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CAMERA CONTROL AZIMUTH DESCRIPTION OF SCENE THE VIKING MISSION VIKING LANDER MOSAICS ventional camera having “point perspective” picture geo-
. R o . . . s s e . : : metry, in which rays are projected from object space,
150.5° 180.5° 210.5° 240.5 270.5 300.5° 330.5 350.5 On the bolder-strewn plains west of the lander, Two Viking spacecraft, each consisting of an or- The Viking Lander cameras acquired many hlg}}-‘resolutx'on g v P >
T T T 1 [ | [ [ TH the rock distribution is extremely broad and uni- biter and lander, were launched from Kennedy pictures of the Chryse Planitia and Utopia Planitia landing ;};;gzgmh ttl}llee &i;?:’lcnve point in the camera lens, to an image
L - 2 | S cEeTOmA e ] § form. Most of the rocks appear to lie on fine- Space Center on August 20 and September 9, sites. Each picture is the product of computer processing on : : F : "
OR2_ = —BECTOR3 i |1 L [ 3 i grained soil. The rock debris which covers the 1975. The Viking 1 spacecraft arrived at Mars on Earth of digital-image data transmitted from Mars as a result " The] gfeoinetry ;f the lanbderhp;cu:lres 1 conillph‘;:atgdhby addi
il = P | | i £ +’ 1k 171.6° Lander 2 site may be part of an ejecta flow lobe June 19, 1976, and was placed in a highly elliptic of “camera events” carried out by one of the lander camera tlor:fl }z:c o155 ecal;lse oth lan er arse t teh W}it _respect
2hA142 | "'5511 f ; | | ‘\ P from the large impact crater, Mie, about 170 km orbit around the planet at a periapsis altitude of systems. Further computer processing of data from a sel- ° ble =0k, 91 § %uncorrecte Pf‘."t“.rcs t; honz'on Te-
- L } Bl east of the lander. Wind erosion has removed the nearly 1500 km. The orbiter cameras were used in ected number of these events yielded a total of 10 mosaics. Se;nltes.na sn;e Cu}ftvi 'omp;lter re}?l }icatl(t),n;]’ L le plcturgs
il 12141470 - 21A149 |+ ‘ | fine material leaving the larger blocks in relief; conjunction with other instrumental methods to Two pairs of mosaics from Lander 1 data (one mosaic from ICSUNLS lda S'trlilg OIt-thontalllorllg wl 1Ch vertical ang es;al? e
% - — t al some even appear to stand on pedestals (line 430, find a suitable landing site for the lander. After each camera) consisted of one pair made from data taken in meatS‘i’Ie gIWI resgec o ed ofca gravity Vector,;n ThOIl‘
= 1A150H | N odo LI \?«069 T R1ARZ5T # 4 9, sample 3800). Small drifts of fine-grained material about 30 days in orbit, the lander was separated the morning (0700-0800 hours) and one pair made with data Zﬁnla :n estcarl] te;ir'neasure' rTm martla?hnort‘ Juth esg
< = ‘ B b t CRER (line 300, sample 4250) similar to drifts seen at the from the orbiter, and on July 20, 1976, Viking acquired in midafternoon (1400-1530 hours). Similarly, algets. 1e Dot Iefaled In any simple wa):j.to e;,afzxmu}tl .
o h \ Ll 4 il & Lander 1 site are distributed among..the large Lander 1.touched down on:the. surface.of Mars-at three pairs-of mosaics-for-the-Lander 2-site consisted‘of one & e‘;?f}(:i" ?r}[gles given in__camera coordinates” for.the un:
] = U h21A128 ;L- 1 D1A052 - il ¥ blocks. The drifts probably are remnants of a lat 22.483° N.* and long 47.968° W. (Morris pair between 0700 and 0800 hours, one pair at noon, and one re;}i Ief PIC ur;‘,ls. N di . ;i
“ ol \ég ' | f=2A04 thicker layer of material that mantled the area and and Jones, 1980) on the west edge of a large basin pair between 1700 and 1800 hours. p ere ?Iied(')tt er.geor?letncff lstortul)_n}sl due to the camera:
. S » \“L 3\ | subsequently was swept away by the martian winds. called Chryse Planitia. It landed in a stable posi- Procedures used for processing the Viking Lander camera 0}? 1C pa 18 ?T;IOH t atda ects a light ray a}fter it passes
i e |\ = i Parts of the spacecraft visible at the bottom of tion at a 3° tilt downward in the direction 284.9° data were described by Levinthal and others (1977). The in- f‘be lcildmera” win OW;’ and  camera-system distortions, or
b RN - 35.8° the picture are the cover of the Radioisotope clockwise from north. dividual camera events used in each mosaic are identified in olt- ownd errorls], tlat are aused by the_ way the camerag
ljr,:\ 335. Thermoelectric Generator (RTG) (line 500, sample The side of the lander on which the two cameras the outline of the accompanying camera view. Detailed des- aredm_ounte on the ander.. The gef)metrlc transformatlo.n
s B 1 f? | Pt : 7 2800) and the mounting structure for leg 2 of the are mounted faces southeast. When the cameras criptions and reproductions of these camera events were given useh cljn cregtlngbt © mos}?lcs“ teok mto” account the optiq
_eo° LR o P T IS 2 Ehl! cosed i BB lander (line 1100, sample 4200). The beaded are pointed in a direction normal to the front of by Tucker (1978). Copies of the Viking Lander pictures can aplat llf“’}‘l“".“ it h"Ot the “"bolt-down” errors. However,
(& object above leg 2 (line 900, 4300) is a stroke gage the lander, the viewing direction is 141.6° clock- be obtained from the National Space Science Data Center, ong the horizon, the error in azimuth angle is equal to the
OUTLINE OF CAMERA 1 VIEW SHOWING CAMERA EVENTS USED IN MOSAIC used to measure the amount of force sustained by wise from north anng the horizon. The first pic— Goddard Space Fl]ght Center, Greenbelt, MD, 20771. l'oftilltlonal: bcl)lt-QO\;/n error for ;C‘aC}:l camera to an accuracy
the leg during landing. ture from the surface of Mars, of an area near the The Lander camera system (Huck and others, 1975a) has Of Aess: ;anb pixel. The scale “azimuth angles from Mars
0 lander’s footpad 3, was taken immediately after selectable focus settings for a depth of field from 1.2 m to north™ has been adjusted to take into account this correc-
landing by camera 2. During the ensuing 43 days, infinity in the high-resolution (0.04° instantaneous field of tl?lf‘}; . . .
A, the cameras responded to all commands and view) mode. The survey (low-resolution) mode has an in- e residual azimuth angle errors are less than 1 pixel along
oR. successfully carried out their assigned mission. On stantaneous field of view of 0.12°; this mode was used in the the horizon and become larger with steeper elevation angles
SECTOR-1 : s and large lander tilts. For th t Lander 2
/ 2 d . September 2, the activities of Lander 1 were re- mosaics only where no high-resolution data were acquired. 1 thi ge¢ fander 1its. Lor the worst case, Lander 2, camera
NOMINAL LANDER GEOMETRY CEA=Camera elevation angle | /-4 duced to accommodate the planned receipt of data Each complete mosaic extends 342.5° in azimuth, from T’ht 13 errorhlsta {naxn?:ju;n 0f5'7hidl p"“’&ls at -60.delevat10n.
= from Viking Lander 2. approximately 5° above the horizon to 60° below. A com- ‘he somewhat sinusoldal azimuth-dependent residual eleva-
See5 330.5° 350.5° du.4 On September 3, 1976, Viking Lander 2 success- plete mosaic incorporates approximately 15 million picture tllon error is a maximum of 3 + 1 pixels for Lander 2, camera
350.5°.5° CAMERA CONTROL AZIMUTH 5 270.5 | ‘ ST By 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 » and approximately 1 pixel for the other cameras.
40 TR T \ ‘ / 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
30° | L . | of Lander 1 (Mayo and others, 1977; Davies and dual azimuthal sectors. Davi M. E. Kat F. Y d Roth. J. A.. 1978
[ | A \ \ ‘ ,\1 | others, 1978). Lander 2 faces approximately Most of the data used in the mosaics were selected from the zgles, 1 : t" £ I\: ay.arrl;a,b ’ 19"1;18 ROt d’C‘ "RZ309’
ey BOM‘}MARS NORTH | north and tilts 8.2° downward in the direction of primary mission. In some cases, extended-mission data were N(;xnst;‘o 9nle ol Mags: Tebruary = SancLerp. )
! | \ i ‘ % d 2 277.4° clockwise from north. The viewing direc- included where primary-mission coverage was absent or where Huck F’ Op.M Call. H. F.. Patt W. R d Tayl
- 3550 | | 120° tion of its cameras when pointed in a direction the surface was obscured by the sampler arm. Further selec- léc ,R '19'7’5 CT; Vk - !\; erslfm,d o an, gy or,
ol A \ | normal to the front of the lander is 29.0° clock- tion was made on the basis of optimum focus. S-' N I 5 Se llmg 2ars 1?;2 2e‘r“camera. pace
z 0 | wise from north along the horizon. The cameras The image data were photometrically corrected (Huck and H cll(en;e Sstr];me}r:ts, VE ’Eno'T ’E" E‘ : d Wall. S. D
o on Viking Lander 2 operated successfully for 61 others, 1975b; Patterson and others, 1977; Wolfe and others, uc97,5b. R.,d‘urc er, L. f aylor, ‘fJ" an V'ki'l e
< days until the primary mission of both landers 1977) for differences caused by variations in exposure and i » N2 1om.etricj: ger ormance of the Viking Mars
a was completed on November 15, 1976, at solar for solar-lighting differences caused by minor time-of-day ander cameras: U. S. National Aeronautics and Space
> . % L ; . Administration Technical Memorandum TMX-72692.
- conjunction. variations in the pictures of the set. The geometry was then Levinthal, E. C d] K. L. 1980 Th ics of M
W —30°| During the primary mission, 454 pictures of the transformed to a local Mars horizon and corrected for geo- i ’b : h., z:/n_k_ onzs, L : Ne r;os?cs .
| martian surface were processed from Viking metric camera errors (Patterson and others, 1977; Wolfe, ;S See? 3)3';66 iking Lander cameres, NASA Contracters
Lander 1 data and 582 pictures from Viking 1981). The corrected pixels composing a sector were then L isp(;r(l‘ E C G Willi
Lander 2 data. The extended mission of Viking combined by the computer into a single image, and an svnthal, L. Ls, Green, Willian, Jenes, K. L., and Tacker,
began December 15, after solar conjunction, and optimum contrast correction was applied. Robert, 1977, Procgssmg the Viking Lander camera data:
—60° ! ended in June 1978. During this period, an addi- The mosaics are composites of the best pixels of all the Journal of Geophysical Research, v. 82, no. 28, p. 4412-

COMPLETE MOSAIC, EVENING SCENE, CAMERA 1
(Corrected for tilt)

DISTANCE AND SIZE
OF ROCKS IN SCENE

Distance from

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

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

4420.
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given by Levinthal (1980).

GEOMETRY OF THE MOSAICS

The cameras on the Viking Lander acquire data by sampl-
ing in equal increments oi 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-

picture catalog of primary mission experiment data record:
National Aeronautics and Space Administration Reference
Publication 1007, 558 p.

de Vaucouleurs, G. D., Davies, M. E., and Sturms, F. M., Jr.
1973, The Mariner 9 areographic coordinate system:
Journal of Geophysical Research, v. 78, no. 20, p. 4395-
4404.

Wolfe, M. R., 1981, Viking Lander camera geometry cali-
bration report: California Institute of Technology, Jet
Propulsion Laboratory Publication 79-54,v. 1, 36 p.

Wolfe, M. R., Atwood, D. L., and Morrill, M. E., 1977,
Viking Lander camera radiometry calibration report:
California Institute of Technology, Jet Propulsion Lab-
oratory Publication 77-62,v. 1, 90 p.



