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I. Introduction 

During the Surveyor VII mission, the earth was easily 
visible in the narrow -angle mode of tbe television cam­
era . The objectives of observing the eart h were twofold: 
to measure the averag e lumin ance of the eart h over as 
grea t a range of phas e angles as possible , and to measur e 
the degree and orientation of the polarization of light 
reflected from the ear th . Eac h of these objectives was 
new, as the only comp lete pr eviously existent data on 
the photometric and polarirnetric prop erti es of the earth 
were derived by indir ect astronomical meas uremen ts of 
the moon. 

This paper summarizes the results , thus far, of these 
measurements and does not attemp t to explain or cor-
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relate the data with other factors, such as geogr aphic 
location , weath er conditions, etc. 

II. Observing Conditions 

The landed site of Surveyor VII at 11.47 deg W and 
40.86 deg S position ed the ea rth at camera elevations 
rang ing from 45 to 55 deg during the lunar clay. Figure 1 
shows the variation of phas e angle of the eart h with the 
terrestrial elate during the mission. The circles on the fig­
ur e indicat e the times when camera exposures were 
mad e of the eart h. Th e last two days of the mission 
were devoted to observat ions made on the average of 
once every two hour s. 
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Fig. 1. Plot of phase angle of earth as seen from the Surveyor VII site 

The general proc edure in making th ese measurements 
was to expose the camera to the ea rth luminance such 
that the brightest portions wou ld regist er a video signal 
just below the saturation leve l. A series of two fram es 
each was then tak en through each of th e four filt er 
positions. The cam era was then open ed one full iris set­
ting ; th e above procedur e was rep eated . By using this 
technique , the entire range of earth luminances was 
measured by a camera response of more limit ed expo­
sure latitude . 

Close to th e actual times of earth observation , a mea ­
surement was made of one of the thre e illuminated 
photom etric targets on the spacecraft. Th e pr eflight 
calibration values for absolute luminance could be thus 
verifi ed . 

A total of 823 fram es were tak en of the ear th during 
the lunar day. Not all of th ese fram es were taken for 
photometric and polarim etric purposes. From the total 
numb er only 135 fram es were selected for comput er 
proc essing. The results given in this p aper are the first 
reduction of these observations (Ref. I) . 

Ill. Camera Parameters 

A. Polarizing Filters 

The Surv eyor VII camera was equipped with an accu­
rate position filter wheel so that the measurement with 
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polarizing filt ers would be pr ecise . The pol arizing filt ers 
on this cam era were form ed of glass laminat ed , linearly 
polarizing di chroi c (KN-36) m ateria l, 3 mm thick. Th e 
filt ers were cut such th at their transmission axes wer e 
oriented at angl es of 0, 45, and 90 deg wh en they 
were rotat ed into the light path. Th e 0-deg orientation 
was para llel to the mirror surfac e and p erpendicular to 
the plan e containing the mirror normal and th e camera 
optical axis. Th e filter wh eel, and thus th e polarizin g 
filt ers, are an integral part of th e mirror housing and 
rotate with it. Th e fourth po sition on th e whe el was a 
piece of clear glass with a coating of incon el of sufficient 
density so that the transmission of the glass was equal 
to that of the polarizing filters. 

Th e exact position of th e transmission axes of the 
filt ers with respec t to th e mirror assemb ly was deter­
min ed in pr eflight calibration. A pola rizing filt er of the 
same type was mounted in a graduated rotating cell 
befor e th e light source . The light sourc e was position ed 
along the tilt axis of the camera. Thus, the minor eleva­
tion axis and an exact 0-cleg transmission axis of the first 
polarizing filt er would be horizontal. The polarizing 
filt er was then rotated until extinction, wh ich was 
mark ed by a minimum camera signa l, occun ed. The 
angle was then read and th e correspo ndin g orient ation 
of th e polarizing filt er in the filter wheel was th en deter­
mined. This method was repeated for each filter position. 

Th e measurem ent of the polarization of eart h light 
was furth er complicated in the Surveyor VII camera by 
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the viewing mirror. Th e polariz ed earth light undergo es 
an alteration of type and orientation after reflec tion by 
the metallic mirror. In general , linearily polarized light 
incident on an overcoated alumini zed mirror will be 
transformed into ellipt ical polariz ation. Measurement of 
this polarizat ion by thr ee linear analyzers will result in 
erroneous values dep endent on the amount of ellipti cal 
polarization. 

Figure 2 shows the effect of a metallic mirror on linear 
polarizat ion at varying angles of incid ence. For observa­
tion of the lun ar surface especia lly close to the space­
craft at i = 25 deg ( camera eleva tion - 40 deg), the 
effect is not too serious. For the earth observation , how­
ever, incidence angle s of 65-70 deg are the rul e, and 
mirror effect is very important. 

One method of eliminatin g this source of error is to 
measure the prop erty of the mirror to alter the linear 
polarized light. Known amounts and orientation s of 
linear polarized light are mad e incid ent on the mirror 
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Fig, 2. Plot of elliptica l polarization resulting from incident 
linear polarized light incident on a Surveyor mirror (phase 
difference is plotted against angle of incidence for azi­

muths of incident linear polarization of 20 and 40 deg; 
azimuth of incident light is measured from plane of mirror 
counter-clockwise ; and azimuth angle of ellipse is also 

shown for 20 and 40 deg) 
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at various incident angl es. The resultant elliptical polar­
ization is then measured. 

The capability of a metallic mirror to alter the polar­
ization form of incid ent light may be described math e­
maticall y by a 4 X 4 matrix of coefficients , known as 
the Mue ller matrix. A four-component vector, called the 
Stokes vector, comp lete ly describes any form of polariza ­
tion . Thus, the resultant polarization form of reflected 
light specified by a Stokes vector can he calculated by 
premu ltiplying th e incident polarized light (Stokes vec­
tor) by the Mue ller matrix of the mirror. Thus , 

S' = MS 

The incident Stokes vector is then given by the equ ation 
S = M-1 S'. 

In measuring partially polariz ed light usin g only thr ee 
linear polari zing filters, th e complete Stokes vector 
( which includ es phas e inform ation) cannot be deter­
mined. Thus, an assumption must be mad e concerning 
the type of incident polariz ed light; e.g., that it is linear. 
In the case of the lun ar surface , this is probably a rea­
sonab le assumption; how ever, it may be somewhat in 
doubt when applied to the earth. In this pap er, however, 
only linear polarization is assumed. 

B. Photom etry 

Photome tric measur ements of the earth were taken 
through the clear filt er position , thus using the entire 
camera spectral response. Hence , the measurements 
"vould not be correct unl ess the spectral distribution of 
the scene closely corresponded with that used during 
calibration . Fortunatel y, the spectra l power distribution 
of sunlight reflected from clouds was very similar to 
that of sunlight above th e atmosphere. The light sources 
used to calibrate the television camera before flight 
possessed spectral power distributions very similar to the 
sun . Exact correction factors for even the slight deviation 
between the sunlight and these sources were determined 
for Surveyor VII. 

For the clear positio n, the luminances have a correc­
tion factor of 1.17 and have been correc ted for this 
pap er. The parts of the earth, such as the oceans and 
continents, h aving diff erent distributions must of neces­
sity have larger correction factors. However , for this 
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pap er, they were not estimated because of the large 
dominance of the cloud cover. 

IV. Data Reduction 

The computer proc essing of the selected earth frames 
follows the flow diagram outlin ed in Fig . 3. After selec­
tion of the most important fram es (flight pictur es), pro­
cessing begins with analog to digital conversion . 

The composite video signal is record ed during th e 
mission on magn etic tap e simultaneously with the photo­
graphic imag e. This composite signal consists of all 
associated data, such as hor izont al and vertical synchro­
nization pulses, camera paramet ers given in a pulse code , 
and video frame. The signal is recorded in the frequency 
domain. 

The analog tap e then is replayed at a reduc ed speed 
(from 60 to 7½ ips) and passed through a 30-kHz filt er 
to a demodulator. Th e demodul ator converts the com­
posite video to voltag es. Th e voltag es are converted to 
digit al values scaled at 8 bits . Th e most signifi cant 6 bits 
are then record ed on digital magnetic tape. Digiti zed 
black is given the value of 63, and whit e of 00. Th e 
digital values are then rear ran ged in th e computer, line 
by line, unt il a pictur e fram e of 600 lines is complete. 
Each line is brok en into 684 elements rath er than the nor­
mal 600 elements in order to utili ze more of the densely 
packed information (frequ ency) along a line . Thus, a 
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digiti zed fram e consists of 600 X 684 pictur e elements 
(or pixels as they are called). 

Referring to th e flow diagram , the processing con­
tinu es with the digiti zation of the calibration pictures . 
These frames , tak en at increasing luminance levels, are 
chosen to allow close int erpolation of the light-transfer 
charac teristics . Removal of reseau and blemishes is then 
applied. The JCALIJ3 program smoothes the data by an 
averaging routin e and eliminat es effects of periodic 
noise. Th e resulting smooth ed fram es are then com­
bined into calibration data set, using the ICMR GE pro­
gram. For a given digital value, the scaled luminanc e is 
calculated from this data set. 

Th e Sttroeyor cameras ha ve shown a variation of traus­
fer charact eristics that is dependent on the iris and re­
quir es the actual monitoring by a potentiometer. 

Th e frame position , as well as the signal amplitude , 
requ ires that an int erp olated data set be mad e between 
calibration data sets usP-d at the same iris setting as the 
flight fram e. The larg e numb er of fram es tak en on 
the lunar surfa ce were not tak en at the iris positions 
that the preflight pictures were. The program that gen­
era tes the int erpolat ed data set is ICFSTOP . 

Th e final pro cessing uses a program called ICOR to 
compute the scaled lumin ances from the digitized flight 
picture , using the ICFSTOP data set at the same iris 
position . Scaled lumin ances are obtain ed by adjusting 
the output so that the maximum luminan ce is less 
than the product of th e scaling factor and 255 (8 bits) . 
All fram es includ ed in this reduction have been pro­
cessed in this mann er. 

To check the ab solut e luminan ces, a measurement of 
the photometric targets was mad e durin g the mission. 
These frames were processed in the same manner as the 
earth pictures , and the resultant luminan ces were plot­
ted against assumed values determin ed from preflight 
goniophotometric calibration of the tar gets. Correction 
to these assumed values was made for spacecraft reflec­
tion. Luminances determin ed by this technique are be­
lieved to be within an accur acy of + 10%. 

V. Photometric Results 

Th e averag e earth luminan ce was obt ained by sum­
ming the pixel luminanc es and dividing by th e number 
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of elements . Certain jud gme nt was req uir ed as to the 
geometrical limit of the image, especially alon g' the ter­
minator; how ever, th e results are believed well within 
the measurement error . 

The plot of the average earth lumin ance as a function 
of phase angl e is given in Fig. 4. The bla ck dots rep re­
sent the values before conjun ct ion. The spread of th e 
luminanc es is due to meteorolo gical conditions. For com­
parison, the curves obtained pr eviously by astronomical 
observation (Ref. 2) of earthshin e on the moon are also 
included in the figure. Th e p symbo l is th e Bond 
albedo or the reflectance in th e new photometric tenni­
nology defined by th e CIE (Comm ission Internationale 
d'Eclaira ge) standard. Th e specular peak appears to start 
earlier than pr eviously measured, and all the values are 
high er than that observed. 

The value of ea rth shin e at the lun ar surface was cal­
culated from these average luminances. For this purpose, 
the solid ang le was calculated using th e eq uation: 
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where L is the average earth lumin ance, r is the fra ction 
of the disk illumin ated b y sunli ght , and 0 is the angular 
semidiameter of the earth on the date of observati on. 
Th e average ear th illuminanc e norm al to th e surface is 
given in Fig. 5. 

VI. Polarimetric Results 

Th e images of the ear th (Fig s. III-95 and III-96 of 
Ref. 1) show a prominent patch of light on the spheroid 
that is d irec tly assoc iat ed with specu lar refl ection of sun­
light from th e oceans. This reflect ion, as is th e sun glint 
off the su rface of a lak e or pond , is heav ily polari zed . 
The polar ization of thi s patch of light amounts to 32% 
as measured on one ima ge of the ear th. 

Polarizat ion meas ur ements of similar areas on the re­
maining eart h fram es are in progress . It is expecte d th at 
the spec ularl y reflec ted sunlight vvill be the predominant 
factor in th e int egrate d pol arimetric function of th e earth. 

The orientation of polari za tion is perpendicular to the 
ph ase plane. Th e phas e plan e is being defin ed as the plane 
form ed by the vectors from the earth center to the center 
of the moon and sun, respectiv ely. 

It is int eresting to note that the degree of polarization 
(i.e., its magnitud e) should be associated with the rough­
ness of the ocean surface. In oceanography, this condi­
tion is called sea state. Exact identif ica tion of th e ocean 
areas where m;:iximum polari zatio n exists is curr ently in 
progress , and inqui ry as to th e sea state condition at the 
time of earth observation ha s begun. Future use of polar­
iza tion analysis from earth resources satellites provid es 
possibiliti es of monitorin g the sea stat e of ocean areas 
not normal ly covered by other means. 

VII. Summary 

The first results of the photom etry and polarim etry of 
the earth are given in thi s pap er. The eart h reflectance 
is slightly h igher than expec ted from some astro nomical 
data , although some authors (Ref. 3) have pr edic ted such 
values. Specular reflect ion of sunlight from the ocean 
areas show large amounts of polari za tion. A possibl e 
corr elation exists b etween the degree of polari zation and 
the sea stat e of the ocean. 
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Colorimetric Measurements of the Solar Eclipse 

and Earth From Surveyor Ill 
J. J. Rennilson 

California Institute of Technology 

Pasadena, California 

I. Introduction 

Of the five successful Surve yor missions , Su rve yor III 
was perhaps the most fortuitous of all bec ause it was 
treated to an event never before seen by man , that of an 
eclipse of the sun by his own plan et . Originally such 
observation was not plann ed for; ind eed the physical 
limitations of t11e television camera were such as to pr e­
vent observation of this event. Fortun ately, the space­
craft land ed in a crat er and in the exact orient ation that 
enabled the camera to look well above its own horizon. 

The television camera on the Surv eyor spacecraft 
possessed a 16-deg tilt to a hori zontally land ed vehicle. 
Thus , when Surv eyor Ill land ed on a slope of 14 deg, the 
resultant camera tilt was 23 deg with respect to the local 
lunar vertical. Becaus e the camera tilt plan e was orient ed 
toward the northw est, the earth could be observed only 
in the wide-angle mode. 
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111e solar eclipse began at 09:48 GMT on April 24, 
1967. Sh01tly after the start of the eclips e, the camera 
was comm and ed to its highest elevation step, to t11e wid e­
angl e mod e, and to photograph two sets of pictures. 
Later in th e Surv eyor III mission, the camera was 
point ed to its upp er elevation limit and was command ed 
to photograph the earth in its crescent phas e. On each of 
these series, the filt er wh eel cont aining color filters (blue, 
green, and red) was cycled . This pap er describes the 
colorimetric results of these observations. 

II. Conditions of Exposure 

Th e solar eclipse as seen from the moon is, of course, 
a lunar eclipse viewed from the earth. The earth sub­
tends an angl e of about 1.9 deg at the lunar surface , 
thus the inner corona is only visibl e shortly aft er the 
beginning of totality and shortly before its encl. Th e mo­
tion of the moon causes an apparent motion of the sun 
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relative to the earth, and its path has been calculated by 
E. Whitaker and presented in the Surv eyor Ill mission 
report (Ref. 1). Figures 1 and 2 are repet itions of these 
figures in the report and are used here for convenience. 

Because the television camera <lid not photograph the 
beginning or end of totality , the only light reaching 
Surveyor Ill was from sunlight refracted by the earth 
atmosphere . Present in this light pat h were aerosols that 
acted as scattering media and thus effectively filtered 
out the major contribut ion of blu e light. In the case of 
the earth picture series, the pr edo minat ely high reflec­
tance of the clouds with respect to the oceans greatly 
exceeded the dynamic exposure rang e of the camera; 
hence, an exposure was chosen so that the oceans and 
land areas were underexposed. 

Ill. Camera Parameters 

Two comp lete series of frames were taken of the solar 
eclipse on Ap ril 24, 1967. The first series was taken at 
11:24 GMT or about 42 minutes after the start of totality 
and a second series at 12:01 GMT. During each series, 
the filter wheel was rotated and two frames through 

• SUBLUNAR 
POINT 

11:24 GMT 

each color filter were exposed. The first series was ex­
posed using an iris of f/4 for the blue, for the green, and 
for the red filter. The second series was exposed at f/5.6. 
The earth series was taken at 10:37 GMT on April 30, 
1967, and exposed at f/5.6 in the blue, the green, and 
the red. 

A. Color Measurement 

The color filters used on Surveyor Ill were the firs t 
Surv eyor set designed to fit the CIE (Internation Com­
mission on Illumination) color mat ching fun ctions . These 
functions are derived from a system of color measure­
ments using experim ental laws of color matching by hu­
man observers . Such laws stat e that most rea l colors may 
be visually matched by an additive comb ination of not 
more than three fixed primary colors in suitabl e amounts. 

The rema ining spectra l colors not match ed by the 
above technique requir e the add ition of either one or 
two of the primary colors to the spectral color b efore a 
match to the remaining primaries is possibl e. The cho ice 
of the thr ee primaries is made on th e basis of ind epen­
dence; i.e., no primary can be matched by the addition 
of the two remaining primaries. 

12:0 1 GMT 

ORIENTATION OF BOTTOM EDGE OF TELEVISION PICTURE OF ECLIPSE 
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Fig. 1. Diagrams showing orientation of earth and position of sun, as seen from the moon 

on April 26, 1967, at 11 :24 and 12:01 GMT 
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A color space is ther efore trid imensional and may be 
represented by vector nomenclature. In Fig. 3, th e real 
primari es form ed from spectrum colors ar e bas e vector s 
R, G, and B. Each arbitrary color Q is then repr esent ed 
as a vector whose scalar magnitude is proportional to its 
lumin ance. Th e compon ents of Q on the base vectors 
R, G, and B are R, G, and B; they are called tristimulus 
valu es. If a plane now cuts th ese base vectors at some 
angle, the vectors of all visu al spectrum colors will trac e 
an intersectional locus shown by the hors eshoe- shaped 
curv e in Fig. 3. Examin ation of a real color vector in a 
portion of the int ersec tional cur ve will shovv that the 
compon ents are not all positive quantiti es, since the co­
ordinat es of thes e spectrum colors lie outsid e the triangl e 
formed by the thr ee primari es. 

. • .... 

Since color space is a math ematical concept, it may 
be treated by the rules of vector transformation. Three 
new base vectors X, Y, :rncl Z may then be formed by 
appropriat e transformation from the original three R, G, 
and B vectors. Although such a transformation may take 
any mathemati cal form , one parti cular transfomrntion 
was agr eed upon in 1931 by an int ernational body . It 
in this syst em of color measurem ent that is used in the 
Surveyor Ill dat a reduction. 

Th e two main objectiv es used in establishing this spe­
cific transformation were: 

(1) That th e compon ents (tristimulus valu es) of any 
real color vec tor on its bas e vector s X, Y, and Z 
alwa ys be positiv e quantities. 

Fig. 2 . Superimposed Surveyor Ill pictures (first and second 

series) showing distribution of light in refraction halo of 

earth (eighteen beads are identified by letters) 
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INTERSECT ION 

Fig. 3. Color space in vector notation 

(2) That the Y component only be proportional to the 
luminance or reflectance of the color . 

Thus, the determination of the tristimulus values X, Y, 
and Z of a given color specifies not only its color or 
chromaticity, but its luminance or reflectance as well. 

When the compon ents (tristimulus values) of each of 
the spectrum colors from an equa l-energy spectrum (all 
wavelengths possessing equa l radiant energy) are plotted 
at their corresponding wave lengths , the spectral response 
curves shown in Fig . 4 resu lt. In the limiting case, the 
three components comprise three functions lab eled x, ff, 
and z. These are often called color matching functions 
as they represent the quantities of the X, Y, and Z pri­
maries required to match a constant radiant energy at 
each spectral wavelength . If a detector possesses the 
spectral respons es corr esponding to tJ1ese color matching 
functions x, y, and z, then its signal will be proportional 
to the tristimulus values X, Y, and Z of the measured color. 

The Surveyor Ill camera was fitt ed with color filters to 
approximate the color matching functions x, y, and z. The 
filter selection consisted of choosing glasses matching 
the spectral response of the vidicon , lens, and mirror 
combination (Fig. 5) for the best fit to the color match ­
ing functions. The two physical limitations imposed on 
this fit were : (1) that the total glass thickn esses be lim­
ited to 3 mm and (2) that the minimum thickness of any 
element of the filter be 1 mm. 

A computer program using the method of Davies and 
Wyszecki (Ref. 2) is used to choose the glasses and then 
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obtain the best fit to the CIE functions. The first maxima 
of the x function is simulated by using a reduced valu e of 
the z function added to the remaining x function. This 
simulation is standard practice in colorimetry since 
double-peaked filters are difficult to obtain . The resultant 
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best fit to th e CIE function of the camera -filt er com­
binations are shown by th e dott ed curves in Fig . 4. In 
addition, a light dep osit of Inconel is app lied to two of 
th e thr ee filt ers in ord er to eq uate the camera signals 
wh en measuring a neut ra l gray und er sun light . 

B. Camera Measurement 

111e three camera signa ls as recorde d on th e ground 
do not aut oma tically yie ld th e tristimulus valu es. Th e 
d egree of fit to th e color m atchin g functions , as w ell as 
th e differenc es in th e camera signals , acco unts for this 
disparity. The tri stim11lus va lu es are related to the cam ­
era signals by the following eq uations: 

(l a) 

(lb ) 

(le) 

where R,., R11, and Tt are th e camera signals corrected 
for nonlinear respons e, and k,.,, krz, k1,, and k~ are pro­
portionality fac tors. Th ese factors ar e dete rmin ed exper i­
ment ally by meas urin g cam era signals derived from 
known color stimuli . Th e proportionalit y factors are th en 
calcu lated to minimi ze th e sum of th e squares of th e 
diff erences betwe en th e tru e and measured tristimulu s 
values. 

The Sm veyo r Ill cam era obs Prvecl a n ine filt er an d light 
sour ce combination st imulus durin g pr eflight ca libration. 
Th e proportionalit y factors thus d e t ermin ed were 
kJ, = 3.820, k,.2 = 1.5.412, ku = 19.590 , and k, = 12.34. 
A more comp lete exp lanati on of propor tionali ty factors 
and camera measur ement is found in Ref . 3. 

C. Colorimetric Accuracy 

Color mea sur em ents are often desc ribed b y coordi ­
nat es of th e int ersec tion al po in t in the unit plane of th e 
color vecto r. This unit plan e, ca lled th e chromat icity 
diagram beca use it in clud es only th e color and not th e 
lumin ance valu es, is shown in F ig. 3. The coo rdinat es 
are related to th e tristimulu s valu es by the equat ions 

X 
x =-- ---

X + Y +Z 

y 
y= 

X+Y+Z 
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(2a) 

(26 ) 

Around th e chroma ticit y of extra terrestria l sunlight 
(x = 0.318 and lJ = 0.330), the eye can detPct color 
differences of about ± 0.001 in x and y und er good 
observing condition s. The Surv eyor Ill camera yie ld ed 
proportiona lit y factors that enabled chromaticities near 
th e illumin ant color to be m pasured with an accuracy 
of +0. 006 in x and y. 

111e accuracy given above depends on thr ee main 
fac tors : 

(I ) 111e deg ree of fit to the CIE color matching 
fun ctions . 

(2) Th e lin ea rit y of th e camera to different lumin ance 
leve ls th rough eac h filt er. 

(3) Th e temp eratme and signal st ability of the overall 
camera system . 

Of th ese three effects, th e latt er two are th e most 
important. 

D uring pre fli ght calibration , th e camera observes a 
unifonn light source of spectra l radiance approx ima ting 
th e sun out sid e our atmosp h ere. This sour ce comp letely 
f ills th e camera field -of-view in th e narrow-ang le mode . 
Th e lumin ance of th e sourc e ma y h e vari ed cont inu ­
ously . Th e camera signa ls from such a source may be 
plotted aga inst th e source luminan ce to yield a light 
transfer ch aract eristic curve. \Vhen such calibratio n is 
repea ted for each color filt er in the camera, light tr ansfer 
chara cteristi cs res ult for th e ecl ipse im age ar ea, as shown 
in Fig. 6. Vi.dicon shadin g defin ed as variation in sensi­
tivit y across th e ima ge format, is also recorded with thi s 
source. As is seen in th e figure, th e filter tran smissions 
are not eq ual for a sourc e approx imating the sun . 

Th e nonlin ea r transf er chara cteristics g ivp rise to an 
int erest ing e ffect in th e chromaticity dia gra m. For ex­
amp le, in Fig . 6, if the ca mera signals through th e red 
and green filt ers are on th e sern ilin ea r portion of the 
trans fer ch ara cter isti c, but th e blu e is close to th e toe, 
th en th e unc ertainty in th e blu e sign al will b e reflected 
in its tri slimulus va lu e. Fu rth ermor e, if the chrom ntici­
ties de term ined from Eqs . (1) and (2) are calcu lat ed, 
keeping th e blu e R, and th e green R11 signals constnnt 
and allowing th e un cer tainty of the red Rr sign al to vary , 
th en a seri es of dots results on th e chroma ticity dia gra m. 
F igur e 7 shows th ese clots lying along lin e I that , if 
extend ed , int ersec ts th e encl of th e dia gram at x = 1.0 
an d y = 0.0 (the int ersectio n of th e X primary and th e 
chrom aticily diagram). Similarly , oth er lin es ar e formed 
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when either one or two of the thr ee camera signals are 
varied and th e other(s) h eld constant. Thus a star-like 
appearance occurs in th e di agra m and is very symptom­
atic of nonlin ea rity errors in th e resp ective camera sig­
nals. Such a diagr am was first seen in th e early reduction 
of th e Surveyor Ill eclips e frames. Th e cause of this 
erroneous data was not det ermin ed until after th e com­
pl etion of th e Surv eyor missions ; this cause will be ex­
pl ained in th e next section. 

IV. Data Reduction 

A. Frame Digitization 

The data redu ction of th e eclips e fram es involved 
digit al conv ersion of the ana log v ideo tap es. Th e video 
signa l was digitiz ed to six bits (0- 63). Th e transfer char­
acter istics shown in Fig. 6 were used to convert the digital 
values to eq uival ent luminan ces , and Eqs. (1) and (2) were 
th en used to comput e th e chromaticiti es. Th e image was 
brok en into 600 lin es by 684 element s. Th e great er wi dth 
of the fram e is a function of th e communications band­
width . Each pictme element ( ca lled a pixel) thus yield ed 
a chrorn at icity. The chromati citi es were th en plotted on 
th e diag ram and gave n resul t simil ar to Fi g. 7. The 
search for th e error was th en dir ected along oth er lines. 

B. Image Spread and Expected Image Size 

Dm ing th e Sur veyor progr am, it was suspected that 
image bl eed or spread of point images wou ld occur . This 
effect wa s observe d in ea rly tests usin g ste llar imag es. 
Th e magnitud e of this effec t was not measur ed, at any 
tim e, on th e actual flight vid .icons. It thu s remain ed the 
provin ce of po st-mi ssion analys is to quantitatively de­
scribe th e spread. 

A specia l test was devised using a rea r-illuminnt ecl slit 
an d an extra flight-t ype camera. Th e slit dim ensions 
were cho sen so that it s width subtended less than one­
third of a pictur e element und er id ea l conditio ns of 
image formation . Th e measurem ent of th e spread of this 
slit was thu s n combin at ion of the lens line spr ead fun c­
tion and a spr ead function associated with th e vidicon. 

Figure 8 shows wh at happ ens when th e lu minance 
behind th e slit is increase d. The imag e width is mea­
sured at one -tenth of its peak valu e. Compar ison with 
th e light transfer characteristic curve show s th at an 
image sprea d effec t begins to occ ur wh en the signal is 
85% of th e sa turation leve l. From th at point on th e 
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spread follows the equation 

x = -13 .61 + 5.05 (log L) 

where x is the numb er of pictur e elements and L is the 
source luminance. Examination of stellar images that 
have been comp uter process ed indi cate a slightly larger 
size than that given in Fig. 8. 

The expec ted image size of the illuminated portion 
of the eclipse is found from the astronomic al data. If the 
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effec tive optical atmosp here of the earth is 65 km in 
height , then the width of the image (atmo sphere thick­
ness) is less than one-third of a picture element for the 
solar eclipse. For the ear th , the image is only 50 elements 
in diam eter. It is there fore necessary to assume the con­
ditions of image spread. 

Cross sections of the first solar eclipse pictur e through 
the bright saturated cap and then through an area at 
approx imately 43.5 deg N latitud e is shown in Figs. 9 
and 10, resp ectively. Both sections of each figure are 
plotte d using un corrected raw video and the correspond­
ing equiva lent luminan ces. In Fig. 9, the center of the 
cap reaches saturati on . In F ig. 10, there still exists a 
spread of the imagf' even in the pres ence of a nonsatu­
ratecl vid eo signal. This ma y be caused by the light scat­
tering ·from lunar mat erial present on the camera mirror. 

In view of the unr esolved differences , it thu s appeared 
that the total video signal for an unr esolved image would 
be eq ual to the int egra l 

s = J L dx '.:::::'. ! L D.X 

where Land x have the same meaning as given previously. 
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correction for nonlinear transfer characteristics) 
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Fig. 10. Signal cross section at 43.5 deg N latitude (both before and after 

correction for nonlinear transfer characteristics) 

C. Results 

Using th e abov e assum ption , th e eclipse fr ames chro­
mati city coord inat es were comp ut ed for approxima tely 
every 10 deg in ear th la titud e. Th e result s, numbering 35, 
are given in Tabl e l ; co rresponding p oints are shown on 
th e chro mati city di agra m of Fig . 11. Two po in ts mark ed 
wit h crosses and lab eled G denot e the chromat icity mea ­
sur ements of bead G from th e sec ond series of ecl ipse 
pictures. Hemaining portions of th e imag e were suffi­
cientl y und erexpose d to cause larg e un cer ta inti es in the 
m easur ements. For comp ar ison , th e chrom aticity locus 
of a full radi ator , ra di ati ng in ac corda nce with Planck's 
law , is also plotted in F ig. 11. Four isotemp era tur e Jin.es 
a t 3000, 3500 , 4444, an d 5000 ° K are likew ise shown 
cros sing th e locus . The chrorn aticities in general are 
gro up ed close to th ese isote mp eratur e lin es. 

Th e location (in relation to latitud e) of the color mea­
sur ement s on a bla ck an d whit e frame is show n in Fig. 12. 
Th e promin ent bead G is also mark ed on this f igur e. 

The meas ur em ent·s of th e ea rth , as was pr eviousl y 
mention ed, were und erexpo sed in the clou d-free areas . 
Th e average chromati city of th e clouds is also plotted 

· in Fig. 11 and given in Tabl e 1. 
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V. Conclusions 

The colors of the ec lipse as measur ed by Suroeyor Ill 
show a fair degr ee of blu e att enu at ion as tJ1e sunli ght 
is refracted through th e at mo sphere. Calcu lations could 
be m ade to determin e th e expec ted chro m atic iti es assum ­
ing various aeroso ls, but this effo rt was consid ered 
be yond the scope of this p ap er. It is suffi cient to state 
th at th e colo r varia tions are undouht edly caus ed by th e 
degree of sca tt ering in th e cloudy vs clear ar eas , as 'Nell 
as p articulat e mat eri al in th e aerosols. The colors, espe ­
cially in th e clear areas of th e atmosp h ere, also increase 
in purit y as th e ang ul ar separation increases b etw een 
th ese ar eas and th e sun. This chang e is most apparen t 
in b ea d G.* 

The averag e ear th chromaticity, determin ed larg ely 
b y cloud cove r, agr ees we ll wit h th e chrom at icity of 
extrat errest rial sunlight . The clouds are thus fairly neu­
tral reflecto rs in th e visible spec b·al region . ~fost all land 
a reas were cloud cov ered at th e tim e of observation, and 
th e clear ocean areas w ere suffici en tly underexposed to 
rend er that data ina ccur a te. 

*No det ec tion of th e sob r corona was noted in the ec lips e frames. 
Exposu res fo r th e coro na, 1-2 eart h rnclii dist ant, wo uld ha ve ren­
dered th e refrnc tccl sunli gh t unm eas urabl e. 
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Tobie 1. Eclipse frames chromaticity coordinates 

Position X y Position X y Position 

1 0.386 0.411 1-4 0.36 1 0. 399 27 

2 0.408 0 .363 15 0.365 0.400 28 

3 0.385 0.360 16 0.353 0.425 29 

4 0.358 0.364 17 0 .343 0.416 30 

5 0.375 0.352 18 0 .359 0.417 31 

6 0.370 0 .354 19 0.352 0 .48 1 32 

7 0.356 0 .371 20 0.381 0.457 
33 

8 0.364 0.370 21 0 .361 0.440 
34 

9 0.351 0.379 22 0 .36 1 0.398 
35 

10 0 .354 0.385 23 0 .330 0.399 

11 0.344 0 .407 24 0.347 0.328 G' 

12 0 .352 0 .403 25 0.372 0 .327 G -
13 0.351 0 .404 26 0.391 0.374 EB" 

11Chromaticity meas ur ements of beod G. 

hAverage chromaticity of ear th clouds . 

Fig. 12. A frame through green filter of first series of eclipse 

pictures on April 24, 1967 , at 11 :23:01 GMT 

X y 

0 .378 0.-403 

0 .380 0.404 

0.399 0 .388 

0 .379 0 .398 

0.36 1 0 .356 

0 .388 0.332 

0 .403 0.354 

0.416 0.368 

0 .360 0.373 

0.429 0.460 

0.41-4 0.467 

0.325 0 .330 

174 JPl TECHNICAL REPORT 32-1443 



.. 

References 

1. Surv eyor III ·Mission Report: Part lI. Scientific Results, Technical Report 
32-1177. Jet Propu lsion Labora tor y, Pasadena, Ca lif., Jun e 1, 1967. 

2. Davies, W. E., and Wysz ecki, G., "Physica l Approx imatio n of Color-Mixtur e­
Functions," ]. Opt. Soc. Am ., Vol. 52, No . 6, pp. 679-685, Jun e 1962. 

3. Rennil son , J. J. , "A Television Colorimeter for Lu nar Exp lorati on," in Proce ed­
ings of the 8th Int ernat iona l Co lour Meeting, Lu ce rne, Swit ze rland . Cen tre 
cl' Information de la Cou leur, 23 Rue Notre-Dame-cles -Victoire, Paris, France, 
pp. 498-506, June 1965. 

JPL TECHNICAL REPORT 32-1443 
NASA - JPL - Com l., L.A. , CcHf . 

175 

John
Typewritten Text
Scanned and PDF created by the Space Imagery Center, Lunar and Planetary Laboratory
                                    University of Arizona, Tucson, AZ January 23, 2020.




