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CAMERA CONTROL AZIMUTH //V‘F 1o DESCRIPTION OF SCENE THE VIKING MISSION VIKING LANDER MOSAICS ventiona} Ca";lerﬁ having “point per;pefctive” gicture geo-
. s - - . ; 3 : metry, in which rays are projected from object space,
° ° This view southwest over the top of the lander Two Viking spacecraft, each consisting of an or- The Viking Lander cameras acquired many high-resolution : N >
& o o o 0 o 354. 7.4 s i s : P . s .
354.5° 4.5° 34.5 64.5° 94.5 124.5 154.5° , 184.5 214.5 244.5 ; 337-5: 54.5 shows the same flat-level surface of Utopia Planitia biter and lander, were launched from Kennedy pictures of the Chryse Planitia and Utopia Planitia landing ﬂl];z:g'mh ttl}llee (ger;sep;(;ctlve point in the camera lens, to an image
40° T ‘ 7 | | | | { . | i as is viewed in all directions from the lander. The Space Center on August 20 and September 9, sites. Each picture is the product of computer processing on p This seomstry of 'Lhe landss picturesiscomplicated by-adlli
o | 1 ECTORI1 | SECTOR 2 I SECTOR 3 S : = i — distribution of the large, subangular pitted or 1975. The Viking 1 spacecraft arrived at Mars on Earth of digital-image data transmitted from Mars as a result . g y P p. ¢ 0y
30 yain [ I | ot < | O . ) o ? , y : iohly ellipti o e . tional factors. Because both landers are tilted with respect
| 7T\ i | <l | vesicular blocks is nearly uniform in all directions June 19, 1976, and was placed in a highly elliptic of “camera events” carried out by one of the lander camera to the horizon, on the uncorrected pictures the hori i
| AR NS il g i | | £ out to the horizon. The large blocks appear to orbit around the planet at a periapsis altitude of systems. Further computer processing of data from a sel- seinbles a sife ;:u ve. Com ot fpf‘ ; fthonz.otn fe
I LY { | q\} 2 lie mostly on the surface of fine-grained material. nearly 1500 km. The orbiter cameras were used in ected number of these events yielded a total of 10 mosaics. el et }fth o np;l €1 Ie}‘i_‘ lllcj l(;ina(l) ;eplc “Il‘:s
3 = | —22A135- \Fj — / Distributed among the blocks are a few small conjunction with other instrumental methods to Two pairs of mosaics from Lander 1 data (one mosaic from measured witrh %es e(é: t(c)) ta}llé)rllgc‘;,l 1c vifr vcectang es:a]? .e_
z =~ 1'% 22)A118 I 22 ﬁ\ C 4 P drifts of the fine-grained material. The martian find a suitable landing site for the lander. After each camera) consisted of one pair made from data taken in zontr;ll il gt ge e gra i, or;tlan Thorl
o 0° - 2A255 Kot R T 1 Uy winds have probably scoured and winnowed away about 30 days in orbit, the lander was separated the morning (0700-0800 hours) and one pair made with data . tC ot df_“ea red nl)m mart 1a;1hnor th. o esg
B 1 |22/a01 i & i the fine-grained material from between the blocks from the orbiter, and on July 20, 1976, Viking acquired in midafternoon (1400-1530 hours). Similarly, lg t_ar not refated in any simple wayd.o e,,afZ‘m“h ap
N HF 226014 | 335.8° e o and sculpted the drifts. Parts of the lander that are Lander 1 touched down on the surface of Mars at three pairs-of mosaics for the Lander 2 site consisted'of one e e\?r‘u:jn f;lr;gles given 1n “camera coordinates” for the un-
W i 22A121 | | i v@ seen in the view are from the left: a cover over a lat 22.483° N.* and long 47.968° W. (Morris pair between 0700 and 0800 hours, one pair at noon, and one re;}l 1ed pic ult'is' tric di i i .
w HH SS "1 [224005 22O / J Radioisotope Thermoelectric Generator (RTG) and Jones, 1980) on the west edge of a large basin pair between 1700 and 1800 hours. t.lere a;ed(.) ert.ge(m}lle ncff lsmrtl(l).n; due to the cameta:
30° AL & 7 F‘\ | : L Y (line 350, sample 2300); mounting structure for called Chryse Planitia. It landed in a stable posi- Procedures used for processing the Viking Lander camera Oﬁ’ ic pat 1st9rd10n t atda ects a light Tayd{lftef it passes
- B b, & i S5 y | T ‘ fnl Leg 1 (line 500, sample 2800); three calibration tion at a 3° tilt downward in the direction 284.9° data were described by Levinthal and others (1977). The in- :c‘be ltcgmera” win 0“31’ an came‘rja-bsyst}elm lst(;lrtlons, P
\ Z : »/:/ 'i"‘ i 7 r?ZA{ 5 | ; ’ : test charts for the cameras (line 600, sample 2600; clockwise from north. dividual camera events used in each mosaic are identified in oM Othd erro:;’ latdare c;\l;]se vt e, w?gartsf?of:}l?glc‘)ans
| AP Sofr Y [ 22B215 1ALICER I ‘ ‘ ) Pl 7 line 700, sample 2950; line 650, sample 3470); a The side of the lander on which the two cameras the outline of the accompanying camera view. Detailed des- aredmpun S ol he ANger. efef)metnc W ;
| 2N | 1 A ! L ¥ : Y parabolic mirror for viewing the magnets on the are mounted faces southeast. When the cameras criptions and reproductions of these camera events were given USft’h ;l" tCTet{itmgb tte mos;iucs“btolo d into account ;{e optic
5 ) == C,%éSgh \ /’/! | e 5 I el . ‘ - 3 S /o surface-sampler backhoe (line 690, sample 3080); are pointed in a direction normal to the front of by Tucker (1978). Copies of the Viking Lander pictures can gla tllj 0;1 HOR O hnot : ¢ bo F' 0‘;’1“ elrrqrs. owever,
—e0 Ls / : : gee / 171.6° the mast that supports the high gain S-band an- the lander, the viewing direction is 141.6° clock- be obtained from the National Space Science Data Center, (;ntg. :1 ‘%nﬁ)g, £ e”error "13 aumt}x\t angle is equal to the
OUTLINE OF CAMERA 2 VIEW SHOWING CAMERA EVENTS USED IN MOSAIC <, / f o / B ' tenna, (line 250, sample 3380); the cover over the wise from north along the horizon. The first pic- Goddard Space Flight Center, Greenbelt, MD., 20771. f)‘; ’l‘e‘S‘s’"than ‘1’ lfe‘;’" T‘;f;"srcaj’g ‘i‘;zim"ag‘le‘i ‘1" a’f‘ acc";;"y
; : 7% other RTG (line 450, sample 4050); tubes and ture from the surface of Mars, of an area near the The Lander camera system (Huck and others, 1975a) has #" ias b P d: d ke i uth angles lrom Mars
< cables that connected the lander to the orbiter lander’s footpad 3, was taken immediately after selectable focus settings for a depth of field from 1.2 m to ;l.ort as been adjusted 1o ‘lake into aceount thix coftec-
o during transit to Mars (line 200, sample 3850). landing by camera 2. During the ensuing 43 days, infinity in the high-resolution (0.04° instantancous field of l(,);l}; idual azi h 1 .
Upon command from Earth, the lander separated the cameras responded to all commands and view) mode. The survey (low-resolution) mode has an in- h }fré.m u ?lglm anigeerror§ }z:re less than 1 plxel along
from the orbiter and performed all of its pre- successfully carried out their assigned mission. On stantaneous field of view of 0.12°; this mode was used in the t (zl lorlz?n zcijn ﬂecon;f a:}gler with steeper elevation angles
i ; programmed landing maneuvers under its own September 2, the activities of Lander 1 were re- mosaics only where no high-resolution data were acquired. z;n th_arge ander ts.. or tfes v;o:s;c cgsei Lange£ 2, camera
CAMERA CONTROL AZIMUTH ; : \'VL-\C /ele ti\r:” e power. duced to accommodate the planned receipt of data Each complete mosaic extends 342.5° in azimuth, from T’h 15 errorhlstafnaxn.r:iu;no. : h_d plxeds Bl O-deI:lvatmn.
s . NOMINAL LANDER GEOMETRY o\\ CEA=Camera elevation angle from Viking Lander 2. approximately 5° above the horizon to 60° below. A com- . ¢ somewha sinusolda aflz;n:ult 3 e;l)er; ent r331 ual eleva-
545 1245 1945 1845° 214.5° 252.8 On September 3, 1976, Viking Lander 2 success- plete mosaic incorporates approximately 15 million picture 11011 (elrror 192 matx;mlim‘o 1fo t}?lxeti or Lander 2, camera
5 645 1 /T B g L L N . VERTICAL VIEW SHOWING VIKING LANDER 2 ORIENTATION fully landed on Utopia Planitia of Mars (47.966° elements (pixels). In order to manage the processing of such p ALAAPHIOKITALEL 1 Ipikeliler the @ther vamerds.
0, 5° 345 i 0 __fk YEL e 2745 304.5° 334.5° 354.5 Grid is in spacecraft coordinates N., 225.736° W.), more than 6500 km northeast large data bases, each mosaic was compiled from four indivi- REFERENCES
igg.\s 4. /\/ ] ‘f\ — e of Lander 1 (Mayo and others, 1977; Davies and dual azimuthal sectors.
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DISTANCE AND SIZE
OF ROCKS IN SCENE

COMPLETE MOSAIC, EVENING SCENE, CAMERA 2
(Corrected for tilt)

Distance from

Rock No. (Name) Spacecraft
1. 24m
2. (Notch) 30m
3 38m
4. (Badger) 34m
5. (ICL) 24m
6. (Centaur) 30m
7. 80m
8 6.8m
9. 9.0m
10. (Ventifact) 10.7m
1. 120m
12 7.0m
13 17.8m
14, 223m

Width

15cm
20 cm
21cm
22 em
18 cm
40 cm
20 cm
100 cm
100 cm
38 cm
100 em
50 cm
57 em
35cm

VIKING LANDER 2 RECTIFIED PHOTOMOSAIC

EVENING SCENE - CAMERA 2 -SECTOR 4

1984

others, 1978). Lander 2 faces approximately
north and tilts 8.2° downward in the direction of
277.4° clockwise from north. The viewing direc-
tion of its cameras when pointed in a direction
normal to the front of the lander is 29.0° clock-
wise from north along the horizon. The cameras
on Viking Lander 2 operated successfully for 61
days until the primary mission of both landers
was completed on November 15, 1976, at solar
conjunction.

During the primary mission, 454 pictures of the
martian surface were processed from Viking
Lander 1 data and 582 pictures from Viking
Lander 2 data. The extended mission of Viking
began December 15, after solar conjunction, and
ended in June 1978. During this period, an addi-
tional 1636 pictures were obtained from Lander 1
data and 1311 pictures from Lander 2 data. A
comprehensive description of the Viking primary
mission and the results of eight scientific experi-
ments on board the landers were published in the
Journal of Geophysical Research (v. 82, no. 28,
Sept. 30, 1977, see References).

*Latitudes are areographic (see de Vaucouleurs and
others, 1973).

Most of the data used in the mosaics were selected from the
primary mission. In some cases, extended-mission data were
included where primary-mission coverage was absent or where
the surface was obscured by the sampler arm. Further selec-
tion was made on the basis of optimum focus.

The image data were photometrically corrected (Huck and
others, 1975b; Patterson and others, 1977; Wolfe and others,
1977) for differences caused by variations in exposure and
for solar-lighting differences caused by minor time-of-day
variations in the pictures of the set. The geometry was then
transformed to a local Mars horizon and corrected for geo-
metric camera errors (Patterson and others, 1977; Wolfe,
1981). The corrected pixels composing a sector were then
combined by the computer into a single image, and an
optimum contrast correction was applied.

The mosaics are composites of the best pixels of all the
Lander pictures used for each sector. In the computer mo-
saicking process, the image data derived from the camera
events for each sector were assigned priorities on the basis
of quality or detail. These data were examined by the com-
puter in sequence according to the priorities, and the best
pixels of each data set were used for the mosaic.

The computer formatting of the Viking Lander mosaics was
done at the Image Processing Laboratories of the Jet Propul-
sion Laboratory of the California Institute of Technology,
Pasadena, Calif., under the general supervision of Elliott C.
Levinthal of the Department of Genetics, Stanford Univer-
sity, who represented the Viking Lander Imaging Team. A
detailed description of the multiple steps involved in the con-
struction of the Viking Lander mosaics and an acknowledg-
ment of the many people who assisted in the project were
given by Levinthal (1980).

GEOMETRY OF THE MOSAICS

The cameras on the Viking Lander acquire data by sampl-
ing in equal increments of elevation and azimuth angle. In
the accompanying mosaic, 8 mm subtends a 1° horizontal or
vertical angle, regardless of the place of measurement within
the panorama. If the martian surface were flat, one pixel
(0.04°) on the surface would be 1 mm wide at -60° camera
elevation and 2 m wide at the horizon 3 km away. Character-
istically for this type of imaging system, most straight lines
in the scene appear curved in the reconstruction. This re-
presentation of the picture data differs from that of a con-
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