833: 30, %) 13:)3:30.%)5
kvt § 9 ole liu‘ L ). 670 £).4784
Cengbtude v, ¥ . .8077 ob.6077
“tamgn” time (WD) 192428 .82 13166:28.42
t.‘l . (LT ] 12.9043% 12.904)
Clonlk Sgle % . 0000 90. 0000
et h Woadivg N 2097 334.2097
tEASAt eading 332.1097 IN.I1W)?
Fistawe ta Totget (k) 2%5.1617 263.1617
Wealing te Tatpet o, 7943 6&, 7%54)
M0 Et guntet Intetweet W .6 &8. 6317
B YL Tove et o 108.0281 108.0281

et Pedied (min) 190 . 66809 100.639




TABLE IX

SEASAT SAR IMAGING PARAMETERS

Parameter

tatitude Ll ]
Longitude Xl ]
t"u‘.llodt g

Sode Time (OMT)
Letitude L, n
Longltude hz )

‘tange’ Time (GMT)
l“‘“ {=in)

Clech Angle

Seath Weading

SEASAT Neading
Pietence to Target (Km)
Wyeding to Target

ovb it /quator Intersect W
ovbit inclination

ove it Period (adn)

3 5
A/O Tape HP-67
(side-looking (default
time) constants)

44,4566 44,4566
63.5833 63,5833
314.,5999 314.5999
13:33:30.55 13:33:30.55
43.4784 43,4873
66.6077 66.5844
13:46:28.42 13:46:28.90
12.9645 12.9725
90.0000 90.0000
334,2897 334, 3085
332.1897 332.2245
265.1617 263,0470
64.7543 64,7911
48,6317 48,6337
108.0281 108,0000
100.6889 100, 7500

21

Diff.

+0.0089
-0,0233
+0,48 sec
+0.0080 min
+0,0188
+0.0348
~2.1147
+0.0368
+0.0020
~0,0281
+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 0.3818° 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 0.5°. Small
angle approximation is therefore acceptable. Let the SEASAT SAR beam shift ¢s
radians from the side~looking position in the slant range plane. The velocity
component in the slant range direction due to ¢s is Vg = ¢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 = ¢sR/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 MDA (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 GMI. This value
of the data acquisition time is in good agreement with that in data sct
1, 13:36:29.43, calculated from the A/0 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 1is 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/O 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 0.002°, 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

RISV —
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program.

Nominal beamwidth of the SEASAT SAR was 1.25° 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 programmable 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 variatioms.
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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