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Determ:nataon of Martian Surface Reflectivity from 8.4 to l 1 Micron
: Using a Vidicon Spectrometer

by
Douglas John Mink

‘Submitted to the Department of Earth and Planetary Science
in partial fulfiliment of the requirements for the denree of
Master of Science on May 23, 1974

ABSTRACT

A new astronomical instrument, the vidicon spectrometer, is
being developed at the M.1.T. Planetary Astronomy Lahorator:y.
Based on the silicon diode vidicon system currently in use there,
a low dispersion prism is added betueen the vidicon image tube and
the telescope, allouwing digital vidicon photographs to he taken of
spectra. These spectra are stored on magnetic tape and computer
processed to create intensity vs. uavelength curves for stars and
planets. The high spatial resolution of the vidicon image tube,
combined with a higher spectral resolution than photometer filters
currently -in use at M.1.T. give this instrument potential in the
study of planetary surface composition from spectral reflectivity.
Procedures for reducing the vidicon images to spectra have  been
tested on a set of spectra of tuo stars and the planet tars. It
is concluded that the vidicon response is not |linear enough with
variations in exposure time at lou levels of incoming light for
consistent star spectra, althourgh it works well with Mars due to
the planet’s: larger intensity wuwhere the vidicon tube has its
poorest response. The spectrometer slit is so narron (one secand
of arc for this data)l that uvavelength-dependent variations in
refraction of light from a point source by the atmosphere caune
star spectra of variahle quality. Because of the lou cquality of
the star spectra, direct spectral reflectivity measurements (uhich
are obtained using Mars to star ratios) proved to be impossible,
Although further tests of the spectral and intensity response of
the silicon diode yidicon should be carried out in the laboratory
before good resulls can be guaranteed, the presont Mars spectra
'mag probably be wused in conjunction uith photometer-derived
reflectivity data to expand coverage of the surface of Mars.

Thesis Advisor: Thomas B. tcCord

Title: Associate Professdr of Planetary Physics
!
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I. Introduction

Although Mariner 8 has returned a vast quantity of
information about the plaﬁet Mars, little was learned about
surface composition. From such experiments ag fhe infrared
spectrometer, particle size and silica composition uere estimafed.
but these determinations had error bars so great as to be nearly
useless in reaching conclusions about the cpmposition of the
surface materials-of Mars., Until the Viking Lanaer in 1976, there
is mo way to physically look at a Martian rock With instruments.

Probably the most useful technique for remotely sensing
surface composition is reflectance spectroscopy. Dollfus (1961},
studying the polarization of light reflected by Mars ,’ conc luded
that limonite, a hydratdd iron oxide, was probably a major
constituent. Hovis (1965) observed absorption bands in the near-
infrared reflectivity of limonite and suggested that they would be
a diagnostic test for limonite on Mars. Ségan et al (1965)
compared absorption @ands they observed in laboratory specimens of
‘Iimonite to Dol)fus® - Martian albedo curves and concluded that a
surface. with at least some |imonite was not inconsistent with the
data. Adams (19G68) observed absorption bands between 8.5 and 2.5
microns in many iron-bearing minerals, the positions of which
varied significantly from mineral to mineral. These bands are
caused by electron transitions in iron ions and hy vibrational

o
bands in hydroxyl ions and water molecules. Adams suggests that
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the absprption feature observed in Tull's (1966) geometric albedo
curve is not inconsistent with a.hgdrated basalt composition. The
feature obseéved'at'one micron in their spectra {s not due to iron
in iron oxides, but to iron ions in silicates. Adams anrd McCord
(1969), wusing geometric albedoes obtained during the  10R7
opposition discovered that curves for the bright arras had
different shapes than those from the dark areas of the Martian
surface. They concluded that the surface was composed of a
‘combination of oxidized basalt and hydrated iron oxides. The
bright and dark areas were modelled as being composed of of the
same material in different degrees of oxidation. |
Hchfd and Nestéhal (1971, see also Hchrd. Elias, and
He;tphal. 1971) obserQed Mars during the 1363 opposition and noted
tﬁaf the iron ion absgrptions were in different places, indiéating
)cOmpositional dif ferences, Seven areas uere observed, four dark
and three bright, each being about five Martian longitudinal
degrees in diameter. ’ From this data, much compositional analysis
has been done (see Figure | for exanples of mineral reflectivities
compared to Harsf; however, from such a small sample,
generalizations about the rest of the surface cannot be made.
Despite over tuenty additional spots obtained during the 1973
opposition, such interesting features as the Coprates Cangon} and'
the Hellas basin remain uncovered; wuhat is needed is uhole disk
coverage at high spectral and spatial resolution, A neu

technique, vidicon spectroscopy, has been developed to abtain the
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Figure 1.

Comparison of Mars
dark area reflectivity

to reflectivity of sheet
silicates. Note resem-
blance to the clay mine-
rals, kaolinite and mont-
morillonite,

(Courtesy DrRobert
Huguenin)
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desired high resolution full-disk coverage. This thesis describes

that technique.
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. The Vidicon Spectroheter

The silicon diode array vidicon uas originai!g developed for
television and'picturephone use, hut because of its large dynamic
range, high quantum efficiency, and linear response, it is being
used by a growing number of astronomers as a digital replacement
for photographic plates. The only advantage a photographic plate
has over a vidicon is spatial resqlution; however, that is not‘ a
limiting factor aé thospheric conditions are the resolution-
limiting factor in astronomy. McCord and Westphal (19?2). Kunin
(1972), and McCord and Bosel (1973) have reported on the
development of a vidicon system for single-frame aStroﬁomical
photography at the Planetary Astronomy Laboratory of the
Massachusetts Institute of Technology (MITPAL). This system is
based on an RCA silicon vidicon tube wuwith a peak quéntum
efficiency of 85% at 8.5 microns, sloping off to about 6% at 1.1
microns (see Figure 2). Using filters this system has been
developed as a tuo-dimensional imaging photometer, using filter
sets similar to those wused with photometers for spectral
reflectivity work at MIT. As reported by McCord and Bosel, a
vidicon spectrometer which would give the spatial resolution of
the vidicon combined with a greater spectral resolution thanm such

a vidicoh photometer is under development.
The vidicon spectrometer is basically an optical system which
is attached to' the . front end of the vidicon system on the

telescope.  Schematically it consists of a lou-dispersion pricn
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Figure 2. Quantum efficiency of the RCA vidicon.
This is the percentage of incoming photons which
the diode array and affect it as opposed to being
reflected or passing through without being absorbed.
This graph was made by averaging the published
curve over 250 angstrom scgments.
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)
thréugh which " light from a slit situated at the focus of the
télascope is passed. The dispersed image of the slit is then
refocused onto the surface of the vfdicon diode array. Aln
practice this is done through a system of mirrors (see Figure 3
for details) ‘to avoid the infrared absorption of lenses.

The vidfcon tube consists of a 1024 by 1024 array of reverce
biased diodes. A photon impinging on the vidicon target results
in a decreass in charge in the diode it reaches. The imaée is
read out by scanning the diode array with an electron beam which
recharges the diodes as it hits them, producing a current
proportioﬁal to the amount of charge lost. By knouing vhere the
beam is at any given‘time. the intensity at each location in the

.diode array ‘can bg ‘known.  These intensity elements are then
passed on to be recorded and displayed (for fur ther details on the
electronics of a silicon vidicon see Crowell and Labuda (1963)).
The vidicon is read out as 258 rous of 256 image elements, each of
uhicﬁ corresponds physically to four diodes. In such a louer
resolution scan, less accurate positioning is required of the
electron bean, No data is lost, and the vidicon’s resolution is
still better than the atmosphere allous. The intensity image is
amplified; recorded on magnetic tape, and displayed on a slow scan
TV monitor. This image is then available for further computer
processing. The spectrometer system is diagrammed in Figure 4.

| A portion of 4a vidicon spectrometer image is presented in

Figure 5, The elements along the column correspond to spatial
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CAMERA
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Figure 3. Optics of the MITPAL vidicon spectrometer.
- The telescope is to the right,
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elements alohg the slit, MWavelength is along the abscissa. The
magnitude of each element is proportionai to the current froﬁ the
vidicon diodé array at the time a corresponding diode uas read hy
the scanning electron beam. The image is nouw ready to he turned

into a spectrum.
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Figure 5. A portion of one vidicon spectrometer image of Mars,

It runs from about 0. 64 in the leftmost column to 0, 84 in the rightmost.
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111. Image Processing

The first proéessing that must be done to the image is to
convert the " column coordinate into wavelength. This is done .

through the use of a calibration function:

)\.=)9+-——C——

S=-So+ S+ So)

_C_
A Ag)
So» s and C being. three constants determined from threce column
number-uavelength correspondences as fol lous:

T - +8) (S,+S
C= ,
(S2-5y9)

. %xa 250648,
So=-51% 1~A2) (53-S7) - (A3-Ag) (S2-5y)
y__C
MM EET)

These corresponcdences are obtained by observing the spectrometer
image of a calibration lamp uith knoun sharp emission lines (a~
showun in Figure é). From this calibratioﬁ, which is redone
periodically as data is taken, the uavelength-column relationship
_is knoun - (see Figdre 7 for an example). The resolution éiso
yaries as 3 function of uavelength, as would be expected (see
ngure 8 for a sample dispersion function plotted from the first
‘derivative of the calibration function),

Nou enough is known to process a spectral image. A program
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-
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]

Figure 7. Wavelength as a function of vidicon column
for a typical calibration function. The three
column (Sn)-wavelength (Ln) pairs used to
determine the function are given at the top.
Columr number is at the Ieft, wavelength at

right,
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has been uritten which runs as a subroutine under the Planetary
Astronomy Laboratory's image processing system (DIPSYS) which has
been set uplto provide a metastructure under which vidicon images
may be easily processed. A simplified diagram of this program
appears in Figure 3. The spectral image is read off the run tape
by DIPSYS and stored on a disk uhere it is available to the
spectral processing routine, uhich has three basic tasks. The
first and easiest is to punch out the intensities along one rou of
the imagé onto‘computer cards for input into é plotting routine
(this was how Figure 6 uas produced). Second, it can subtract the
average background from the image, column by column, uhere the
rous over which the background is to be averaged are read from the
input instrucfion cards. Last, and most important, the program
can produce a3 neu image in which ali of the elements have the- same
spectral resolution. For spectrai reflectivity work, where the
range of interest is 0.4 to 1.2 microns, a resolution of 250
angstroms, the best resolution at 1.2 microns, wnas chosen.
Figures 1@ and 11 shou the effects of this processing on an image
of the standard star Xi 2 Ceti. Portions of these images are then
integrated spatially along the slit. Due to atmospheric and
telescope optical effects, a star image 1is not a point; it is
smeared out spatialy into to a Gaussian distribution of intensity
which is at its maximum where the point source would be. To use
the full energy output of the star at a given waviength, the image

must be integrated across all rous where the image intensity is
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above the background. After this integration, the spectrum vector
is punchéd.GUt onto cards for plotting and further processing. A
more advanced version of this processor will iﬁcorporate the
 plotting, ratioing, and other functions into one DIPSYS subsysten, -
where only disk files uill be used.

The. final procedure needed for good spectral reflectivity
data of the surface of a planet is to knouw from uhat bart of the
surface the spectrum originates. A photograph is taken through
the eyepiece, logking at the slit in a mirror tilted 45 degrees to
the optical axis of the telescope (the first surface in Figure 2).
A similar logging arrangement is used for photometer data. A
plotting program has been uritten to create Calcomp plots of the
coordinate grfd of Mars (or any other planet) projected onto a
disk using the physical ephemeris of the planet from The American
Ephemeris aqd Nautical Almanac and the tiﬁe 6f observation in
Universal Time. Figure 12 is a block diagram of the program,
uhile Figure 13 is a typical, although smaller than normal,
output. To position the spectrometer slit on the dicsk of .the
planet, the negative of the photograph of the telescope image is
projected onto the grid, and the siit marked by hand. At this
point the original vidicon images have been reduced to constant
resolution spectra of stars and knoun positions on Mars; and
‘reduction to spectral reflectivity data, as well as testing, can

begin.
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IV. Analysis of Data

" The first major attempt to use the vidicon spectrometer to
fake spectfa for reflectivity work occurred qPring the opposition
of Mars during October, 1973. On two consecutive nights the Mauna
Kea eighty-inch reflector was trained on the planet Mars, and
about 75 spectra were taken, as well as an equal number of spectra
of the standard stars Alpha Lyra and Xi 2 Ceti. Xi 2 Ceti was
chosen beéause it was near Mars in the sky, while Alpha Lyra bas a
spectrum which is well known and 35 used to calcu!ate'planet/sun
ratios to get reflectivity, Figure 14 demonstrates the reduction
methods used to get spectral reflectivities from rau intensity
spectra. To avoid airmass reductions, spectra of Alpha Lyra and
Xi 2 Ceti were taken when the tuwo stars uwere at -the same airmacs,
1.38. Since star/star ratios exhibit lit{le variation nith lou
airmass changes, the ratio of the tuo stars obtained from these
spectra can also be wused to reduce reflectivities at other
alrmasses. Before any data uwas reduced to ‘refﬁecfivition.
extensive testing uwas done to seec whether the data would be
usable. This portion of the thesis will describe that uork, usineg
the best results obtained to date. |

Figure 15 shous @ high resolution spectrum of Alpha Lyra
which has been averaged over 258 angstrom segments to simulate the
spectrometer output. Figure 16 is an Alpha Lyra spectrum from the

vidicon spectrometer from which the vidicon response has bern
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Figure 14. Production of spectral reflectivity from
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the same air mass.
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removed. Note that the peak is shifted to a slightly longer
wavelength and that the shape is generally broader to about 8.7
microns. To test the repeatability of the data, pairs of spectra
of the same star were ratioed to each other. Results of one such
pair are shoun in Figure 17 (all ratios plotted are normalized to
1.0 at 8.575 microns). Figure 17a is the ratio of tuwo Alpha Lyra
spectra with similar airmasses (1.40/1.38), but different exposure
times (Ssec/lsec). [ f the response of the system uere perfectly
linear, thaf is, if intensity recorded from a given source is a
{inear function of the integration (exposure) time, the curve
uwould be flat., [t is obvious that it is not; however, the
relatively *Iat region corresponds uith the péak intensities of
the spectra, so it may be that lou level signals are nonlinear
}epresentations of the intensity received from the ;tar. To test
this idea, a 'pedestal’ was set up under the spectrum.,  All
inteﬁsitieé below a certain value would be ignored, and possibly,
the nonlinear features of the curve would go auay. Figures 17b
and 17c show the results of installing pedestals of 308 and 4880,
respectively (the maximum intensity registerable is 4835), a
pedestal of 380 seems to help from 8.5 to 8.8 microns, but a
larger pedestal doesn’t help at all. Figure 18 shous a similar
ratio for tuo Xi 2 Ceti spectra nith slightly different airmas«es
(1.6771.32) and different exposure times (208sec/15sec). Once
again the curve is relatively flat over the peak in incoming

energy, this time from almost 8.4 to 8.8 microns. (Figure 13 is a



page 32

0,85
+
+
+
+
+
+
+
+
+

INTENSITY
+

0.63
+

0.80 1.00

8
.20 0.40 0.80
NAVELENGTH IN MICRONS

SALYRBE / SALYR83

Figure 17a. Ratio of two aLyra spectra, all elements
above background included.
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Figurc 17b. Ratio of samc two al.yra spectra,
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Figure 17c. Ratio of same two « Lyra spectra,
this time including no elements less than 460.
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‘typical Xi 2 Ceti spectrum].. this time, houever, there is 2
smooth upturn which has some undetermined significance. Thus,
star ratibs seem to be usable, at best, fromv0.4 to 8.8 microns.
Now that there is some idea as to the reliability range of
the spectrometer, indefinite though it may be, the Mars spectra
can be observed. Figure 20 is a typical Mars spectrum, summed
over five vidicon elements doun the slit. Note that the peak is
in the red, rather than the blue |ike the tuwo stars’' spectra.
This is because the stars are both of spectral type AQ, uhile the
sun, wuhich is providing the light uwhich is reflected from Mars is
avcoolér. redder type G. Figure 21 shous a saturated spectrum of
Mars. 'The peak intensity of 4035 is surpassed from 8.5 to 1.0
microns, although around 1.1 microns, the signal is unsaturated.
Originally it was thought that the unsaturated portions of a
saturated spectrum could be used to extend the range of an
unsaturated spectrum which had a very lou signal beyond 1.1
microns. The data show, unluckily, that there is little or no
overlap betueen the good signal from one and the good signal from
the other type of spectrum. Once again, an attémpt was hade to do
auay wuwith lou, nonlinear signals with a pedestal. Figures
22a,b,and ¢ shou the progressive changes as pedestals of 388 and
488 are subtracted from the original spectrum. Ratios of Mars
images seem to be more consistent than those of star images.
Figures 23a,b,and c and 26a,b,and c are the results of r&tioing

different ‘images of Mars to each other. The three images used
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Figure 21. An overexposed spectrum of Mars.
Arrows indicate intensities reading greater
than 4095 in at least one element of the image
which went into the resolution element.
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Figure 22b. Mars spectrum with pedestal of 300.



page 42

196.28  232.83
-’-
+

%10 ®

139.70

INTENSITY
83.i3
+

+ +

8 +

[} e 2 4 A & A 4
oy ;v ¥ L2
.

Q.20 o U.80 U.80
ARVELENGTH IN MICRONS

SMARSCL—1 INTEG.

Figurc 22c. The same Mars spectrum with a pedestal
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uere faken within 15 minutes of each other. The same portion of
the imagé was used in each case. Each is a one minute exposure.
Note the flat curve from 8.5 to 1.1 micron, indicating better
repeatability than for the stars, possibly due to more signal
above a nonlinear level. As the pedestal is increased, some of
the apparentiy good data is lost, but the noise is gone by the
time a pedestal of 480 is used (¢c). The NaEs spectra are probably

recoverable.
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Figure 23b. Ratio of two Mars spectra, each of which
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§
V. Recommendations for Future Use of the Vidicon Spectrometer

Although it appears that it uill be impossible to do spectral
reflectivity work wusing the vidicon spectrometer due to an
inability to meaningfully ratio stars and planets over a useful
range, the instrument has advantages which will make it uorth@hile
to develop it. The combination of good spectral resolution (258
angstroms or better, compared to 388 angstroms for a filter
photometer), uith complete spectral coverage and high spatial
resoiution indicate much promise. It appears that the limiting
factor ui}l be the response function of the vidicon tube, with its
nonlinearities in wavelength and intensity. Once more lab work is
done to quantify knouledge about this problem, the instrument will
he re§dg to gather more data. Another problem which may affect
the star spectra is the problem of differential diffréction of the
star’'s ifght,bg the earth’s atmosphere. gifferent uavelengths,
diffracted at slightiy different angles would show up at different
‘pésitions'in the smeared out star spectrum, and if the slit is
smaller than the apparent diameter of the star, part of the star '«
spectrum would be lost, in a uavelength-preferential manner. - The
solution is to widen the slit; although the spectral resolution
at the vidicon would be reduced, the spectrum uould be much mo e
reliable. But what about the Mars data from Mauna Kea? UWith the
high spatial resolution and apparent good response of the vidicon,

something should be recoverable. The planet in the slit occupies
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up to 35 elements in a vidicon column when it is about 23 arc
seconds in diameter, and the slit is tuwo elements wide, so, with
good seeing of 1.5 seconds or less, there are fifteen spectra per
spectrometer image. Luckily, the slit passes over some photometer
spots that were taken within days of thé vidicon spectrometer run,
aliowing relative reflectivities to be ’obtained. basically
extending the photometer data for more complete surface coverage.
For example, Figure 25 shous the position of the slit on the
planet’s disk during one run. This one slit passes through the
Coprates canyon as well as a large dust storm to the southuest of
Coprates. Using a photometer spot as a standard and modifying
resolution to match the photometer, some interesting data should

be forthcoming.
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Figure 25, quition of one set of spectra across the
disk of Mars. Latitude and longitude of
the sub-earth point, S, -given.
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