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ABSTRAC:T: Analyses of the characteristics of Landsat Thematic Mapper (TM) image data are 
described, and results are summarized. Emphasis is placed on radiometric characterization, 
development of response models, and on conlparisons between data from Landsats 4 and 5. 
In general, the data quality was excellent; however, some ano~nalies were found. Three main 
topics are (a) systematic within-scan-line signal droop/rise, (b) random scan-correlated level 
shifts, and (c) radiometric (signal amplitude) relationships between Landsat-4 and Landsat- 
5. The systematic drooplrise effect was found in data from both Landsats 4 and 5. Daytime 
signals droop across the scan line while nighttime signals in the reflective bands rise across 
the scan line. The magnitude of the drooplrise appears to be a function of the signal mag- 
nitude and average value of the signal throughout a scan cycle. Scan-correlated level-shift 
noise also was observed in data from both sensors, but with different patterns. Low-ampli- 
tude, low-frequency coherent noise effects also were measured. The analysis of simulta- 
neously acquired Landsat-4 and Landsat-5 TM data permitted a direct empirical comparison 
of the relative radiometric responses of their respective spectral bands. Relationships be- 
tween their respective signal values were developed, and sensor dynamic range consider- 
ations are discussed. It was determined that lnultiplicative factors ranging from 0.987 to 
1.145 were required to convert the signal counts from Landsat-4 TM spectral bands to 
corresponding Landsat-5 equivalent signals. Radiance values exhibited corresponding differ- 
ences, pointing to residual errors in radiometric calibration. Low-level clipping was evident 
in the radiolnetrically corrected Landsat-5 bands 5 and 7 data. The temperature range cov- 
ered by the full 8-bit data range of TIPS-processed TM band 6 data was found to be ap- 
proxi~nately 200°K to 34OoK, not 260°K to 320°K as specified. 

INTRODUCTION 

S INCE THE LAUNCH of Landsat-4 in July 1982, nu- 
merous studies of the  quality of Thematic 

Mapper (TM) image data have been performed 
under the auspices of the National Aeronautics and 
Space Administration's (NASA's) Landsat Image 
Data Quality Analysis (LIDQA) Program. As part of 
this program, we have performed engineering anal- 
yses ofThematic Mapper image data with our efforts 
concentrated on radiometric characterization of the 
sensor. In general, we have found the data quality 
to be excellent. However, anomalies do exist in the 
data from both Landsat-4 and Landsat-5 TM. The 
analyses of Landsat-4 TM image data were previ- 
ously described in detail by the authors (Metzler 
and Malila, 198313; Malila et al . ,  1984; Metzler and 
Malila, 1983a) and are summarized below. This 
paper concentrates on recent analyses of Landsat-5 
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TM data and comparisons of the radiometry of the 
two sensors. Specific topics covered are (a) within- 
line droop, a phenomenon whereby the signal levels 
of the sensor change systematically during the active 
scan; (b) scan-correlated level shifts, an effect which 
raises or lowers the signal level of all pixels in a scan 
line or set  of scan lines; and (c) comparison of 
Landsat-4 and Landsat-5 radiometric corrections. 
Other analyses of TM data anomalies may be found 
elsewhere in this issue (e.g., Kieffer et al.,  1985). 

Earlier examination of Landsat-4 TM average 
scan lines indicated significant differences in the sig- 
nals returned froin the western edge of a scene com- 
pared to those observed at the eastern edge of the 
same scene. This effect was most apparent in the 
shortest wavelength spectral band (band I), and was 
observed in all the spectral bands to some extent. 
A combination of bidirectional reflectance, atmo- 
spheric, and shadowing effects, as well as sun-view 
angle geometry can explain the effect observed. 
More careful examination of the average scan data, 
however, revealed a confounding effect due to dif- 
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I FIG. 1. Landsat-4 and Landsat-5 TM nighttime within-scan rise effect-band 1. 

ferent sensor response characteristics related to the SCAN-CORRELATED LEVEL SHIFTS 
direction of scan in bands 1 through 4. The scan- 
direction difference took the form of a droop in In Landsat-4 TM data, an effect was analyzed 
signal with time during active scan, which appeared which changed the signal of all salnples within a 
as a signal decrease with increasing pixel nunlber scan-line or group of scan-lines by up to 2.0 video 
for forward scans, and a signal increase with in- quantum levels (DN). The changes were aperiodic, 
creasing pixel number for reverse scans. This effect occurring at randoln intervals with the level shifting 
was found in nighttime reflective-band data as well, during mirror turn-around time. All affected detec- 
but taking the form of a signal rise with time instead tors shifted levels at the same time, with the level 
of a droop. shifts following one of two patterns (most detectors 

I1 
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FIG. 2. Example nighttime reverse scan signal levels-band 1. 

exhibited both patterns, but one was dominant). 
One pattern was exemplified by band 1 detector 4 
with a peak-to-peak amplitude of 2.0 DN, the other 
by band 7 detector 7. These two patterns were la- 
beled 'form #1' and 'form #2', respectively (later 
labeled 'type 4-1' and 'type 4-7', respectively, by 
Barker (1984)). 

METHODS 

All analyses to characterize the radiometry of the 
sensors were perforined on digital computer com- 
patible tape (CCT) data. Several types of CCT data 
were used, representing various stages of ground 
processing as well as calibration data. The analyses 
described in this paper generally were performed 
on full-frame TM image data, both to characterize 
full-frame effects and to take advantage of the large 
data volume (approximately 37 million pixels per 

band per frame) to improve the quality of the sta- 
tistics generated. 

Two primary methods were used to average the 
full-frame image data. In one case, to examine scan- 
angle effects, average scan lines were computed by 
averaging the colu~nns of pixels down the entire 
frame. To analyze scan-direction effects, these av- 
erage scan lines were stratified by scan direction, 
with the forward and reverse scan data being treated 
separately. The other type of averaging involved 
computing down-track profiles by averaging the 
rows of pixels across the entire frame, thereby corn- 
puting an average signal value for each scan line. 
Each of these analyses was performed separately for 
each band and each detector of the sensors. 

Earlier investigations by the authors (Malila et 
al., 1984) demonstrated the value of using reflec- 
tive-band (bands 1-5 and 7) TM data collected at 
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FIG. 3. Calibration lamp sequencing for band 1. 

night for analysis of sensor data anomalies. The 
sensor sensitivities are such that no scene radiance 
is recorded, so any variations in the data are due to 
sensor noise effects. We again made extensive use 
of nighttime data in the analyses described herein, 
processing the data using the techniques described 
above. 

Two techniques were employed to compare the 
radiometry of the Thematic Mappers on Landsat-4 
and on Landsat-5, using a special data set which was 
collected siinultaneously with both sensors. The 
first technique involved selecting a subimage of 
3,564,000 pixels (1980 lines by 1800 pixels) from the 
Landsat-5 image and spatially registering it to the 

Landsat-4 TM image data. This registration was per- 
formed to subpixel accuracy using 50 control points 
and nearest neighbor resampling. The data in each 
subimage were averaged using 5 x 5 pixel cells to 
reduce any misregistration effects and to reduce the 
data volume while still retaining the data diversity. 
Linear regressions were performed with data from 
the two averaged images. Multiplicative and addi- 
tive factors were computed for each band which can 
be used to relate the signals from one sensor to 
those expected from the other sensor for the same 
input radiance. 

For the second comparison, histograms were 
computed for the subimages described above, and 



LANDSAT-4 VS. LANDSAT-5 

Cal Sta te  000 

Cal S ta te  001 

Band 1 Forward Scans Band 1 Forward Scans 
Scene 40037-02243 Scene 40037-02243 

2 40 2 40 

2 35 2 35 - - 
0 0 
C C 
IS, . - IS, .- 
m m 
K K 
0 0 
a, a, 

230 230  

2 25 2 25 
0 1000 2000 3000 4000 5000 6000 

Pixel Number Pixel Number 

FIG. 4a. Nighttime forward scan signal rise for scans FIG. 4b. Nighttime forward scan signal rise for scans 
preceeded by calibration lamp state 000. preceeded by calibration lamp state 001. 
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FIG. 4c. Nighttime forward scan signal rise for scans 
preceeded by calibration lamp state 010. 
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FIG. 4d. Nighttime forward scan signal rise for scans 
preceeded by calibration lamp state 01 1. 

a histograin matching technique was employed to standard deviations (Barker et al.,  1983), a proce- 
compute n~ultiplicative and additive coefficients for dure based on matching the cumulative distribution 
relating data from one sensor to that of the other, functions of the two data sets was employed. This 
Unlike the histogram matching procedure used in technique is believed to have some advantages in 
TM ground processing which equalizes means and inaking better use of the full range and distribution 
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FIG. 4e. Nighttime forward scan signal rise for scans FIG. 4f. Nighttime forward scan signal rise for scans 
preceeded by calibration lamp state 100. preceeded by calibration lamp state 101. 
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of data values in the histogram. Additionally, the perimetertarea ratio, effects of slight Inisregistration 
histogram matching approach has much less strin- would be minimal. The curnulative distribution 
gent registration requirements than pixel or region function gives percentage of observations having 
matching approaches. For a region with a very small signal values less than or equal to the designated 
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FIG. 5. Relationship of magnitude of signal rise and dif- 
ference between scan-cycle mean and scene mean. 

signal value. Interpolations were made to obtain the 
signal values corresponding to integer percentage 
values. Excluding end points, a regression of the 
corresponding percentile signal levels from the two 
sensors provided the desired correction coefficients. 

RESULTS 

The single nighttime Landsat-5 TM scene (ID 5- 
0052-02182, Harrisburg, PA) available to us was 
used to quantify the within-scan drooplrise effect in 
Landsat-5 TM data. The average nighttime scan 
lines for band 4 of Landsat-5 TM are illustrated in 
Figure 1, along with data from Landsat-4 TM for 
comparison. Both forward and reverse scans are 
shown. The y-axes all have the same scale, i.e., 0.1 
DN full scale, to facilitate comparison between sen- 
sors. Note that for reverse scans, pixel position 6000 
is sampled prior to pixel position 1. Therefore, the 
effect is seen to be a signal rise with increasing time 
for both forward and reverse scans. In general, the 
within-scan rise has the same ~nagnitude and time 
constant for the same band in each sensor. Magni- 
tudes are greater in daytime data and the signals 
droop with increasing time, as will be discussed 
later. 

Band 1 displays the greatest effect, with the mean 
reverse-scan signal increasing approximately 0.1 
DN during the active scan. A simplified exponential 
decay model was fitted to the data for each of bands 
1 through 4. For these bands, the time constant 

(time for magnitude of effect to decay to l l e  of 
original value) which produced the best fit ranged 
from 900 to 1100 pixel sample times, (approxi- 
mately 9-10 milliseconds) for both Landsat-4 and 
Landsat-5 TM. 

The mathematical model used is expressed by the 
equation: 

Where: 
S (p) = signal returned by sensor for pixel p 

So = signal for p equal to infinity 
B = magnitude of total drooplrise 
T = time (pixels) required for signal to 

change by 63% of B 
p = pixel number, with count starting with 

first irnage pixel (west-most for forward 
scans, east-most for reverse daytime 
scans). 

Since the magnitude and time constant of the 
nighttime within-scan rise are essentially identical 
for Landsat-4 and Landsat-5, we would expect the 
daytime droop effects to be similar also. During day- 
time data acquisition when signal levels were much 
higher, we observed in Landsat-4 TM data a cor- 
responding increase in the magnitude of the droop 
effect. In a daytime band 1 scene (ID 4-0049-16262) 
which had a scene mean of 61.9 DN, the magnitude 
of the droop was observed to be approximately 
minus 1.5 DN, with a time constant equivalent to 
approximately 900 pixels. At night, the magnitude 
of the rise was c0.15 DN, still with a time constant 
of 900 pixels for band 1. The rnean scene level at 
night was 2.3 DN. Although qualitatively the day- 
time Landsat-5 effect appears similar to the daytime 
Landsat-4 effect, quantification of this effect in day- 
time Landsat-5 TM data awaits analysis of an appro- 
priate scene in which variations in scene radiance 
have a relatively uniform spatial distribution. 

The drool>/rise effect was analyzed further to es- 
tablish a hypothesis for its cause and a model for its 
description and potential use in correction. While 
the ~nagnitude of the effect does not appear to be 
strictly proportional to the scene mean, it does ap- 
pear as if the droop or rise is a drift toward the scan- 
cycle mean signal of the scene which also includes 
the signal values produced during shutter obscura- 
tion, calibration pulse, and DC restoration. This 
scan-cycle mean would be lower than the scene 
rnean during the daytime due to the addition of the 
data acquired during shutter obscuration, and 
would be greater than the scene mean during night- 
time data acquisition, where the scene itself is ef- 
fectively a continuation of the shutter obscuration, 
and the calibration pulses drive the scan-cycle mean 
to a level slightly higher than the scene mean (see 
Figure 2). The hypothesis is that a-c coupling exists 
between the detector output and the analog-to-dig- 
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TABLE 1 .  MAGNITUDE AND PHASE OF LEVEL-SHIFT NOISE IN LANDSAT-4 SCENE 4-0161-02481 

Separation of 
States 

Amplitude* (#S.D.) 

Band Det Form 1 Form 2 Form 1 Form 2 

Separation of 
States 

Amplitude* (#S. lI . )  

Band IIet Form 1 Form 2 For111 1 Form 2 

I ' Negatlve amplitudes lndlcate level sh~fts w~th phase shlfts of 180" relatlve to BID4 (Form 1) or B7D7 (Form 2) 

ital converter, producing a signal decay proportional inented based on the calibration lamp state ob- 
to the departure froin the scan-cycle mean. served by the seilsors prior to each scan. As illus- 

To test this hypothesis, a scene of nighttime trated in Figure 3, the internal calibration lainps 
Landsat-4 TM data (scene 4-0037-02243) was seg- sequence through the eight possible states, re- 
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FIG. 6. Level shifts for Landsat-5 TM band 3 nighttime data. 

maining in each state for approximately 40 scans (20 
fonvardlreverse scan cycles). During nighttime re- 
flective-band data collection, the signal pulses re- 
sulting from viewing these calibration lamps at the 
end of each scan are the only signals available to 
shift the scan-cycle mean from the scene mean. All 
scans with lamp state 000 (110 lamps on) were 
grouped into one subimage, and seven other sub- 
images were created for the other seven lamp states 
(001, 010, 011, 100, 101, 110, and 111, where each 
binary digit represents the state of one of the three 
calibration lamps). Average scan-lines were com- 
puted for each of these subimages, then smoothed 
and displayed as plots of mean signal level versus 
pixel position (see Figures 4a-4h). Qualitatively one 

can see that the effect is greatest when the calibra- 
tion pulse adds the rnost to the scan-cycle mean 
(state 111, all lamps on), and is nonexistent in the 
case of no calibration pulse (scan-cycle mean equal 
to scene mean). 

Quantitative support for the hypothesis of drift 
toward a scan-cycle mean was derived from data on 
the calibration tape (CCT-ADDS) associated with 
the image data. From the CCT-ADDS, the magni- 
tude of the calibration pulse for each scan line could 
be computed, which in turn allowed calculation of 
the scan-cycle lnean for each scan. The rise for each 
scan was computed and plotted against the differ- 
ence between scan-cycle mean and scene mean as 
illustrated in Figure 5. Regression analysis indicated 
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TABLE 2. MAGNITUDE AND PHASE OF LEVEL-SHIFT NOISE IN LANDSAT-5 SCENE 5-0052-02182 

Separation of Stater Selxiration of State5 
Band Det Amplitude* (Number of Std. Dev.) Band Ilet Amplitt~de* (Nu~nl)er of Std. Ilev.) 

1 1 0.036 0.9 4 1 0.285 11.0 
1 2 -0.229 6.4 4 2 0.150 5.5 
1 3 0.061 1.7 4 3 0.149 5.0 
1 4 - 0.184 4.2 4 4 0.205 8.4 
1 5 0.044 1.3 4 5 0.044 3.3 
1 6 - 0.249 6.3 4 6 0.045 2.5 
1 7 0.113 3.4 4 7 0.025 3.1 
1 8 - 0.208 5.2 4 8 0.016 0.6 
1 9 0.042 1.3 4 9 0.078 2.8 
1 10 - 0.303 9.3 4 10 0.004 0.3 
1 11 0.068 2.3 4 11 0.106 3.8 
1 12 -0.216 5.4 4 12 0.016 0.7 
1 13 -0.010 0.3 4 13 0.138 4.4 
1 14 -0.307 8.5 4 14 0.081 2.2 
1 15 0.001 0.0 4 15 0.085 3.0 
1 16 - 0.266 7.6 4 16 0.015 0.5 

2 1 0.523 16.3 5 1 0.135 6.8 
2 2 0.084 4.6 5 2 0.006 0.4 
2 3 0.239 11.5 5 3 0.190 13.6 
2 4 -0.009 1.1 5 4 -0.023 1.7 
2 5 0.178 10.5 5 5 - 0.067 4.5 
2 6 0.070 7.2 5 6 - 0.128 9.3 
2 7 0.157 8.7 5 7 0.008 0.6 
2 8 0.065 7.3 5 8 -0.115 9.0 
2 9 0.079 8.2 5 9 0.056 4.3 
2 10 0.012 2.4 5 10 0.019 0.5 
2 11 0.086 6.9 5 11 0.100 7.4 
2 12 0.016 2.3 5 12 - 0.129 6.9 
2 13 0.177 9.5 5 13 0.022 1.7 
2 14 0.075 8.4 5 14 -0.074 5.0 
2 15 0.159 10.1 5 15 - 0.088 7.4 
2 16 0.263 12.6 5 16 - 0.137 9.7 

3 1 0.470 14.1 7 1 0.019 1.1 
3 2 0 196 8.1 7 2 - 0.013 0.8 
3 3 0.437 14.3 7 3 - 0.050 3.1 
3 4 0.389 13.9 7 4 -0.110 6.8 
3 5 0.317 8.2 7 5 0.001 0.1 
3 6 0.340 12.0 7 6 -0.095 6.6 
3 7 0.286 7.8 7 7 0.146 8.9 
3 8 0.141 8.5 7 8 - 0.159 10.2 
3 9 0.326 10.5 7 9 0.161 11.7 
3 10 0.250 9.4 7 10 - 0.156 9.4 
3 11 0.371 12.9 7 11 0.107 7.0 
3 12 0.351 11.8 7 12 - 0.060 4.1 
3 13 0.318 12.8 7 13 0.032 2.3 
3 14 0.237 7.7 7 14 - 0.038 2.1 
3 15 0.321 12.6 7 15 0.022 1.6 
3 16 0.257 11.8 7 16 -0.116 8.0 

' Negatlve ampl~tudes lndlcate level sh~fts w~ th  phase shlfts of 180" relatlve to band 3 detectors 

an excellent fit (R2 of 0.99), which strongly supports ]nay be extended to both scan directions of bands 1 
the hypothesis, indicating that the parameter B in through 4 of both Landsat-4 and Landsat-5 The- 
the model expressed above is a function of the dif- matic Mappers with a high degree of confidence. 
ference between the scan-cycle mean and the scene This drooplrise effect has been observed for the 
mean. Although this analysis was performed only primary focal plane bands only. For both Landsats, 
for forward scans of band 1 of one Landsat-4 TM bands 5 and 7 show essentially no change in mean 
image, experience to date indicates that the result signal level within the scan line, with perhaps a 
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FIG. 7. Landsat-4 and LandsatQ TM band 7 histograms for coincident regions. 

slight change in the opposite direction to that seen within-scan effects in band 6 is made more difficult 
in bands 1 through 4. Band 6 mean signal levels by the absence of any constant scene data compa- 
have been observed to change within scan lines in rable to the nighttime data in the reflective bands. 
a variety of patterns. Detailed analysis of potential Even a completely uniform ground scene would 
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FIG. 8. Landsat-4 and Landsat-5 TM band 5 histograms for coincident regions. 

have varying atmospheric effects in different parts 
of the scene. 

This droop effect should not cause serious prob- 
lems for most users. However, it can confound at- 
teinpts to extend signatures froin one side of a scene 
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terms of computation time. It is our understanding 
that NASA and NOAA will leave it to the individual 
users to determine the importance of correcting for 
this effect and actually performing the correction. 

Also apparent in Figures 4a-4h are oscillations 
superimposed on the rise effect. These oscillations 
are coherent noise found in all reflective bands of 
both Landsat-4 and Landsat-5. Although quite ob- 
vious in these plots derived from nighttime data, 
the peak-to-peak amplitudes are quite small (<0.75 
DN in unfiltered data, <0.05 DN in these smoothed 
plots) and have not been observed in daytime data. 
The cause of this approximately 400 Hz (262-264 
pixel period) noise is undetermined. 

In the Landsat-4 TM data we have examined, 
type 4-7 scan-correlated level shifts are always 
present, and the signals often shift states with a reg- 
ular period. Scan-correlated shifts of type 4-1 are 
present in most, but not all data, and the type 4-1 
pattern tends to remain in one state or the other for 
several scans of the scan mirror. The peak-to-peak 
amplitude for each affected detector for each form 
of the shift is essentially constant in all cases where 
that form of the noise exists. The phase relationships 
between the affected detectors also remain constant 
in all images (i.e., band 7 detector 7 is always in its 
high type 4-7 state when band 5 detector 8 is in its 
low type 4-7 state). Figure 14 of Malila et al. (1984) 
illustrated both patterns of level shift for the 16 band 
1 detectors of Landsat-4 TM for a night scene. Hel- 
ative magnitudes and phases are readily apparent 
from the illustrations. Table 1 provides the quanti- 
tative results, giving the magnitude and phase of 
each level-shift pattern for the 96 Landsat-4 TM re- 
flective-band detectors. 

Initial analyses of Landsat-5 TM data indicated a 
similar effect, but with only one pattern (Malila and 
Metzler, 1984; Barker 1984). We examined night- 
time reflective-band data to provide quantification 
of the inagnitude and phase relationships of the ef- 

fect. Figure 6 illustrates the level shifts for band 3 
of Landsat-5 TM, the band most affected by this 
noise. The plots were produced by computing the 
mean signal level for each scan for each detector of 
each band and by plotting these scan-line means 
versus the scan number. In these plots, the max- 
imum peak-to-peak amplitude is approximately 0.5 
DN. Table 2 contains the quantitative results for the 
reflective-band detectors of the Landsat-5 TM. It 
can be seen that nearly all detectors are affected, 
although the magnitude is very low (c0.1 DN) for 
many. Band 3 shows the greatest effect although 
band 2 detector 1 is the single most affected de- 
tector with a level shift >0.5 DN. The compares 
with the inaxiinuin shift of 2.0 DN measured for 
Landsat-4 band 1 detector 4. Several detectors did 
not display any measurable effect in this scene. 
They are: band 1 detectors 1, 3, 5, 9, 13, and 15; 
band 2 detector 4; band 4 detectors 8, 10, 12, and 
16; band 5 detectors 2, 4, 7, 10, and 13; and band 
7 detectors 1, 2, 5, and 15. As seen in Landsat-4 
TM data, patterns of phase and inagnitude of the 
level-shift effect within a band often place the de- 
tectors into odd-even groups. As with the within- 
scan droop, the confounding effect of scene data 
prevents analysis of this type for band 6. For this 
band, shutter data may be used to quantify any level 
shifts but with somewhat lowered precision. 

Although these level-shifts are strikingly evident 
in the nighttime reflective data, where the scene 
makes no contribution to the observed signal level, 
they are of the same inagnitude in daytime data and 
even there can cause noticeable striping. The mag- 
nitude of these shifts and the large number of scenes 
in which they occur places a high value on the cor- 
rection of the effect for some applications. Fortu- 
nately, the constancy of the inagnitude permits rel- 
atively simple correction techniques. Since the level 
shift remains constant for the entire scan, the shifts 
are also observable in the shutter data collected at 
the ends of each scan line. Based on this, several 
methods of correcting for level shifts have been pro- 
posed which appear effective in reducing the effect 

TABLE 3. COEFFICIENTS FOR CONVERTING LANDSAT-4 DN TO LANDSAT-5 DN (SCENES 4-0608-15463 and 5-0014-15460, 
15 MARCH 1984) 

-- 

Landsat-5 TM = lan lands at-4 TM) + B 
Range of Data Values 

(DN) 

Band A B S.E.  R2 Landsat-4 Landsat-5 

Note: I f  the DN computed for Landsatd is <O,  substitute 0. If it is 2255, substitute 255. 
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TABLE 4. COEFFICIENTS FOR CONVERTING LANDSAT-5 DN TO LANDSAT-4 DN (SCENES 4-0608-15463 AND 5-0014-15460, 
15 MARCH 1984) 

Landsat-4 TM = A*(Landsat-5 TM) + B 
Range of Data Values 

(DN) 

Band A B S.E. R2 Landsat-4 Landsat-5 

Note: If the DN computed for Landsat-4 is >255, substltute 255. 

(Hk11-ker, 1984; Fischel, 1984; Kogut et a l . ,  1983; 
Malila e t  ( I / . ,  1984; Metzler and Malila, 1983a; 
Murphy et ( I / . ,  1984). The general approach is to 
detect the presence of the shift (normally Ily looking 
at shutter tlata), then to snl~tract (or add) the know11 
~nagnitr~de of the shift to each pixel in the affected 
scan line. 

Kadiometric ~natchi l lg  of t h e  Landsat-4 an(\ 
Landsat-5 T l l  sensors was ficilitated 11). the avail- 
allility of a uniclr~e set of radiometrically corrected 
data collected simr~ltaneouslv by the two sensors 
ant1 registered to sul)pixel accuracy as c1escril)ed 
al)ove. Same-band i~llages fi-om the two sensors 
were very similar in appearance, although exami- 
nation on all image display syste~n required dif- 
ferent gain and offset fictors to be applied to achieve 
itlentical 1)rightness and contrast for each pair of im- 
ages. Since I ~ o t h  the  Landsat-4 and Landsat-5 
scenes were processccl through -rIrs (Thematic 
Inapper I~nage  Processing System), it was expectetl 
that radio~netrically corrected products would have 
essentially identical corrected signal values for the 
same scene viewcd at the same time. In addition to 
~nultiplicative and additive differences, clipping of 
the Landsat-5 data valnes was obvions in I)oth I)ands 
3 arid 7 at the low radiance end of the dynamic 
range. The halid 7 low-level clipping is apparent 
from a histogram of signal-level fi-eqr~ency for IIand 
7 for both Lii~ntlsat-4 and Landsat-5 (see Figr~re 7). 
The pixels with values zero to six in the Lanclsat-4 
scene are all mapped to value zero in the Landsat- 
5 scene. Although the offset was nearly as large for 
band 5 (see Figure 8), fewer data values actrtally 
were clipped (0.3 percent of the scene versus 4.2 
percent in ])and 7 ) .  

As notetl eal-lier, I~and-by-])and co~nparisons wcre 
carried ou t  using two diff'errnt t ech~ i iques :  (1) 
regression of signal values fro111 the coincident pixels 
or regions, and (2) regression of signal values asso- 
ciated with specific histogram percentile classes. 

When clipping was not present, either technique 
produced essentially the same resr~lts. Where clip- 
ping was present, regression of matched areas led 
to s~naller additive terms and larger ~n~lltiplicative 
terms, a result deemed erroneous after inspecting 
the histograms. For this reason, coefficients fro111 
the histogran1 matching approach are presented 
here. Tal~le 3 presents the multiplicative and addi- 
tive coefficie~~ts to convert Landsat-4 Th1 signal 
levels to Landsat-5 Thl equivalent values; and Table 
4 co~ltaills the coefficients to convert Landsat-5 sig- 
nals to Landsat-4 values. It should I)e noted that 
while this was a si~nultalleouslv collected data set, 
and therefore nearly ideal for this type of analysis, 
the correction coefficients presented are valid only 
if gl-ouncl processing parameters are not changed. It 
should also I)e noted that data which have been 
clipped as in Landsat-3 bands 5 and 7 can not I)e 
retrieved-all the zeroes in I,a1idsat-3 I~and 7 data 
will I)e converted to sixes in La~lclsat-4 band 7, 
whereas Landsat-4 band 7 would have recorded the 
same pixels with signal levels ranging from zero to 
six. In using these conversion equations, resultant 
DNs less than zero should be assigned the value 
zero; DNs greater than 255 sholild I)e assigned 235. 

Converting the pixel values to radia~ice levels via 

TABLE 5. LANDSAT-4 AND LANDSAT-5 TM RADIANCE 
CONVERSION PARAMETERS (SCENES 4-0608-15463 AND 

5-001 4-1 5460, 15 MARCH 1984) 

Radiance = A 0  + A I * D N  (rn\V/(c~n' st. p ~ n ) )  
A 0 A 1 

(m\\'l(cm' sr p111)) (niW/(c~~l%t. p~~m))/l>h' 

B;u~tl Landsat-4 Lantlsat-5 Lantlsat-4 La~mtlsat-5 



TABLE 6. LANDSATS-4 AND LANDSAT-5 TM REGRESSIONS OF RADIANCE VALUES (SCENES 4-0608-15463 AND 5-0014-1 5460, 
15 MARCH 1984) 

La~ldsat-5 Th1 = A*(Landsat-4 Thl) + H 
Range of' Radiance \'slues 

(m\\'/(c~n' sr +111)) 

Band A H S.E.  It2 Laodsat-4 Landsat-5 

the coefficients provided in the Radiometric Cali- 
bration Ancillary Record of the Leader File associ- 
ated with each band of irnage data (NASA, 1983) did 
not resolve the discrepancy observed between the 
two sensors. Table 5 lists the multiplicative and ad- 
ditive coefficients extracted from tape headers and 
used in the conversion. Tal~le 6 is sinlilar to Table 3 
in that it defines conversion of Landsat-4 signals to 
Landsatd equivalent signals but in terms of radi- 
ance instead of signal counts. It is not known at this 
time why the radio~netrically corrected data are not 
more closely matched. 

An additional discrepancy was noted between the 
previously published band 6 temperature sensitivity 
range and the range implied 11y the coefficients 
listed in Table 5. Using these coefficients to convert 
the range 0.255 DN to radiance gives a radiance 
range of 0.125 to 1.575 ~nW/(c~n'  sr pm), repre- 
senting an apparent temperature range of approxi- 
mately 200 to 340°K, not the advertised 260°K to 
320°K. This causes an increase in the temperature 
difference represented by a change of 1 DN. The 
specified 260°K to 320°K temperature range actually 
spans approxi~nately 63-196 DN versus the speci- 
fied 0.255 DN. For Landsat-5 TM, the radiance 
range is very slightly different (0.124 to 1.560 mW1 
(cm2 sr pm)), still giving a range of apparent tem- 
perature of approxi~nately 200°K to 340°K (or a DN 
range of approximately 63-193 for apparent tem- 
peratures of 260°K to 320°K). Users unaware of 
these differences ]nay incorrectly derive te~npera- 
tures from TM band 6 data. 

SUMMARY 

Landsat-5 TIM image data were found to be quite 
similar to Landsat-4 TM data, both in terms of high 
overall quality and in the presence of several anom- 
alies. Detailed analysis revealed a systenlatic 
within-scan drift (or droop/rise) of the signal from 
the scene mean toward the overall scan-cycle Inearl 
in spectral bands 1 through 4. The ~nagnitude of this 
drift ranged from Ininns 1.5 DN (daytime) to + 0.15 
DN (nighttime), depending on scene content. The 
drift was fitted with a simple exponential decay 

model and found to have a time constant equivale~lt 
to about one-sixth of a fi-ame width. 

Scan-correlated level shifts are present in both 
Landsat-4 and Landsat-5 TM data. The ~nax i~nu~n  
effect observed in Landsat-5 data was approxi~nately 
0.5 DN peak-to-peak, compared with a lnaxi~nuln 
of 2.0 DN observed in Landsat-4 data. The level- 
shifts appear to be present in most if not all images, 
and effective correction procedures have been pro- 
posed. 

Although data from both Thematic Mappers are 
produced in radionletrically corrected form, com- 
parison of data acquired sin~ultaneously by the two 
sensors revealed significant differences in their cal- 
ibration. In the refiective bands, the lnultiplicative 
factors required to convert Landsat-4 TM data to 
Landsat-5 data ranged fro111 0.987 to 1.145, with 
corresponding additive terms of - 2.7 DN to - 6.2 
DN, and displayed evidence of low-level clipping 
in Landsat-5 bands 5 and 7. The thermal bands 
(band 6) were more closely matched, but are cali- 
brated to have a full-range temperature range of 
200°K to 340°K instead of the advertised 260°K to 
320°K. 
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