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CAMERA CONTROL AZIMUTH <\ DESCRIPTION OF SCENE THE VIKING MISSION VIKING LANDER MOSAICS ventional camera having “point perspective” picture geo-
. . . - : o . o . : " metry, in which rays are projected from object space,
N . R . This southward view of the terrain directly in Two Viking spacecraft, each consisting of an or- The Viking Lander cameras acquired many high-resolution th bt i i1t in th 1 ; >
354.5° 4.5° 34.5° 64.5° 94.5° 124.5° 154.5° 184.5° 214.5° 244.5° 274.5 304.5 334.5° 354.5 171.0° front of the lander shows a surface strewn with biter and lander, were launched from Kennedy pictures of the Chryse Planitia and Utopia Planitia landing lm:gin th‘g Cpe;}spec lve point in the camera lens, to an image
40° T i T i | Tt | ‘t rocks in the centimeter-to meter-size range; several Space Center on August 20 and September 9, sites. Each picture is the product of computer processing on p flrr}ll : ta erfaih land - X licated by addi
‘ | | TOR 2 | SECTOR 3 Cfbﬁ 4 | areas interpreted as bedrock are also present (line 1975. The Viking 1 spacecraft arrived at Mars on Earth of digital-image data transmitted from Mars as a result _-hegeomelry of the lander pictures 1s complicated by addi-
X SECTOR 1 = SECTC | i T | 1 i+ P . s s & tional factors. Because both landers are tilted with respect
=0 L i ) | | /*\\</ | |2 275, sample 2700). Much of the near field be- June 19, 1976, and was placed in a highly elliptic of “camera events” carried out by one of the lander camera o the lnarive, - A (e i e P
i - |W i Eo i ek : I e tween the large blocks is blanketed by very fine orbit around the planet at a periapsis altitude of systems. Further computer processing of data from a sel- sgmt:fsmrsizon’~ on 1eCumortrec ¢ t_pfl'c L;{es fet110r17:0t11 res
I | L | gy J 5 grained (approximately 100 um) material, which nearly 1500 km. The orbiter cameras were used in ected number of these events yielded a total of 10 mosaics. lte' é r;c ‘l;lrtv; .:omp;J ox Ieﬁ,l Ilca Kt)'na? 118 PIc urgs
| ] . f t ‘ } 128063 I ‘?_ has been sculptured by the martian winds into conjunction with other instrumental methods to Two pairs of mosaics from Lander 1 data (one mosaic from Iﬁsu s H(lia S_tr}‘;ilg O?Ltontzll 0r11g Wl ACH ‘{fr . tang esdcal? c
- | MzAa112 i 12A116 | 12A155 12A125 il F | N tails behind rocks (line 900, sample 2700). Light find a suitable landing site for the lander. After each camera) consisted of one pair made from data taken in zoe:tsaulrfm }?g . rcsgecn N ]ed Ofca gravi { Voo orhan Thon_
o 1l 1T E’I2A()10 T2h107 T I 1 t I T2A110 B and dark drifts of this material can be seen in the about 30 days in orbit, the lander was separated the morning (0700-0800 hours) and one pair made with data aneles & ‘t a?‘ tecd i:lez,lsure. r?m mart 1a;1hnc')r_1, th esg
= 51281 Ko I ; | : == anilll ] = upper left of the mosaic; these deposits are about from the orbiter, and on July 20, 1976, Viking acquired in midafternoon (1400-1530 hours). Similarly, ‘ll gv t_arrle 'nnorl refal : "r‘]‘y‘,sml? e‘wayd.ot e,,d?'mltlh an
<>( s 30 7 5 T 128056 [ = : <& 15 m from the spacecraft. Large blocks on the Lander 1 touched down on the surface of Mars at three pairs of mosaics for the Lander 2 site consisted of one feect?fileod ?Ctél’lrecss glven.in “eamerd coordinates™ for the un-
o BO5 | 128I0:5 Ay ( i d ’L\’// near horizon in the upper left of the mosaic are lat 22.483° N.* and long 47.968° W. (Morris pair between 0700 and 0800 hours, one pair at noon, and one Thege p othé cometric distorti due to the ¢ .
. T 726043 : | I rons Tiz2a108 |7 | —rta about 80 m from the spacecraft and lie on the rim and Jones, 1980) on the west edge of a large basin pair between 1700 and 1800 hours. o T talred.St rt.g Oilletrl'cff 1stor 1;)‘n]st ue oft he .:amerai
R 0 4 i | SRR W (5 /ﬁ 15 Ihast SECTO of a small (200-m diameter) degraded crater; called Chryse Planitia. It landed in a stable posi- Procedures used for processing the Viking Lander camera ?}f ¢ path d1 f)rdlon . 1la (ii ?C s alig ]t raydg oL 1t passes
—30 NS \ y i i / i 2 e ! ol L the largest block is about 3 m across. The far tion at a 3° tilt downward in the direction 284.9° data were described by Levinthal and others (1977). The in- “be ltcgmcra” win O“S’ t‘m came(;ai)sys }em 1st<;1rt10ns, of
: AN ‘ L - t R t t ¢ & Tl <4 horizon at the upper right is probably a ridge be- clockwise from north. dividual camera events used in each mosaic are identified in ot owtnd erroii, llla dare cz;l}xse Y tie. way t‘? carﬁte.ras
§ > 2 ‘ | 12A124 128207 y. | 12A068 & V% \ yond the 3-km nominal horizon. The side of the lander on which the two cameras the outline of the accompanying camera view. Detailed des- arednlpun & t.on the AlSEEs 16 fef)nt]e TiC iians (;rma 10,“\
i N 11250,69 —1 : | I | I i i 7 Bk < The bottom edge of the mosaic is about 1.7 m are mounted faces southeast. When the cameras criptions and reproductions of these camera events were given usih ‘lin tcret{l mgb te moslalcs“btolo d i o”account Lle optic
I =2 | 12A103 z | o Pd from the camera. Footpad 3 of the spacecraft can are pointed in a direction normal to the front of by Tucker (1978). Copies of the Viking Lander pictures can pla tltf O}r] 108 U thnot the 00 t ov;/ln elrrqrs. ai)wev;r,
_60° (g be seen in the lower right. Immediately above the the lander, the viewing direction is 141.6° clock- be obtained from the National Space Science Data Center, ?o(i:tgionefl ‘%r:jzg;)W:,,e;;?érl?oizé?cl}l]t C;Egrz lti)z?luacctl?r;cs
A EVENTS USED IN MOSAIC footpad is a disturbed area or small crater made by wise from north along the horizon. The first pic- Goddard Space Flight Center, Greenbelt, MD., 20771. ) . e :
QUTLINEGF GARER 2 V| EW SHOWING CANMER . the impact of a hollow metal canister that covered ture from the surface of Mars, of an area near the The Lander camera system (Huck and others, 1975a) has of lis,s, ?}‘mbl pl)'“:il‘. VT}(;C scalek a_znnulth angles fr.om Mars
6.8 the surface sampler until after the landing on Mars. 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-
The canister was ejected from the sampler arm up- landing by camera 2. During the ensuing 43 days, infinity in the high-resolution (0.04° instantaneous field of tl%n}; idual azi b anel i an 1 o
., on command from Earth. The windswept or the cameras responded to all commands and view) mode. The survey (low-resolution) mode has an in- : }e 1€S1 ul adzlll;lu‘tlanlgjeerror.slare ess than plxel along
. 252.2 scoured appearance of the surface at the lower successfully carried out their assigned mission. On stantaneous field of view of 0.12°; this mode was used in the ‘t“:j 110”2(;'“ an ‘leLonl? ar}ger with steeper elevation angles
- SECTOR 4 left was caused by exhaust from the rocket engines September 2, the activities of Lander 1 were re- mosaics only where no high-resolution data were acquired. ‘;n ; arge ‘mfief t 5 For t;e WOTSE e, Lander 2, camera
d . 23 \ during landing of the spacecraft. Small rocks and duced to accommodate the planned receipt of data Each complete mosaic extends 342.5° in azimuth, from T’ht s errorhls a maximum of 5.7 + 1 pixels at -60" elevation.
CEA x Same”’ elevation angle { N\ nomat Lanogn GeomeTRy fragments blown out by the engine exhaust made from Viking Lander 2. approximately 5° above the horizon to 60° below. A com- 1S Somew f’t s3m.lsoldal azimuth-dependent residual eleva-
CAMERA CONTROL AZIMUTH 335.2° little pits and tracks in the fine-grained material On September 3, 1976, Viking Lander 2 success- plete mosaic incorporates approximately 15 million picture Illon IIor 1§ a maximum ,Qf 3? 1 pixels for‘Lander 2, camera
o , o 34.5° 64.5° 94.5° R R 4.5° 334.5° 354.5° as the rocks rolled along the surface (line 850, 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.
2504‘5 45 - . : 124.5 154.5° 184.5° 214.5° 244.5° 274.5 304. VERTICAL VIEW SHOWING V'IKING LANDER 1 ORIENTATION sample 4000). N., 225.736° W.), more than 6500 km northeast large data bases, each mosaic was compiled from four indivi- REFERENCES
Grid is in spacecraft coordinates of Lander 1 (Mayo and others, 1977; Davies and dual azimuthal sectors. Davi M E. K Fy d Roth. 1. A. 1978
30° others, 1978). Lander 2 faces approximately Most of the data used in the mosaics were selected from the (E\‘/ws, 1 o ¢ l\;ta){an}l}a,b : "193,?& ROt d)C‘ .’R2309,
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z o wise from north along the horizon. The cameras The image data were photometrically corrected (Huck and H Lll(en}c:e SSU;"]??S’ VEZ 1’}‘,110‘ Z, {’ 18[?_2 L. W
. on Viking Lander 2 operated successfully for 61 others, 1975b; Patterson and others, 1977; Wolfe and others, L;C97'5b' R."d'uu er_,‘ . E., Taylor, E. J.’l andv' all, S. P"
< : days until the primary mission of both landers 1977) for differences caused by variations in exposure and ander c: 4 lolm_etm gerﬁrn}an'ce o t(le_‘ I}flng M“‘fs
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w OF ROCKS IN SCENE : : L . . Administration Technical Memorandum TMX-72692.
. Distance from conjunction. variations in the pictures of the set. The geometry was then Levinthal, E. C.. 1980. Th is of M ]
v Rock No. ', Spacecraft Widtp During the primary mission, 454 pictures of the transformed to a local Mars horizon and corrected for geo- evinthal, . ¢, Nl et of Mars as seen by the
oo y Som  250m martian  surface were processed from Viking metric camera errors (Patterson and others, 1977; Wolfe, Viking Lander cameras, NASA Contractors Report, (in
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COMPLETE MOSAIC, MORNING SCENE, CAMERA 2
(Corrected for tilt)

VIKING LANDER 1 RECTIFIED PHOTOMOSAIC

MORNING SCENE - CAMERA 2-SECTOR 2

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).

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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