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CAMERA CONTROL AZIMUTH
DESCRIPTION OF SCENE THE VIKING MISSION VIKING LANDER MOSAICS VC"“"““! camera having “point pchpe?“"e” picture geo-
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° In this view southwest from Viking Lander I, Two Viking spacecraft, each consisting of an or- The Viking Lander cameras acquired many high-resolution ?}]]:)rgéh l{;wv:)l;lr;l;eg:i)vlz pd;;nt};:)iﬁztzg,ngzlrcnsbtJ;Latn if::tc
40 I I 3 I T T | T E 171.0° the raised rim of a 410-m diameter crater projects biter and lander, were launched from Kennedy pictures of the Chryse Planitia and Utopia Planitia landing planie,ift thie cariera , g
20° e o SECTOR.1 | | | SEcTQR2 & secfoRy il | E above the horizon (line 100, sample 650) and Space Center on August 20 and September 9, sites. Each picture is the product of computer processing on The seometry of £he lander pictures is complicated by addi-
[ [N ] ‘ I f Pt : subtends an angle of about 12.5°. The crater is 1975. The Viking 1 spacecraft arrived at Mars on Earth of digital-image data transmitted from Mars as a result . g y . ;
I A | | | | : i : : s & 2 tional factors. Because both landers are tilted with respect
| =t j} —on | | | | Tt - 1.85 km from the lander. The rim of another cra- June 19, 1976, and was placed in a highly elliptic of “camera events” carried out by one of the lander camera to the horiz n 1 the uncorrécted. Bictures. ths Hofizon fe-
| e L& 3 | ‘ | | 3 Sy [ ter (150 m in diameter) forms the near horizon orbit around the planet at a periapsis altitude of systems. Further computer processing of data from a sel- & Lis erion; o i .
‘ ‘ | ‘ . : Y p P 8 sembles a sine curve. Computer rectification of the pictures
g —— | | ! | ; ; } + Q west of the lander (right side of image). nearly 1500 km. The orbiter cameras were used in ected number of these events yielded a total of 10 mosaics. ults in a straight }{orizon};lon which vertical an lescan be
2 3 i gv RN ¥ IR —— e eaEEl +2hbs LN Much of the near surface is occulted by the conjunction with other instrumental methods to Two pairs of mosaics from Lander 1 data (one mosaic from e sited with %es ect to the 1§c31 ravit vectorgand hori-
o o 1 ol AR P 1 T T g 3 - spacecraft because the view iis over the top of the find a suitable landing site for the lander. After each camera) consisted of one pair made from data taken in i p & 4 ;
E ‘ é ‘ {HET—12A212+ 1+ - F+ | 12A235 —{12B000} P . - ; p zontal angles can be measured from martian north. These
= 124119 | | ! | L LR iz P =N E lander. Parts of the lander that form the bottom about 30 days in orbit, the lander was sepal_'at.ed the morning (0700-0800 hours) and one pair made with data angles are not related in any simple way to the azimuth and
> ! 5 I T T joA153l edge of the panorama are: the cover of one of the from the orbiter, and on July 20, 1976, Viking acquired in midafternoon (1400-1530 hours). Similarly, elegvation aneles eiven b “cuinén: Goordinuted” 6T the Un-
g | L > T5h164 Radioisotope Thermoelectric Generators (RTG’s) Lander 1810UChef down on the Sgg;icevgf 'g\zrs at three pairs of mosaics for the Lander 2 site consisted of one rectified pictiresg
= ] ] =~ 12A238 that power the lander (line 400, sample 1750), lat 22.483° N.* and long 47. - (Morris pair between 0700 and 0800 hours, one pair at noon, and g o . . .
_30° J —_—r } 412A1‘&0 e =l .A % | the S-band low-gain antenma (line 400, sample and Jones, 1980) on the west edge of a large basin one pair between 1700 and 1800 hours. N 1;§1Cereatall]'ed(i)stt}:)errtiire]ogllzttrlsffdelcsttsoratli)inztdr: t:ftt;e ;an:;:é
; | ‘ b 12/-;\15? — \L\ o 900), and upper parts of leg 3 (line 850, sample called Chryse Planitia. [t landed in a stable posi- Procedures used for processing the Viking Lander camera tl?e c;l:mera windows: and camera-sgystemy distortior?s or
! | R ') — 100). Immediately above leg 3, (line 250, sample tion at a 3° tilt downward in the direction 284.9 data were described by Levinthal and others, (1977). The in- 5 e Brieit Wiy i Eansel. By the. iayi thie, Gl et
= |1ﬁA136 ! [ / L 870), partly in view, and lying on the surface is ClOCkWi_SC from north. ) dividual camera events used in each mosaic are identified in areomoﬁnted or;Oth’e Iandirre éfuhe egmeteric t{ansformati:)n
I {3 i e e 3 i the hollow metal canister that covered the surface The side of the lander on which the two cameras the outline of the accompanying camera view. Detailed des- . : N B ;
9 3 @ Z 2B017 | < . . . . fac hies h He ol ) o . 2 . used in creating the mosaics took into account the optic
el P | N (3 sampler instrument until after the landing on Mars. are mounted faces southeast. When the cameras criptions and reproductions of these camera events were given s : < »
60 - . N . . : : path distortion but not the “bolt-down” errors. However
’L\f It was ejected from the sampler arm upon com- are pointed in a .dll’l'iCthQ nor'ma.l' to the £ront of by Tucker (1978). Copies of the Viking Lander pictures can along the horizon, the error in azimuth angle is équal to thé
OUTLINE OF CAMERA 2 VIEW SHOWING CAMERA EVENTS USED IN MOSAIC mand from Farth, impacted the surface, bounced the lander, the viewing direction is 141.6” clock- be obtained from the National Space Science Data Center, votational “helidomn ermet for suehlcamena foy anacentacy
and came to rest about a meter west of footpad 3. wise from north along the horizon. The first pic- Goddard ligch 2 p ;
G e S N oddard Space Flight Center, Greenbelt, MD., 20771. of less than 1 pixel. The scale “azimuth angles from Mars
9 ture fr,omﬂ the surface of Mars, of an area near }he The Lander camera system (Huck and others, 1975a) has north” has been adjusted to take into account this correc-
e R iang?r SbeOtPad 3,2 W;S tgkenhlmnleQ1at<2)3/ ;tter selectable focus settings for a depth of field from 1.2 m to tion
cmmern'z st cauena 4 anding by camera 2. During the ensuing ays, infinity in the high-resolution (0.04° instantaneous field of ) : - ;
oL i \ ) the cameras responded to all commands and : d Thg Tow- luti " o The r§51dua1 azimuth angle errors are less than 1 glxel along
B ; Y 252.2 iseessiily wi Bl aedled mission. © view) mode. e survey (low-resolution) mode has an in the horizon and become larger with steeper elevation angles
¥ -/ i R\ FECS iy SSImct ofl tcp Sems-mision, S stantaneous field of view of 0.12°; this mode was used in the and large lander tilts. For the worst case, Lander 2, camera
i 7 SECTOR 4 ST Y| September 2, the activities of Lander 1 were re- i ly wh ish-resoluti i arg g : s O v
1 k ; ¢ v X ) ; : mosaics only where no high-resolution data were acquired. 1, this error is a maximum of 5.7 + 1 pixels at -60° elevation.
CEA = Camera elevation angle I a0l duced 1o 1ceeminiedute the planned weeeipt of datd Each complete mosaic extends 342.5° in azimuth, from The somewhat sinusoidal azimuth-dependent residual eleva-
o CAMERA CONTROL AZIMUTH L ' o from Viking Lander 2. o approximately S° above the horizon to 60° below. A com- tion error is a maximum of 3 + 1 pixels for Lander 2, camera
30504_“&514},5 ) i s0a.5° 430.5°  354.5° 335.2 On September 3, 1976, Viking Lander 2 success- plete mosaic incorporates approximately 15 million picture 1, and approximately 1 pixel for the other cameras. ’
\ r il M e 27 ' (& VERTICAL VIEW SHOWING VIKING LANDER 1 ORIENTATION fully landed on Utopia Planitia of Mars (47.566 elements (pixels). In order to manage the processing of such ’
30° |— o 2 L‘-*; L D —— N., 225.736° W.), more than 6500 kf“ northeast large data bases, each mosaic was compiled from four indivi- REFERENCES
\ . | | : \ of Lander 1 (Mayo and others, 1977; Davies and dual azimuthal sectors. Davi M. E.. Katayama, F. Y d Roth. 1. A.. 1978
F— l AZIMUTH A,\"GLES FROM MA,RS f;\JOR‘TH | - | others, 197_8). l;ander 2 fages appr'oximatel){ Most of the data used in the mosaics were selected from the an;st.ml ﬁet '(’)f ]\;afsy.dn;f:brdary"wa’?g. R(;nz C(.)rp "1(2309:
{ r_WI N l A\ gf/’{/tgoan;i tll(lts' 8~2f downwz;]rd ?‘hthe'd”f"cngﬁ of primary mission. In some cases, extended-mission data were NASA 91 b ) ’ ’
E L | 4° clockwise from north. e viewing direc- included where pri -missi v bsent h 3 : .
55 . : i : : . cl ) A g dir primary-mission coverage was absent or where 1 T .
270 300 330° l 360 30 l tion of its cameras when pointed in a direction the surface was obscured by th I aupruiyering Hu,°k‘ . O., McCall, H.. .I~., Patterson, W. R., and Taylor,
z R T =t T T} I I ] | is 29.0° cloc fiE SRE o 16C by Uh€ Sampler arms FULLILE SelcC G. R., 1975a, The Viking Mars Lander camera: Space
o 0 = : \ nqrmgl to the front of the lander is 29.0° clock- tion was made on the basis of optimum focus. Sci Instru ts.v. 1.1n0. 2. p. 189-241
- = | wise from north along the horizon. The cameras The image data were photometrically corrected (Huck and GleRES aumCHIS, Tt Onts P )
<>I | o - i : - on Viking Lander 2 operated successfully for 61 others, 1975b; Patterson and others, 1977; Wolfe and others, Huck, = O Burche{, £s B Tayl({r, E. I @0t Wa}ll, S. D,
& I ’ " 1 days until the primary mission of both landers 1977) o s : 1975b, Radiometric performance of the‘ Viking Mars
u l”' 4 % ol ) for differences caused by variations in exposure and Land . US. Nat 1 A tic d Sp:
w . ‘a was completed on November 15, 1976, at solar for solar-lighting differences caused by minor time-of-day ander, cameras e RO g
_30° . conjupction. ) o ) ‘ variations in the pictures of the set. The geometry was then Lg?ﬂTﬁZ;Stg“zp T:rfgn}f)ﬂetder]?mind‘ir;ggM%(ﬁz2319()28;1ics of
‘ During the primary mission, 454 pictures of the transformed to a local Mars horizon and corrected for geo- Mars as seen by the Vikine Lander cameras. NASA Con-
i martian surface were processed from Viking metric camera errors (Patterson and others, 1977; Wolfe ar: as Ps{cen ty3322 tking Lander cameras, on
3 o ‘ Lander 1 data and 582 pictures from Viking 1979). The corrected pixels composing a se’ctor wére ther; UCIom BEEOTh e et s
e Lander 2 data. The extended mission of Viking cambined. by the comI:)uter intopa siigle nage, and an Levinthal, E. C., (,reen,_Wllllam, anes, K. L., and Tucker,
o . . . 4 . . . ’ Robert, 1977, Processing the Viking Lander camera data:
) ! \ began December 15, after solar conjunction, and optimum contrast correction was applied. | ! of Geohysical R h 82 78 4412
~80 — ended in June 1978. During this period, an addi- The mosaics are composites of the best pixels of all the 4?;0% Ol SCOpISicas Seseaicily ¥ S2p:06s =Sy - ’

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

VIKING LANDER 1 RECTIFIED PHOTOMOSAIC

EVENING SCENE - CAMERA 2 - SECTOR 3
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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).

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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