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5.3 THEMATIC MAPPER PERFORMANCE®
Jack Engle, Santa Barbara Research Corp

Just a brief cverview, if some of you aren't familiar with how the thematic
mapper primarily difrers from MSS. The spatial resclution " s the key improve-
ment where the TM has 30-meter resolution and the MSS has 30-meter resolution,
For the agricultural users, this should provide an abilitv to icc!rately clas-
sify 10-acre fields with the TM versus 70-acre fields wi.h the MSS data. As
far as spectiral resolution. there are six reflected light bands in the thema~
tic mapper. Two of those vands aure of basically a new spec*ral region out in
the the near IR, the shortwave IR region, 1.55 to 1.75 microns and 2.08 to
2.35 microns as opposed tc MSS's four reflected light bands. The other four
thematic mapper reflected light tands in the vicsible portion of the spectrum
are designated to enhance the classification capability. They are much more
ideally selected from a spectral standpoint, narrow spectral bands more opti-
mally selected to enhance classification accurscy. The TM also has better
signel-tc-noise ratio performance and radiometri. sensitivity, and in order tc
obtain that we have had to increase the size of the ~-ptics, basically a
16-inch telescope as opposed tc an 9-inch telescope in MSS. We've increased
the scz.: efficiency through the use of bidirectional scanning, whicn gives us
a scan efficiency of 85% versus 45% with the multispectral scanner, ana more
detectors per band, 16 versus 6., We also have greater encoding resolution in
our multiplexer, 8-bit resolution versus 6 bits for MSS.

One of the features that is of particular interest is the scan profile and the
registration capability. Certainly the scan profile is more linezr than was
obtained in the MSS, and for a large selection of the users, the imagery could
be used without resampling and I think satisfy many of the needs that I've
heard expressed today. As far as geometric accuracy or scan profile. a typi-
cal Landsat D M-S scan profile exhibits nonlinearities on the order of five
instantaneous fields of vies. Yor the MSS, with 80-meter resoluti-n, those
were on the order of 500-microradian nonlinearities in the scan profile,

The thematic mapper profile data, orn which, as I indicated, wz are still doing
some final refinements in the processing, i3 our me-zured forward scan pro-
file, as shown in Figure 1. You can see the peak non.inecarity in the scan has
a magnitude of about 30 microradians. The rms nonlinearity I believe is on
the order of 10 microradians. The reverse scan profile has a slightly differ-
ent shape (Figure 2). 1It's not quite as linear as the forwar, scan, but it's
well characterized. The peak nonlinearity in the reverse scan as measured in
our vacuum tests just prior to delivery was about 60 microradians. Each fig-
ure would have to be flipped end for end in order to see how they register in

object space. Note also that they are both plotted on a time scale ins.ead of
an object =pace scale.

As far as the overlap/underlap characteristics, Figure 3 summarizes the var.-
ous contributors to the overlap/underlap esfects within the system. We have
chosen tou optimize the scanning parameters at 712.5-km altitude and &an average
40° north latitude where most of tho scenes of interest appear to be lozated
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throughout the world. As the scanning parameters were optimized for that al-
titude and latitude, the resultart underlap and overlap of about 3.4 and -3.4
microradians occurs (Figure 4),

The bow-tie effect (Figure 4) is basically due to the path length over the
scan angle. From one end of the scan to the other this contributes an overlap
effect of about £.5 microradians at the end of scan. Scan mirror performance
has these contributions. Basically, within the prime focal pnlane, we have a
maximum cver/underlap cf about 7.3 microradians, and with the t»sw-tie effect
included we have a maximum overlap of about 11,1. For the cooled fcecal plane,
we have 7.9 with a maximum cverlap of 10.5. Our requirement is 8.5 microra-
dians neglecting the bow-tie effect so we're fairly well within our require-
ments. Basically, the altitude veriations globally sort of wash uut or cer-
tainly dominate the overlap/underlap performance on a global scale.

As far 23 band-to-band registration, we chose the band-to-band registration
between bands § and ba{ 1 which are the furthest separated bands within the
thematic mapper (Figures 5 and 6). The nominal band spacing is 146 instan-
taneous fields of view and the dynamic registration measured at 30 points in
the scan profile is as plotted with a typical, an average registration of
about 145,95, Our requirement is that the prime and cool focal planes be reg-
istered to within .3 of an instantaneous field of view and about ihe nominal
band separation. So we are well within our requirement on a dynamic registra-
tion basis between tue prime ard cooled focal planes. All the other spectral
bands, with respeci to band 1 are more closely registered.
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