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PREFACE

The Agriculture and Resources Inventory Surveys Through Aerospace Remote

Sensing is a multiyear program of research, development, evaluation, and

application of ,aerospace remote sensing for agricultural resources, which

began in fiscal year 1980. This program is a cooperative effort of the

U.S. Department of Agriculture, the National Aeronautics and Space

Administration, the National Oceanic and At!nospheric Administration

(U.S. Department of Commerce), the Agency for International Development

(U.S. Department of State), and the U.S. pepartrient of the Interior.
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1. INTPODUCTION

The purpose of this task was the evaluation of the effect on Landsat data of a

sun-angle correction, an intersatellite Landsat-2-to-Landsat-3 data rarlgc

t
	 adjustment, and the atmospheric correction (ATCOR) algorithm. Graphs of

reflectivity versus time are used to illustrate these effects. The prepro-

cessing techniques are applied to multispectral scanner (MSS) channel data and

to data transformed by the Ashburn vegetative index (AVI), by Kauth Greeness,

and by two-channel ratio transformations. Analysis of results determined

recommendations for use of these techniques in the Early Warning project of

the Agriculture and Resources Inventory Surveys through Aerospace Remote

Sensing (AgRISTARS) program. Fourteen 1978 crop year Large Area Crop

Inventory Experiment (LACIE) sites are used as the site data set.

The preprocessing techniques examined in this study are in use for Landsat

data. However, the results of the study are also applicable to meteorological

satellite (metsat) data. The same sources of data distortion in Landsat data

will have a greater of fec6 in metsat data; hand; L i ',' .,:ti ve methods of mini-

mizing these distortions will be more crucial iii the use of metsat data. An

effective treatment developed on Landsat data should be directly transferable

to metsat data.

An overview of the Landsat data collection system is presented in section 2 as

background for this study. The technical approach of this study is given in

section 3; the site data set and the set of transformations used on the MSS

channel data are listed in section 4. Section 5 describes the preprocessing

techniques examined in the study. Section f describes the software programs

and the procedures used to implement these. Results of applying the prepro-

cessing techniques are given in in section 7. niscussion of results, evalua-

tion of th., techniques, and recommendations for future work in this area are

given in section 8. The conclusion based on the results of the study appears

in section 9.
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The appendices included in this report providA some of the reference material

used to implement the task objective. Appendix A is a discussion of the

sunlight-to-digital-counts conversion of Landsat data. The preprocessing of

Landsat data done at Goddard Space Flight Center (GSFC) is presented in

appendix B. The Earth Resources Observations Systems (EROS) assessment of the

quality of the full frame imagery associated with the data set is given in

appendix C.

The author would like to express sincerest thanks to Gautam Badhwar for his

aid and assistance. At the onset of this task it was suggested that the crop

trajectories be curve fit using the Badhwar BSTAGE model. Therefore, some

lines of code in LPLOT and RAWPLT are taker, directly from BSTAGE even though

the ides of modeling was eventually dropped. The Landsat correction and sun-

angle corrections are from BSTAGE, except that the sine of 39 0 and 510

(instead of 40 1 as in BSTAGE) are divided by the sine of the sun-elevation

angle.

w

d
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2. BACKGROUND

Sunlight is reflected off the surface of the Earth, received by sensors in the

Landsat, translated to digital values, and transmitted to ground receiving

stations for use in remote sensing analysis.

Remote sensing analysis of the scene, then, is based on identification of the

reflected signal transmitted to Earth by Landsat. Use of the Landsat data

requires understanding of the sources of data distortion inherent in the

acquisition and transmission of the data and of the preprocessing techniques

which have been applied at GSFC to the LACIE/AgRISTARS segment data for the

purpose of reducing some of this distortion. The intended use of the Landsat

f	 data may require further preprocessing to support a specific application.

A number of factors affect the Landsat data (figure 2-1):

o Sunlight passes through the atmosphere and immuminates a target on the

Earth. The amount of light received by the target is affected by the

elevation of the Sun and the atmospheric conditions: some light will be

scattered by particles in the atmosphere, some will be absorbed by the

atmosphere, and some will be transmitted to the target.

o The geometric configuration of the target affects the dispersion of the

reflected light, and the nature of the targe`. determines the amount of

light reflected at each wavelength. Forward scatter radiance from the,area

surrounding the target alters the signal.

o The atmosphere modulates the reflected signal by scatter and absorption.

o The satellite sensor scan angle, the geometry of the scanning system, and

.	 the sampling method affect the magnitude of the recorded signal.

o Spectral sensitivity varies between the sensors on different satellites and

between the detectors within a sensor: equal values may not be recorded

for the same input.
o The method of translating the analog signal, generated from the reflected

radiance, into digital counts for transmittal to the Earth further affects

the correlation aetween the recorded signal and the ground features.

2-1
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Appropriate use of preprocessing techniques can minimize some of the problems

which arise during the acquisition process. However, if applied inappropri-

ately, preprocessing can increase data distortion and itself become a source

of error.

A limited amount of preprocessing was applied to the Landsat data used in

LACIE and in the AgRISTARS program. Some geometric and radiometric correc

tions are routinely applied at GSFC before the data are sent to JSC. These

corrections, based on measurements made onboard the satellite, are intended to

calibrate for variations in the spacecraft and scanner geometries and for

variations in detector response.

Further data manipulations may be applied as preprocessing techniques at the

option of the user. A data range adjustment may be applied to MSS channel-4

data before multichannel use with d4ta from other MSS channels. A between-

satellite calibration is usually applied when acquisitions from different

satellites are used together. Sun elevation angle correction and atmospheric

preprocessing techniques are used in an attempt to standardize acquisition

conditions for some research purposes. Evaluation of the effect of these

optional preprocessing techniques, the implementation method most commmonly

used at JSC, is the purpose of this study.

Appendix A is a more detailed discussion of the target radiance-to-digital

counts conversion, with emphasis on potential error sources. In the appendix

this conversion is examined in two parts; (1) irradiance and target reflec-

tance (what the target receives and what the target reflects) and (2) reflec-

ted radiance and satellite transmission (what the satellite receives and what

the satellite transmits). The preprocessing techniques applied to LACIE/

AgRISTARS data at GSFC are examined in appendix B.

0
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3. TECHNICAL DESIGN

This task is designed to illustrate the effect of applying selected preproc-
essing techniques to Landsat data. Graphs of spectral response versus time
are used to display the effect of applying sun-angle, satellite, and atmos-

pheric corrections on time trajectories established by the mean values of pure

pixels of a crop and by the mean values of a LACIE segment. The graphs are

evaluated for the effect, and for the importance and feasibility, of imple-

menting each technique.

The purpose of applying preprocessing techniques to Landsat data is to reduce
the distortion effect on the data by atmospheric and veiwing geometry factors,

i.e., to reduce the effect of sources of errov, so that scene content can be

identified as accurately as possible. Currently, two approaches are feasible:

1. Correction factors applied directly to the data. Measurable differences in

acquisition circumstances (such as data acquisition with different sun-

elevation angles) can be standardized to a reference circumstance (to a

reference sun angle, for example). This is the method of the preprocessing

techniques illustrated in this study.

o The data range of MSS channel G is standardized to that of MSS channels

1, 2, and 3.

o The sun-angle correction standardizes to a reference sun-elevation angle

of 39°.

o The data range of Landsat-3 acquisitions is adjusted to that of the

Landsat-2 acquisitions.

o The atmospheric correction standardizes to a reference haze level, sun

elevation angle, and background reflectance.

2. Use of transformed data. The data can be transformed by methods which

reduce the need for preprocessing, especially with the use of ratio typ?

transformations. For example, in a given acquisition, the data for each

MSS channel are all obtained with -the same sun elevation angle, hence the

use of a ratio of two channels will tend to cancel the sun angle effect.

3-1



Other transformations may also tend to reduce the need for the direct

application type of preprocessing.

Both these approaches are incorporated in this task. Parameters developed for

direct application to the data are tested both on the MSS channel data, where

a maximum effect is expected, and on the transformed data, where a smaller

effect is expected, especially with the ratioed data.

Neither of these methods can be assumed to eliminate the effect of the factors

addressed. These factors are wavelength and atmospherically dependent (see 	 .

appendix A), hence a reduction of effect is all that can be assumed.

To implement the design the following steps were taken:

1. Factors which affect the data and were used as a basleine for this task

were researched.

2. A data set was established from the 1978 corn/soybean and wheat/barley

sit^«i }.00m the LACIE sample segments.

3. SJ tware was designed to extract segment mean values and the mean values of

a field of 'pure crop' for all available acquisitions. This created a crop

signature trajectory in time against the effect of applying preprocessing

techniques which could be tested.

4. Software was written to produce graphs of "raw" and transformed data, with

and without preprocessing techniques.

5, Graphs of the field and segment mean values were generated for each channel

for both raw and transformed data. These were generated with and without

the application of preprocessing techniques.

6. Graphs were analyzed to determine the effect of applying preprocessing

techniques, and evaluated for the necessity and feasibility of implementing

the preprocessing technique in the early warning project.

Figure 3.1 illustrated the implementation plan for this task. While the prin-

ciple objective of the task was to examine the effect of applying sun angle,

3-2



satellite, and atmospheric correction of Landsat data, this study will also

apply to corrections on metsat data. Sun angle, view angle, and atmospheric

effects are expected to be cheater on metsat data than on Landsat data due to

a larger satellite scan angle and a larger solar zenith angle. An effective

treatment of the affects developed on Landsat should apply directly to metsat

data due to the correlation of MSS channels with the AVHRR channels (ref. L).

3-3
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Figure 3.1- Landsat preprocessing implementation plan.
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4. DATA SET SELECTION

4.1 SITE SELECTION

The data set consists of 1078 crop year data from 14 LACIE sites. Site selec-

tion was as geographically dispersed as possible within the following con-

straints:

1. A multitemporal sequence of Landsat-? and Landsat-3 acquisitions was

required for the site in order to illustrate the effect of applying an

intersatellite data calibration.

2. Consecutive day coverage was emphasized. Choice of the data set was

limited by the LACIE practice of deleting consecutive day acquisitions to

conserve disc space on the computer system (the Earth Resources Inter-

active Processing System). Consecutive day acquisitions are useful for

comparing the effects of variations in both the satellite view angle and

the atmospheric conditions on data taken over the same geographic area

with the same sum angle.

3. A minimum of four data acquisitions for the site, taken during the growing

season of corn or spring wheat, was required in order to establish a crop

time trajectory against which preprocessing effects could be tQ^ted.

4. Digitized ground truth was available for all sites. A mininnnn of 5 percent

of the scene, as identified by ground-truth data, was composes) of corn or

spring wheat. This assured that a field of reasonable crop purity was

available for establishing a signature trajectory.

5. Figure 4.1 illustrates the geographical location of the 14-site data set

and lists the sites.

4. 91 DATA TRANSFORM SELECTION

As described in section 3, the technical approach required the use of channel

values and transformed data values as the basic data set for assessing the

effect of preprocessing techniques.

4-1
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S.S. 141 Madison, Iowa S.S. 860 Wells,	 Indiana

S.S. 180 Kent, Michigan S.S. 1380 Redwood, Minnesota

S.S. 184 Goodhue, Minnesota S.S. 146, Pierce, North Dakota

S.S. 205 Clark,	 Missouri S.S. 1467 Towner, North Dakota

S.S. 222 Dawson, Nebraska S.S. 1636 Stutsman, North Dakota

S.S. 843 Henry,	 Indiana S.S. 1653 8urleigh,	 North Dakota

S.S. 848 Madison,	 Indiana S.S. 1920 Sioux, North Dakota

Figure 4.1	 Name and location of the 14 sites comprising the data set.
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These transforms included a subtraction, rotation, and ratio of channel

data,. Graphs of spectral response versus time were generated for:

a. Raw single channel values for each MSS channel.

b. The Ashburn vegetative index (AVI), a subtractive transform (ref. 2)

AVI = 2(Ch 4) - (Ch 2)

c. The d,'auth-Thomas transformation, greenness value (GRN) (ref. 24)

Greenness = -.290 (Ch 1) - .562 (Ch 2) + .600 (Ch 3) + .441 (Ch 4) + 15.0

d. Ratioed data, the RVI

RVI = (Ch 4)/(Ch 2)

e. Data transformed by the vegetative index (VI)

VI = [2 (Ch 4) - (Ch 2)]/[2 (Ch 4) + (Ch 2)]

Data transformed by the AVI and the greenness transformations have been used

successfully for classification of agricultural cropland. The RVI and VI also

have been used for this purpose, but these specific ratios were chosen because

they have been used in research of atmospheric effects on Landsat data. This

selection of data transforms was motivated by a desire to make this study as

relevant as possible to current research and to current use of satellite data.

4-3



5. PREPROCESSING TECHNIQUES

5.1 DATA RANGE ADJUSTMENT FOR MSS CHANNEL-4 DA`fA

A difference in sensor sensitivity between channel 4 and channels 1, 2, and 3

results in channel 4 data being transmitted in a linear uncompressed mode in

contrast to the quasi-logarithmic compressed mode of channels 1, 2, and 3,

Consequently after decompression ag GSFC, the data range of channel 4 data

remains 0 to 63, while channel 1, 2, and 3 data is in the range 0 to 127. The

ERTS and LACIE processors scaled the data in this fashion; the all digital

°	 system, the Multi Data Processor (MDP), installed after the launch of

Landsat 3, scales all channels to the 0-127 range. For multi-channel use of

data produced on the LACIE processor, channel 4 data is usually scaled to the

same range as channels 1, 2, and 3 by doubling the data values.

For this study, doubling of channel 4 values is incorporated in the algorithm

for AVI, RVI, and VI; however, greenness does not require doubling of the

channel-4 input.

5.2 SUN ANGLE STANDARDIZATION FACTOR

A sun angle "correction" has been proposed to remove what has been considered

a major source of scene-to-scene variation: the variation of solar elevation,

which is the lighting condition under which the data is generated. Changes in

sun elevation angle affect the data range and the variation of the data;

radiance data taken with a low sun angle will generally have a lower digital

value over the same target than that taken with a larger angle. The sun-

elevation angle is known for each acquisition and appears in the header of the

image tape. It is assumed that natural surfaces are approximately diffuse

reflectors; thus, multiplication of the data values by a factor determined by

the sine, or the cosine, of tither the sun elevation angle or its compliment,

the sun zenith angle, can be used to bring the data to a standard reference

angle, i.e. to appear as if the data were all taken under the same lighting

conditions. The sun angle standardization facor, Xio , is:

5-1



sin OGXi

Xi o = sin o

where o is the sun-elevation angle of the acquisition, 0 4 is the reference

solar angle and X i is the data in MSS channel i.

While this type of correction is ,justified by the system geometry, it cannot

be considered a complete correction since natural surfaces are not proper

diffuse reflectors and the effect of solar elevation angle is wavelength and

target dependent. "If the Earth atmosphere system is truly a Lamhertian

reflector, this normalization completely takes out the sun angle effect"

(ref. 3). The system cannot realistically be assumed to be Lambertian, but

some of the effects, the amount varying with wave length, are decreased by the

use of such a factor. Sun-angle standardization is useful in the following

situations;

1. Use of multisatellite data. When acquisitions from different Landsats are

used together, a sun-angle normalization may be desirable. Landsat-1

through Landsat-3 were planned for sun-synchronous orbits at 18-day inter-

vals with a 9-day interval betwoen operating satellites. Nominal equator-

ial crossing, descending mode, for all Landsats is 09:30 a.m., local solar

time; acceptable tolerance permits an equatorial time crossing variance of

as much as 30 minutes between satellites, which results in recorded sun-

-elevation variance between satellites of up to 5° on the same day.

w. Use of multitemporal data. Multitemporal use of acquisitions over, for

example, a crop growth cycle probably gains in comparability if data is

adjusted by a sun-angle correction. This would lessen the effect of the

change in sun-angle on the multitemporal changes in crop signature.

(There is a change of up to 45" in solar elevation angle in a year for a

specific location).

3. Use of data from different geociraphical areas. Comparison of crop signa-

tures for the same growth stage, different geographical areas (hence

different solar elevation angles) may be more valid if some compensation

is made for the different solar angles.

For this study, sun-elevation angles were standardized to 39°. Most of the

5-9



acquisitions used in the study have sun-elevation angles of about 50°; hence

the graphs presented in this study illustrate a relatively large sun-angle

t	 correction.

5.3 SATELLITE CALIBRATION FACTORS

Comparison of the spectral data ranges front Landsat-2 and Landsat-3 defined a

consistently lower range for the values of Landsat-3 acquisitions. For analy-

sis of images from both satellites, it is desirable to standardize the data

range so that interpretation can be done in a consistent manner. For LACIE/

AgRISTARS data, Landsat-2 data with prelaunch calibration (LACIE segment data)

is taken as the standard, and Landsat-3 data is adjusted to this by applica-

tion of the appropriate multiplicative and additive factors. A discussion of

sensor performance and calibration techniques is given in appendix A. For

this study, the data for each channel of the Landsat-3 acquisitions are ad-

justed into the range of the Landsat-2 acquisitions by use of these multipli-

cative factors.

Channel 1: Landsat-3 data values multiplied by 1.161

Channel 2: Landsat-3 data values multiplied by 1.230

i
	

Channel 3: Landsat-3 data values multiplied by 1.062.

These factors, which were developed to adapt Landsat-3 data for use with

Landsat-2 data in LACIE operations, have proven satisfactory.

5.4 ATMOSPHERIC CORRECTION (ATCOR) PROGRAM

The ATCOR algorithm was developed to standardize Landsat data for acquisition-

to-acquisition variations that are due to the effect of haze, sun angle, and

background reflectance (ref. 4). ATCOR is based on the assumption that the

darkest channel-1 pixels in the scene can be used to estimate a haze level;

this MSS channel has the bandwidth which is most sensitive to haze. With an

estimated haze level for a scene at each acquisition, ATCOR computes coeffici-

ents to transform MSS data in all four channels as would be recorded at a

selected reference level of haze, of sun angle, and of background reflectance.

Figure 5.1 illustrates the ATCOR program. The program operates internally in

two steps: ;step 1 calculates the haze level for each acquisition for the
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segment, and step 2 calculates the per acquisition ATCOR coefficient which

will adjust the data to standard sun angle, haze, and backgound refectance

conditions. Figure 5.2 relates optical depth to visibility.

Target reflectance, P i , is computed as a function of changes in the three

variables sun zenith angle (00 ), acquisition haze level (T h ), and average

scene radiance outside the target (pi).

L i - a i (p i , oo , T h ) p i + b i (P i , po' 
T ^), where Li is the output corres-

ponding to target radiance p i . The quantity 0 is obtained from acquisition

reader information; L i is a known quantity; and the haze level T  (assumed

homogeneous for the segment) is computed from the data. A set of "darkest

pixels" is defined by taking the minimum value of all the channel-1 pixels in

each line of the Landsat image. These 117 pixel values are averaged; the

reflectance value corresponding to this average is assumed to be 0.03 (i.e.,

3 percent of incident radiation is reflected). The ATCOR tables are used to

determine the amount of haze present, the haze level for the segment, Th.

From this derived T h , background reflectance values can be computed for all

four channels. This permits the defining of ATCOR coefficients which will

adjust the data to standard values for sun angle, haze, and background reflec-

tance.

Haze added to a scene increases data values and decreases contrast (compresses

data values). Haze removal, conversely, will decrease data values and in-

crease contrast. Channel 1 is most sensitive to haze effects, while data from

channel 4 are the least affected. In vegetation areas, channels 1 and 2 are

considerably more sensitive than channels 3 and 4.

Haze levels can significantly alter crop profiles and lead to misidentifica-

tion of scene content. The production film converter (PFC) film products

produced from Landsat images for use in LACIE and in the AgRISTARS program are

not reliable indicators of haze and optical depth since these transparency
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products, produced as aids for agricultural analysis, maximize contrast in a

scene. Haze is subjectively estimated from visual examination of the PFC

products. In LACIE/AgRISTARS, acquisitions with light haze tend to he used,

with any haze effects being considered part of data "noise"; heavy haze- or

cloud-affected acquisitions are generally not useful for analysis. Standardi-

zation of scene haze level wculd be very beneficial in multitemporal scene

analysis.

In this study the haze le v el, expressed as optical depth -i, was calculated for

each acquisition. The ATCOR coefficients adjust each acquisition to a 0.2

optical depth (minimal haze) and a 30 0 sun-elevation angle. A program default

value of 0.05 was used for channel-1 background reflectance, a value suitable

for agricultural scenes.

The usefulness of ATCOR decreases when clouds and cloud shadows are in the

scene. The ATCOR tables were derived to represent a Rayleigh modular scat-

tering atmosphere with a layer of Mie scattering haze (a continental type

haze) of three different concentrations: 0.0, 0.424, and 0.848 optical

depths.
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6. PROCEDURE FOR GENERATION OF GRAPHS

For this study, graphs of reflectivity versus time were used to illustrate the

effect of applying preprocessing techniques to Landsat data. The following

procedure was used to generate these graphs.

1. Tape input. The data for this study were brought in as dSC universal

format Landsat acquisition image tapes. Using the Crop Condition Assess-

ment (CCA) computer at the U.S. Department of Agriculture Foreign Agricul-

tural Service (USDA/FAS) facility, up to six acquisitions, each with data

from four channels, could be merged into one 24-channel image. These

merged images were then loaded into image files using the Integrated

Multivariant Data Analysis and Classification System (IMDACS) load proces-

sor on the POP 11/45 computer.

2	 Field/segment boundary definition. Using the IMDACS field definition

processor, field boundaries were entered in line, pixel format (with four

coordinates per field). One field of either corn or spring wheat was

defined for each of the 14 segments used in this study. A standard "whole

segment" set of coordinates was also entered for each site.

3. Fielu/segment mean values calculation. Field and segment means were

calculated for each channel and each acquisition using the IMDACS statis-

tics processor. The IMDACS statistics processor outputs a statistics file

which had to be read using the READ utility sub-program AREAD. The pro-

gram REFORM used AREAD to read the output of the statistics processor and

outputs a file of field and segment means ordered by segment and acquisi-

tion. Four files were generated:

o LYCFLO.SPT was the corn field data: mean value, standard deviation for

each acquisition.

o LYCSEG.SPT was the corresponding data for the segment.

o LYWFLD.SPT was wheat field data for those segments where this was the

crop field defined.

o LYWSEG.SPT was the corresponding segment data.
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These files were placed in the scene processing unit (SPU) computer to await

plotting. Transfer was accomplished using DECNET.

4. Generation of ATCOR coefficients. Generation of ATCOR coefficients

required special processing on the National Advanced Systems AS-3000

computer in JSC building 17. The program ATCOR was run on each acquisi-

tion of the universal format tape used as original input; coefficients

were generated for three optical depths (t = 0.2 0 0.3, and 0.4). The line

printer output was then collected and brought to the FAS computer facil-

ity. The ATCOR coefficients were input manually to data file ATCOEF. DAT

on the SPU to await graphing.

5. Display of data files. When generation of the data files was complete on

the SPU, the program LSTAGE was run to display the files and verify con-

tents prior to graphing.

6. Generation of graphs. The graphs for this study were produced on the FAS

Caicomp plotter attached to the SPU Computer: Two software programs were

used to generate the graphs.

The first program, RAWPLT, graphed field mean values and segment mean

values versus acquisition dates for each channel.

For each channel, the program (a) plotted the channel data, (b) plotted the

data with the data from Landsat-3 acquisitions adjusted to the Landsat-2

acquisition data range and with a correction factor applied to standardize the

sun-elevation angle, and (c) plotted the ATCOR corrected data. RAWPLT gener-

ates eight plots (four MSS channels, full and segment mean values) with three

graphs per plot. Up to 14 acquisition dates per segment can be graphed.

The formulas used to calculate the satellite and sun-angle adjustment are

these;
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Adjusted Landsat-3 data 	 Landsat-3 data

Channel 1 - 1.161	 Channel I

Channel 2 - 1.230	 Channel 2

Channel 3 = 1.246	 Channel 3

Channel 4 - 1.062	 Channel 4

Data standardized to a sun-elevation angle of 300 were be multiplied by the

sin 390
following factor, s— ^-^ -- where 0 is the sun angle given in the header infor-

mation. The ATCOR coefficients corrected to a 39 0 sun-elevation angle, an

optical depth (haze level) of 0.2, and the default background reflectance of

0.05. Internally the program adjusted data from Landsat-2 and Landsat - 3 to

the range o f Landsat-1. ATCOR corrected data;

Xi = a i X i + b 

where i	 1, 2, 3, or 4, denoting the MSS channel. The second software pro-

gram, LPLOT, graphed field mean values and segment mean values versus acqui-

sition dates for data transformed by four formulas. As with RAWPLT, each

graph had three plots; channel data, satellite and sun-angle-adjusted data,

and ATCOR corrected data. Adjustments as above were applied to the individual

channels; eight graphs were plotted using RAWPLT and then transformations were

applied and plotted using LPLOT which plots eight additional formulas for

transformations for AVI., RVI, VI, and greenness formulas.

Figure 6.1 illustrates the functional flow described above. A total of 16

graphs per segment were generated as above, 3 plots on each graph. These 672

trajectories are the basis for the conclusions, recommendations and evalua-

tions of the preprocessing techniques.
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7. RESULTS

Table 7-1 is the site data set used for this study. For the 14 sites, the
following information is listed;

a Segment number and location

o A sample field, corn or spring wheat, (line, pixel) coordinates

o Sun-olovation angle from the acquisition imagv header

a The ATCOR haze estimation for each acquisition (+) ; this indicates

increasing haze with inereasinq value

a All tami 1 abl e acquisitions, 107S dates prior to dul i an clay 310, with cam-
ments on data quality (assessed from the LACK/AgRISTARS film products), an

(L-3) identification if data were acquired by Landsat-3, and some agronomic
observations.

o A commentary which includes identification of scene components which com-
prise more than 10 percent of the scene.

Examples of graphs of the sepronts area presentod in figures 7.1 and 7.3. The

first fi quro illustrates sun-angle and sated 1 i to corrections along with ATCOR

correction applied to MSS channels 1, C, 3, and 4 and to data transformed by

the M, RVI, VI, and Kauth greenness using the mean values of selected

fields, AAA pure corn or spring wheat; the second figure presents the same
graphs based on segment mean values. Graphs of raw data are marked with a

cross, graphs of Landsat and sun-angle-adjusted data are plain, and the ATCl1R

corrected graphs are marled with circles.

Graphs ror each site were pleated and used to analyze the effects of all the,

preprocossang teachniquos can both the MSS channel data and transformed data.

These pleats were made for the mean values From selected fields of corn or

wheat as well as the mein values for entire segments.

Full-frame imagery From Sioux Falls, South nakota, was screened for cloud
cover and data quality. This information  applies to the area measuring 100

n.m. square, the area from which is extracted the S. by C--n.m. LACIE/AgRISTARS
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sample segment. While this information is not exactly applicable to the

information presented in this section, it is included as appendix C for

correlation with the material presented in table 7-rl.
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8. DISCUSSION AND EVALUATION OF RESULTS; RECOMMENDATIONS FOR THE FUTURE

8.1 SUMMARY OF RESULTS

This task addressed the question of whether the use of data transformations

and the use of preprocessing techniques are beneficial in the use of Landsat

data. Information content of the MSS channel data cannot be increased by

transforming the data, but the use of transforms which screen out unwanted

information can result in increased clarity of presentation of the information

of value. For identification of agricultural land use in the Landsat scene,

the information of value is the target radiance. When presented for interpre-

tation, this information should be as free as possible from confusion factors

such as sun angle, satellite viewing geometry effects and atmospheric varia-

tions - the data distortions addressed by the preprocessing techniques evalu-

ated in this study. Ratio type transformations, RVI and VI, do effectively

reduce the need for preprocessing techniques applied directly to the data.

Use of this type of transformation would be preferred for evaluation of crop

profiles in time, such as crop condition assessment and episodic events. The

subtractive type vegetative indexes, like the AVI, are more sensitive to use

of a sun-angle correction and to ATCOR than are the ratios. The Kauth green-

ness transformation also exhibits this sensitivity. These transformations,

unlike the ratios, appear to benefit from use of direct application prepro-

cessing techniques.

Data transformations, which have been selected to clarify information relevant

to the use of the Landsat data, are beneficial. However, it is also recom-

mended that MSS channel values be available for use with transformed data.

The wavelengths of the MSS channels were chosen to exhibit features of plant

physiology such as chlorophyll absorption and leaf structure. A loss of

either (or both) of these may be reflected in the transformed data, but the

untransformed channel data must be used to determine which is reflected.

Channel values, then, provide a reference from the profiles of the transformed

data back to the input MSS channel, which has a direct meaning in plant pheno-

logy. Use of channel values in a study such as this is beneficial also

because it shows the magnitude of the data variability.

8-1



Data range adjustment for MSS chann',l 4 was not assessed as a separate pre-

processing technique for this study since doubling of the channel 4 values was

either incorporated in the data transformations or unnecessary.

The sun-angle correction factor (ratio of sines) had a predictable effect on

the data: since a reference angle of 30 9 was used and most acquisitions for

these segments had angles of about 50 9 , most acquisitions were adjusted to

approximately 20 percent lower values. Adjusting to a standard of 30 9 pro-

duced an exaggerated effect; a reference angle of 50 9 would be more suitable

for this data set. Sun-angle adjustment does have an effect on the data

profile; presence of the sun-angle effect enhances the data for crop-profile-

in-time work because of the correlation between growth cycle and the sun-

elevation pattern. Removal of this effect will tend to flatten the profile.

Sun-angle standardization will increase the validity of a temporal crop pro-

file using the MSS channels or the data transformed by the AVI and Kauth

greenness. Standardization is unnecessary if VI or RVI transformed data are

used. A sine correction factor is simple to implement. Implementation should

remain the option of the user with current knowledge.

The satellite data-range adjustment of Landsat-3 data to Landsat-2 was plotted

with sun-angle standardization for this study, creating some confusion. The

Landsat-3 calibration factors for the study have been thoroughly tested, and

the factors are easy to implement. A statistical study should be done,

however, to determine if a satellite adjustment makes a significant difference

in the Landsat data crop profile; the adjustment may be insignificant.

The ATCOR correction tends to smooth the data. The sun-elevation angle used

as reference, 39 0 , induced a large correction similar to that noted for the

sun-angle correction factor discussed in the previous paragraph. There is no

external standard for comparison of the ATCOR correction. The LACIE/AgRISTARS

film products do not exhibit haze well. However, for the consecutive days 136

(haze) and 137 (clear), using data from sample segment (s.s.) 1461, the ATCOR

program estimated haze values of 0.55 and 0.26 respectively.
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ATCOR lowered the data value for day 1:36 with as lame adjustment, but lowered
the value for day 137 very little.  This is the dosi red correction similarly,
on s.s. 1636, a haze estimaate of 0.74 corresponded to ,a visually hazy acquisi-
tion on clay 117; the data values were lowered markedly by ATCOR, Negative
haze estimations may have occurred in segments where there are clouds (for
example, s.s. 1467, nays 100 and 101; s.s. 1653, day 1 90 ; s.s 1920, day 271).

These negative values may have indicated that the darkest pixels in the segment
were pixels of cloud shadow - emitted energy only. Since the haze estimation
was formulatod for reflected radiance, the estimate would have been invalid in
this case. Negative haze estimates also appeared on the imagery for s,s. 1844

acquisitions ?65 and 266, where there were no visible clouds. The application
of ATCOR affected the MSS channel crop profiles most markedly; the AVI and the
greenness profiles were affected less; they raatioed profiles were changed the

least; occassionally, a peak greenness value of RVI would be lowered by ATCOR,
perhaps because of the method of calculating back,tround reflectance.

More investigation of the ATCOR correction should he dune before implementa-
tion of the technique; it aippeaars to he beneficiaal to crop profile work unless

use of a ratio transformation renders it unnecessary.

13.2 RECOMMIFNPATIONS

Based on this study the following recommendations are presented:

1. Understanding the data collection systom is essential for effective use
of satellite data. Sources of data distortion, as well as the prepro.

cessincl techniques proposed for reducinn the? effects of these sources,
should be researched prior to the definition of sui t,aahl o applications of

saatellite data.

Rk Ct1MMODATION: A study similar to this should hey Bono can they advanced
very hi qh resolution radiometer (AVHRR) system of data collection used by

the? National Oceanic and Atmospheric Administration (NOAA) satellites,

the NOAA-6 and NQAA-7.

2. This study illustrates the sensitivity of different data transformations
to specific, applications. The raw channel values retaain references to the
defined physical sieani ficance of t:he MSS channel values.

8-:3



RECOMMENDATION: In archiving data, rivd "ASS channel values, untransformed

and without preprocessing additional to that done at GSFC, should be

saved in order to preserve maximum flexibility of data use.

3. The preprocessing techniques routinely applied to Landsat data for LACIE/

AgRISTARS are designed to compensate for known conditions of data collec-

tion and are correlated to measurements made onboard the satellite.

Further preprocessing to emphasize sped fic features of the data, or to

reduce "confusion" factors, should remain the option of the user. Data

distortion is defined by the use of the data, wide spectrum usefulness of

the data could be limited by increased preprocessing.

RECOMMENDATIONS: No addition should be made to the preprocessing tech-

niques routinely applied to Landsat data at GSFC. Additional techniques,

defined as desirable for a specific purpose, should remain the option of

the user.

4. Based upon the evidence from this study, use of a ratio-type data trans-

formation lessens the need for application of currently proposed prepro-

cessing techniques. Specifically, the potential for error caused by

omission of preprocessing is less when using data transformed by trans-

forms such as the VI or RVI.

RECOMMENDATION: A ratio-type data transformation is preferred for gener-

ation of crop profiles of reflectivity versus time to be used in agricul-

tur&l research with satellite data.

5. The ATCOR program developed at the Johnson Space Center (JSC) by Lockheed

Engineering and Management Services Company, Inc. and the XSTAR program

developed by the Environmental Research Institute of Michigan (ERIM) are

two of the most significant methods now, in use for defining multiplica-

tive and additive preprocessing algorithms by using a few characteristics

of the Landsat data to drive a mathematical model (ref. 2). The XSTAR

algorithm is based on the premise that haze will cause data transformed

by the Kauth-Thomas rotation to be shifted in the negative "yellow"

direction, away from its haze-free position in data space. The XSTAR

algorithm is used with a sun-angle correction (cosine of the solar zenith

angle reference to a solar zenith angle of 39°) and a screening process
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whi ch rvrlaavt'% 4 eiarhl end da ta , clouds,  water, and cloud 41 ► ;► ctow.	 The ori m

nal intent of this study was to examine  the> results of an XSTAR corrvc-

tion as was eione with A1COR. Howv y or. ,a research version or the most

current unhlvmontatiean of this method was not available at the time of

the study.

ltlt`ti ft[`iIMPATION: When a y ailahits, elr,ahhs should hey gonorltod to Illustrate

they offvct of the XSTAR We correction al tiori thm on rhea data set used in

this  study.

h.	 The sequence of acquisitions used for this study indicates a view-anglP-

de pendent d ifference in data range; i .e. , the :second day of consecutive

dates tends to he lower.

Ri vorivirNli t TION: They offvc t of satvl l i to view angl o on Landsat data

should he quantified and evaluated statistically using the consecutive-

day data sca t dofined for this hrojoct.

This stud y indicates that Sun-angle s MtNe`t"; contribute siunificantly to

they apparent crop profiles when they MSS channels, a subtractive transform,
or kauth eiroonrivii in gra hhod versus time. Graphs stand, ► rdizvd to 511

sun elevation were created for this tasl, as weil as they 300 rorvrt'nco

pro g ontod in the study.

I, tCOMMlNI)AI' lON: 	 The y offoct of applNir a g a 4'tno correction factor to

standa rdi:o Sun-olovation anqlo in the use or crop prorilos should tae

quantified and ovaluatvd statistically usinet data eionoratod for this

surety.

11°eOR voNficionts area availblo to OandarWo the data sot used in this

study to optical depths of 0.1, 0. 3, and 0.4.	 This material should hey

ana l y , od for clin g i Oone \` of they Aft OR it land and i at i ern method.

Itl COMMf Nla A iltiN: They effect of standari: inet data to var y i nei We lovol s

using the^Al'COR prooram should bey quantified and ovaluatead statistically,

usin g data generated for this study.
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9. The benefits of applying an intersatellite adjustment factor to the MSS

channels, and to data transformed by the AVI or the Kauth greenness, are

uncertain. The factors used in this study have been used extensively

with acceptable results. More rigid statistical evaluation should be

done on the necessity for applying this adjustment, however.

RECOMMENDATION: A statistical study should be done to assess the signif-

icance of the difference in the data ranges of Landsat-2 and Landsat-3;

an adjustment may not be necessary.

10. This study focused on evaluation of methods of alleviating the effects of

some types of data distortion on channel data and on data transformed by

selected methods. Results were definitive enough to support conclusions

on useful methods to reduce data distortion, which is a source of confu-

sion in the interpretation of crop profiles. The techniques used for

this study could be applied to examining the effects of, for example,

plant phenology on MSS channel and selectively transformed data with

analogous results.

RECOMMENDATION: Channel and transformed data should be used, in a manner

similar to that used in this study, to graph a data set affected by known

agrometeorological episodic events, and the results subsequently should

be evaluated.

11. Global standards (i.e., ground observations) should be defined for vari-

ous land uses. This would benefit research in the area of atmospheric

effects.

RECOMMENDATION: Accurate ground-lev ,0 measurements taken at the same

date, the same target, and the same view angle as those of the satellite

should be made for comparison with both Landsat and Metsat data and for

validation of the ATCOR model.

12. The effect of background reflectance on reflectance from the target and

the effect of target-dependent differences in detector response may

possibly be reduced by using the RVI or VI of a field divided by that of

the segment. This use of ratio is analogous to the reduction of the

effect of difference in sun-angle, satellite, and some atmospheric

effects by use of channel ratio. In this case, the background reflec-
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tance of the scene and the field would have some overlap as would the

geometry of the target (terrain elevation similarity, for example).

Hence ratio of field mean to segment mean might reduce these effects.

RECOMMENDATION: The effects of spatial division should be assessed in

much the same way that spectral division has been assessed in this study.



9. CONCLUSION

The effectiveness of using transformed data to reduce the need for prepro-

cessing techniques is encouraging. The results of this study indicate that,

with current knowledge, use of transformed data - especially ratioed data - is

the most practical method of reducing the effects of the sources of error,
hence increasing the signal-to-noise ratio, in Landsat data to be used for

identification of agricultural scene components.
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APPENDIX A

DISCUSSION OF THE SUNLIGHT-TO-DIGITAL-COUNTS CONVERSION
OF LANDSAT DATA

The intent of applying preprocessing techniques to Landsat data is to

minimize the detrimental effects on the data which occur in the conversion of

sunlight to digital counts. Definition and application of effective prepro-

cessing techniques require examination of the potential sources of error (or

data distortion) in this conversion. Error sources can be divided into two

categories: atmospheric conditions and viewing geometry. These categories are

interdependent as well as wavelength dependent, so neither category can be

treated separately with precision. Atmospheric conditions affect the entire

data path and confound any precise measurement of geometric effects.

Similarly, viewing geometry is a factor in the effect of the atmosphere on the

data. Atmospheric factors have a different effect in the different MSS chan-

nels, and geometric factors also tend to produce different effects in each MSS

channel. This wavelength dependent difference is, however, an integral part

of the scene identification process; it is mentioned here to emphasize that a

channel-consistent correction factor cannot be assumed to be adequate for

complete error removal. Atmospherically based sources of error have not been

effectively quantified to date; potential error sources based on the geometry

of the viewing system are examined in this appendix.

Figure 2.1 illustrates the data flow. The resultant Landsat data con-

tains significant, but largely undeterminable, alterations to the data from

both known and unknown sources. Error characterization and reduction is

important to assure that detected radiation differences exceed system noise,

and hence that terrain classification can be unambiguous. It i!, important to

remember that the application of the Landsat data determines the definition of

the term "error". The terms "data distortion," "source of error," "'error,"

and "noise" are viewed as equivalent and all refer to "results of the condi-

tions under which Landsat data are collected." In the following discussion,

the presence of atmospheric and wavelength dependent differences as confusion

factors is assumed, and these are not mentioned in the path of sun radiance

through the system geometry illustrated in figure 2,1.
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Within each subsection below, the potential source of error is described,

and relevant known information is presented. Possibilities of reducing the

error are discussed. Discussion of the sunlight-to-counts conversion is divided
into two sections: (1) target reception and reflection and (2) satellite

reception and transmission.

IRRADIANCE AND TARGET REFLE CTANCE

Incoming solar radiation to the target depends upon wavelength, atmos-
pheric conditions, and solar elevation; outgoing radiation reflected from the

target is, in addition, dependent upon the spatial and spectral reflectance
properties of the target.

SUN-ELEVATION ANGLE

Changes in solar elevation angle cause variations in the lighting condi-

tions under which imagery is obtained. These changes are due primarily to the

north/south seasonal motion of the Sun. At certain times of the year, imagery

is not obtained in the high latitude regions of the earth because of in

adequate scene illumination. "At solar elevation angles greater than 30°, it
is expected that all scenes can be satisfactorily imaged; normally, no attempt

is made to obtain imagery for solar elevation angles less than 10 0 " (ref. 5).

The actual effect of changing the solar elevation angle on a given scene

is very dependent on the scene itself. For example, the intrinsic reflectance

of sane is significantly more sensitive to changing solar elevation angle than

are most types of vegetation.

Sun elevation angle is listed in the header information supplied with

each acquisition image. With current knowledge, some estimations of sun angle

correction factors for direct application to the data are possible. Multi-

plying by a sine, or cosine, factor can be used to normalize the data to a

fixed solar angle.

The ERIM atmospheric correction program XSTAR has been suggested more as

a correction for the sun-angle normalization procedure than as a complete

atmospheric correction. ATCOR, a Lockheed-developed haze correction algo-

rithm, is proposed as an improvement over the cosine sun-angle standardization
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and has been applied for this purpose. Use of a ratio-type data transforma-
tion reduces the effect of sun angle on the data.

TARGET REFLECTANCE

Target reflectance is a function of sun/atmosphere irradiance with the

spatial and spectral properties of the target. Geometrical variation of the
target will affect the reflectance and absorption of sunlight and the signal

dispersion, and this geometry-dependent variation is different for each of the

spectral wavelengths. Spectral characteristics of the target material also

affect the reflectance and absorption of the sunlight. These spatial and

spectral characteristics are central to the target identification process.

Background reflectance contributes an unknown amount to the target reflec-

tance, and for the unknown mixture of reflectance properties over most of the

Earth's surface, too little is known to attempt definitive correction. Use of

ATCOR may reduce the effects of background reflectance, as may use of data

ratioing.

REFLECTED RADIANCE AND SATELLITE TRANSMISSION

Reflectance from the target is altered by the reflectance of the

surrounding background scene and by atmospheric effects. The reflected

irradiance is then affected by (1) the satellite view angle, (2) the sensor

configuration and sensitivities, (3) the resolution of the sampling method,

and (4) the digitization required for transmittal to ground receiving

stations.

The satellite sensor characteristics; The multispectral scanner (MSS),

that produces a continuous strip image of the Earth in various spectral bands

as it continually scans the earth in a swath perpendicular to the Landsat

orbital track. Scanning is accomplished in the crosstrack direction by an

oscillating mirror; satellite motion along the orbit provides the along-track

scan.

Landsat-1 through Landsat-3 were planned for sun synchronous orbits,

570 miles above the earth, 14 orbits per day, and 18-day coverage cycle.

Repetitive image centers are maintained to within 20 n.m.; planned orbit over-

lap varies from 14 percent at the equator to 85 percent at 80 0 latitude. In
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the overlap regions, coverage is on consecutive days, 14 satellite revolutions

apart.

SATELLITE VIEW ANGLE

Satellite view angle - variation across the flight path - is the means by

which radiance reflected from the Earth is measured. Sensor outputs are

dependent upon the instantaneous view angle corresponding to each output.

Coverage in the overlap regions described above is taken with different satel-

lite view angles.

Since the Landsat MSS scans a swath of 100 n.m. width on the ground from

a height of 570 n.m., the view angle varies between -5.78 and 5.78 degrees.

The view angle change for consecutive day coverage, same geographical area, at

a latitude of 35 0 to 45 0 is 7 0 to S°. Using consecutive day data, ground

conditions are very similar and the sun angle has changed very little, while

the change in viewing angle is the maximum possible. Sensor outputs are

generally smaller on the second day. Average sensor response for agricultural

areas is approximately 5 percent lower on the second day acquisitions as com-

pared with the first. On the first day, Sun and sensor will be on the same

side of the target, the sunny side; on the second day, tliu, sensor will be on

the opposite side of the target from the Sun, i.e., the shady side: this may

cause some of the reduction. The reduction is scene content dependent and

wavelen gth dependent, and it will depend also on the nature of the target and

on target geometry. For example, reflectance off lakes may increase on the

second day because of mirror-image reflectance ofT the water.

Experimentation with ground based measurements (ref. 6) indicates that

the largest variations with satellite view angle will occur outside the sun

elevation range of 30° to 500.

Normalization of the satellite view angle could be done directly (in a

manner similar to the sun angle approach), although appropriate parameters

have not been defined for doing this. Response variation due to change in

view angle is apparently small; use of data ratioing will decrease the effect.
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SENSOR CONFIGURATION AND SENSITIVITIES

The Landsat MSS responds to Earth reflected sunlight in four spectral

bands:

Landsat band MSS channel Wavelength	 ( m) Spectrum

4 1 0.5 to 0.6 visible green

5 2 0.6 to 0.7 visible red

6 3 0.7 to 0.8 infrared

7 4 0.8 to	 1.1 infrared

Relative reflectance in these bands is an indication of scene content.

Scanning is accomplished by means of an oscillating mirror between the ground

scene and a double reflector telescoping type of optical chain. The mirror

scans the crosstrack field of view as it oscillates about its nominal

position. Potential Error sources in sensor performance include (a) the

difference in sensor sensitivity for the different channels, (b) the incon-

sistency in data acquisition caused by sensor configuration and (c) the

variations in detector response within a sensor. The technique used to

calibrate the sensor is also a potential source of error.

Each MSS spectral band utilizes six detectors. Photomultipliers are used

in channels 1, 2, and 3; channel 4 uses silicon photodiodes. This difference

in receptor defines a difference in the subsequent treatment of data acquired

by MSS channel 4 from that acquired by MSS channels 1, 2, and 3. Detectors

are coupled to the focal plane of the MSS optical system by means of square

optical light pipes. These pipes conduct the radiance at the focal plane to

optical filters immediately preceding each detector; the filters are identical

for all detectors in a given spectral band, but unique for each spectral band.

Six scan lines are scanned at once with a slight sequential effect for

each sensor. That is, the data in the various spectral bands (MSS channels)

are acquired sequentially and not instantaneously, although data acquisition

is within 65 microseconds (Landsat-1 and Landsat-2). Compensation for such

differences as scan line length (variable due to mirror motion variation) are

made in the GSFC geometric corrections (appendix B). The spectral effects of
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sequential acquisition (i.e., the data from each MSS channel may not be based

on exactly the same ground area) are unavoidable.

Each of the 24 light pipes conducts a square area of image radiance at

the focal plane onto an individual detector. Within-channel equality of

detector response to equal input is maintained by the calibration-data-based
x

radiometric corrections applied at GSFC. However, although the detectors

witt , in a channel are calibrated to a standard response, the consistency of

detector response within an MSS channel seems to be dependent upon the

variation of the target (ref. 7); a spectrally flat target such as white sand

will cause uniform detector response; a vegetative target will cause more

variation in the response of the six detectors within each channel. There can

be significant differences between the six detectors 6,r a single channel;

however, the instrument response functions are assumed equal for the detectors

within an MSS channel.

The average response curves for the MSS channels are different on differ-

ent Landsats. To select the worst case: At a wavelength of 0.52 m, the

responses for the Landsat 1 MSS are about 0.87 and 0.94 for channels 1 and

3. The corresponding values for the Landsat 2 MSS are 1.0 and 0.76.

Detector-to-detector variations in the spectral response within a given band

can produce as instrascan line striping, i.e., "an error in spectroradiometric

response between detectors as high as 16 percent for images of vegetation"

(ref. 8).

More accurate definition of the detector response curves, or calibration

to a vegetation-simulation rather than barium sulphate, have been proposed to

reduce target-dependent striping effects. Removal of any target-dependent

differences in detector response is not really feasible since each scene con-

sists of a variety of targets. The effect of target-dependent differences in

detector response may limit classification accuracy.

SENSOR CALIBRATION

Calibration of the MSS is done onboard using a continuously variable

neutral density filter and a calibrated light source. During the mirror

retrace period, the radiance from the Earth scene is blanked out by a
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mechanical shutter. The sensors are then exposed to a rotating variable

neutral density wedge optical filter illuminated by an internal light

source. The Sun is used to calibrate the internal lamp when the spacecraft is

at a nearly polar position. As the spacecraft orbits the earth, coming from

the dark side, the spacecraft is illuminated by the suo before sunlight

reaches the surface of the Earth. Thus the sun calibration can be done with

dark Earth as a background. Detector calibration then, is done on every other

retrace interval of the scan; calibration information for the light source is

collected once each orbit. Since calibration information is obtained on the

detector level, there is a check on the relative detector radiometric

response, and it is possible to equalize gain changes which may occur in the

six detectors of a spectral band. Adjustment for changes in calibration lamp

radiance can also be made. Calibration data is encoded and transmitted with

the reflectance data. Radiometric corrections based on the calibration data

are applied as part of the preprocessing techniques done at GSFC (appendix B).

SPATIAL AND SPECTRAL RESOLUTION OF THE SAMPLING METHOD

The analog signals produced as output by the 24 detectors are sampled,

digitized, and formatted into a serial digital data stream by a multiplexer.

The sampling interval is constant (9.95 sec). However, the output is not

exactly consistent due to several perturbations: variations in spacecraft

attitude and motion, Earth rotation effects, and variations in mirror motion.

The spatial sampling variations are reflected in the spectral resolution of

the sampling.

"The nominal instantaneous field of view (IFOV) of each detector is
79 meters square as determined by the focal length of the telescope, the

nominal altitude of the spacecraft and the dimensions of the light pipes at	 14

the focal plane" (ref. 5). For Landsats 1, 2, and 3, because of slight

differences in focal length and fiber core sections, actual IFOV's are

76.1 t.4 for Landsat-1, 76.3 t.4 for Landsat-2, and 76.2 *.7 for Landsat-3.

Effective IFOV, instead of the nominal 79 meters, is approximately

56 by 79 meters: 56 meters of new information and 23 of overlap. The spatial

resolution is often given as 79 by 57 meters, or 1.1 acre in size, but this

does not mean the area of the ground instantaneously sampled by a single
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detector. According to the system geometry, at any instant the ground pro-

jected IFOV is more nearly 76 x 76 meters, or 1.43 acres. These nominal

spatial resolution figures are necessarily approximate since the variable

spacecraft altitude and motion and the mirror velocity affect the physical

arrangement of the sensor and the sampling process. Neglecting the atmos-

phere, the output signal from the detector is proportional to the radiance of

the IFOV plus the surrounding area included by the spread function of the

optics, This is a circular area about 30 meters in diameter, so each area

sampled on the ground will contain some flux from at least 30 meters beyond

the ground projected IFOV of 76 by 76 meters.

The perturbations causing the nonconstant effects are neither predictable

nor avoidable, so the consequent errors are probably unavoidable. These

errors simply reflect the fact that the MSS is not ideal.

ANALOG TO DIGITAL CONVERSION AND DATA TRANSMITTAL TO EARTH

The digitization process preparatory to data transmission to Earth

converts the analog signal from the detectors to digital values in the range

0.5 to 63. All values between i - 0.5 and i + 0.5 are mapped to

i , where 
i 
is an integer in this range. From this point on, the integer

values are the level of sensitivity available in the data.

The analog output from each of the 24 detectors in the MSS is sampled and

multiplexed into a pulse amplitude modulated (PAM) stream. The samples can be

transmitted directly to the analog-to-digital (A/D) converter for encoding or,

for MSS channels 1, 2, and 3, can be directed to a quasi-logarithmic signal

compression amplifier. A high-gain option can be selected for scenes pro-

ducing low sensor irradiance. The analog processing options are selected by

ground command. Landsat/AgRISTARS data use low-gain mode; signal compression

is chosen for channels 1, 2, and 3, linear quantization for channel 4. The

photomultiplier detector signal-to-noise performance is improved by

compression; the signals in channel 4, derived from silicon photo diodes, are

never compressed.

After analog processing, all data are encoded into six-bit digital words;

six-bit encoding is used regardless of whether the data is linearly processed
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or compressed. There are two signal compression amplifiers in the spacecraft:

one is used to process sensor data from MSS channels 1 and 3, and the other is

used for channel 2 data. Sensor signal amplitudes are represented in 64

discrete steps, integer values U, 1, 2, 3, 	 63.

If the satellite is within transmitting range of one of the U.S. recep-

tion facilities (in Maryland, California, and Aiaska) at the time of acquisi-

tion, the data are transmitted immediately over Domsat. Otherwise, the data

are recorded onboard for later transmittal when a station is within range.
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APPENDIX B

PREPROCESSING OF LACIE/AgRISTARS LANDSAT DATA AT GSFC

PREPROCESSING AT GSFC FOR THE LACIE/AgRISTARS PROJECTS

At GSFC, the data is reprocessed, framed as individual scenes, and

encoded on tapes for delivery to JSC. The MSS data, digitized onboard the

satellite and transmitted and recorded in digital form, are (1) decompressed

(if compressed), (2) corrected radiometrically to reduce the effects of non-

uniform responses of the scanner sensors, and (3) geometrically corrected for

distortions caused by the sensor and spacecraft, and subsequently registered.

The images are then framed to be spatially coincident with Return Beam Vidicom

(RBV) camera system data, and the LACIE sample segments are extracted.

DECOMPRESSION OF DIGITIZED VALUES

If data are acquired in the compressed mode, decompression is done before

calibration. Each image is annotated to indicate the setting of compression

and mode. LACIE/AgRISTARS data are recorded compressed for MSS channels 1, 2,

and 3, and linear for channel 4; low-gain mode is used for all channels.

Decompression is done by a table look-up routine. Input values of O to 63 are

output as 0 to 127; the 6-bit encoding used for transmission is decompressed

into 7-bit. Since compression for channels 1 and 3 is different from that for

channel 2, two decompression tables are given for each of the Landsats.

Before calibration, omitted values are not used; after calibration, different

values may be used. For example, a comressed value of 53 for channel 2

Landsat-3 data will be decompressed into the value 98. Calibration data

(decompressed also using these tables) determine gains and offsets which are

applied to the decompressed values and may change 98 to a different number.

Over the entire Landsat image, for all MSS channels, all the values from 0

through 127 may be used.

RADIOMETRIC CORRECTIONS

From an internal calibrated light source, the response characteristics of

the individual detectors are obtained and compared with an internally gener-

ated calibration wedge. The calibration wedge radiance versus word count
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responses are then derived for each detector in eact, spectral band. The

calibration wedge is used to define any change (gain and offset) in detector

response. The radiance level of the Sun is used to calibrate the light source

(ref. 9). Radiometric calibrations (gains and offsets) are computed and

applied to bring the responses of the six individual detectors in a spectral

band to a common model (mismatching is evidenced as striping on the image).

"It should be noted that the radiometric correction process is not uniquely

reversible because of computational round-offs and dual entries in the

decompression tables" (ref. 10) even if the gain and offset values are known.

Figure B-1 (ref. 9) illustrates the algorithm for MSS radiometric

calibration. In the algorithm, a and b are determined from the calibration

data collected for each scan line (i.e., for each detector). From preflight

calibration tests, the radiance at selected word counts and the maximum

radiance to be assigned to each spectral band were determined. There is a

tendency toward long-term drift in the MSS detector response and in the

calibration lamp radiance; m and A in the algorithm are detector-dependent

parameters used to control long-term drifts in detector response. At launch,

M is equal to 1 and A is equal to 0 in the algorithm. Rmax is the maximum

radiance assigned to a specific spectral band, and that value produces a

digital count of 63 for linearly acquired data and a digital count of 127 for

decompressed data. (In a similar manner, Rmin is the minimum radiance and

produces a count of 0.) For Landsat 2 and Landsat-3, the prelaunch calibra-

tion did not fully utilize the dynamic range capabilities of the sensor; hence

the amount of input allowed for constant output of 0 to 127 or 0 to 63 was

changed. Postlaunch radiometric calibrations were defined.

During the period January 22 to July 15, 1975, all CCT's (Landsat-2 data)

were produced using the prelaunch analog to digital calibration. Effective

July 16, 1975, all CCT's except those processed for LACIE were calibrated

using the postlaunch calibration (ref 17). LACIE segment imagery continued to

use the prelaunch calibration. During the period 1977 to 1978, an intent was

expressed to switch the LACIE processor to the postlaunch calibration

(ref. 11). However, no reference has been found to confirm that the post-

launch calibrations were ever used on the LACIE data. Consequently,
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algorithms in use at JSC are based on an assumption of prelaunch calibration

only on AgRISTARS Landsat-2 data.

The film products produced from Landsat data are relatively insensitive

to these radiometric calibrations; however, it is imperative that calibration

information be available for numerical work. Currently, the full-frame CCT's

from EROS, Landsat-2 acquisitions, require calibration adjustment to be

compatible with the Landsat-2 segment data extracted from the full frames for

LACIE.

GEOMETRIC CORRECTIONS

The attitude control system (ACS) of the satellite provides spacecraft

alignment to a very close tolerance. However, variations do occur, and these,

along with the effects of Earth rotation, cause a slight distortion in the MSS

images. Data for "MSS geometric calibrations are derived from three sources:

(1) preflight measurements of the time/displacement characteristics of the

scanning mirror assembly, (2) preflight measurement of the spatial relation-

ship of the individual detector fiber optics in the focus plan of the scanner,

and (3) line length data codes contained in the MSS data after each mirror

sweep" (ref. 9). Based on this information, data can be corrected for:

o line length variations due to variation in the size and number of pixels

per line (a function of the mirror velocity)

o channel-to-channel offset in the along-scan line direction resulting from

the physical layout of the detectors

o Earth rotation

o detector-to-detector sampling delay caused by mirror motion

The raw image data are also transformed to a standard map projection,

either the Space Oblique Mercator (SOM) or the Hotline Oblique Mercator (HOM);

or (as options) to the Polar Stereographic (PS) or Universal Transverse

Mercator (UTM), based on a correction grid. This produces "an output image

with known pixel locations. The analogy of stretching a sheet of rubber over

a gridwork of pins describes the result quite well, although the process is

entirely mathematical" (ref. 12).

t.
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The MSS is a continuous scanning device, which produces a continuous

record. Full-frame images are constructed by cutting this record into pieces

corresponding to an RBV camera system frame; that is, the RBV time is used as

a reference. Overlap is provided and is made possible by writing MSS scan

lines twice (once on each of two adjacent frames) and corresponds to an area

of nautical miles 8.8 on the ground.

The MSS sensor operates at a rate that produces pixel overlap within scan

lines. This pixel overlap, like the actual number of pixels per scan line

(tolerance about 7 pixels), varies because of variation in mirror motion. The

scanner samples pixels whose centers are approximately 57 meters apart; these

are subsequently treated as independent pixels measuring 57 by 79 meters. The

correlation from the overlap is ignored.

LACIE specified sample segments are extracted from the full frame data;

correlations are performed to ensure registration to within 1 pixel between

successive data acquisitions.

g-5
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APPENDIX C

EROS DATA QUALITY ASSESSMENT

Full-frame imagery (100 nautical miles square) is screened for cloud

cover and data quality at EROS. These assessments for the full frames asso-

ciated geographically with the site data set are presented in table C-1. For

each sample segment, the EROS cloud cover assessment and the channel quality

estimates are given for each acquisition. Path/row designations for the

full-frame images are noted.

EROS quality estimates are given in code for individual channel images.

An "8" code refers to an image in which there are some very minor digital

defects; a "5" code refers to an image which ;Oas minor defects, some of which

may affect the usability of the image. A "2" code indicates an image that has

major defects, or possibly an array of minor errors that compound each other.

A rating of "0" indicates that data discontinuity and shifting have occurred

in large areas of the scene. The defects referred to in the quality codes, it

should be noted, are digital and electronic but do not necessarily refer to

the spectral quality.
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TABLE C-1.- EROS FULL-FRAME DATA ASSESSMENT

ERPS cloud
EROS quality estimate

Segment/
location

Acquisition
date

cover assess- Channel Path/row
meet, % 1 2 3 4	 5

1830 115 10 8 8 8 8	 * 31/29
169 0 8 8 8 8	 * 31/29

Kimball, 196 10 8 8 8 8	 * 31/29
Nebraska 204 0 8 8 8 8	 * 30/29

205 10 5 5 8 8	 * 31/29
222 10 8 8 8 8	 * 30/29
231 0 8 8 8 8	 * 30/29
232 10 8 8 8 8	 * 31/29
241 10 8 8 8 8	 * 31/29
249 10 8 8 2 8	 * 30/29
268 10 5 8 8 8	 * 30/29

118 50 8 8 8 8	 * 34/26
136 10 8 8 8 8	 * 34/26
137 10 8 5 8 8	 * 35/26
154 20 5 8 8 8	 * 34/26

1461 155 10 0 8 0 8	 * 35/26
190 40 5 8 8 8	 * 34/26

Pierce, 199
North 208 1130 8 2 8 8	 * 34/26
Dakota 209 50 8 8 8 8	 * 35/26

217 0 5 5 2 8	 * 34/26
218 10 5 8 8 8	 * 35/26
236 10 0 8 8 8	 * 35/26
263 60 8 8 8 8	 * 35/26

1467 136 10 8 8 8 8	 * 34/36
137 10 8 5 8 8	 * 35/26

Towner, 154 20 5 8 8 8	 * 34/26
North 155 10 0 8 0 8	 * 35/26
Dakota 190 40 5 8 8 8	 * 34/26

191 20 8 8 8 8	 * 35/26
199 40 5 8

e
8	 * 34/27

200 30 8 8 5 8 35/26
208 30 8 2 8 8	 * 34/26
217 0 5 5 2 8	 * 34/26
218 10 5 8 8 8	 * 35/26

1636 117 30 8 8 8 8	 * 33/27
135 0 8 8 8 8	 * 33/27

Stutsman, 136 0 8 8 8 8	 * 34/27
North 154 10 5 8 5 8	 * 34/27
Dakota 190 20 5 8 8 8	 * 34/27

207 10 8 5 8 8	 * 33/27
208 10 8 2 8 8	 * 34/27
216 0 5 8 8 8	 * 33/27
217 0 5 5 5 5	 * 34/27
226 70 8 8 8 8	 * 34/27
243 10 5 5 8 8	 * 33/27
270 10 8 8 S 8	 * 33/27
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ERPS cloud
EROS quality estimate

Segment/
location

Acquisition
date

cover assess- Channel Path/row
ment, r 1 2 3 4 5

1653 101 70 8 8 8 8 * 35/27
119 40 8 8 8 8 * 35/27

Henry, 136 0 8 8 8 8 * 34/27
Indiana 137 10 8 8 8 8 * 35/27

154 10 5 8 8 8 * 34/27
155 10 0 8 8 8 * 35/27
190 20 5 8 8 8 * 34/27
191 30 8 8 8 8 * 35/27
199 40 5 8 8 8 * 34/27
208 10 8 2 8 8 * 34/27
1209 10 8 8 8 8 * 35/27
217 0 5 5 5 5 * 34/27

1920 101 50 8 8 8 8 * 35/28
136 10 8 8 8 8 * 34/2.

Sioux, 137 30 8 8 8 8 * 35/28
North 199 30 8 8 8 8 * 34/28
Dakota 209 0 8 8 8 8 * 35/28

217 0 5 5 2 5 * 34/28
218 0 5 8 8 8 * 35/28
236 40 5 8 8 8 * 35/28
271 70 8 8 8 8 * 34/28

141 086 0 8 8 8 8 * 29/31
103 10 8 8 8 5 * 28/31

Madison, 130 10 8 8 8 8 * 28/31
Iowa 166 40 8 8 8 8 * 28/31

167 20 5 8 8 8 * 29/31
212 40 5 8 5 8 * 29/31
220 30 5 5 5 5 * 28/31
221 10 5 8 8 8 * 29/31
256 90 8 8 8 8 * 28/31
265 10 5 8 8 8 * 28/31
266 0 8 8 8 8 * 29/31
274 0 8 8 8 8 * 28/31
292 0 8 8 2 8 * 28/31

180 107 0 8 8 8 5 * 23/30
116 10 5 8 8 8 5 23/30

Kent, 117 0 5 8 8 8 * 24/30
Michigan 180 10 5 8 8 8 * 24/30

197 20 5 8 8 5 * 23/30
198 50 5 8 5 8 * 24/30
215 40 5 8 8 8 * 23/30
225 30 5 5 8 5 * 24/30
233 10 5 8 8 8 * 23/30
234 10 8 3 8 8 * 24/30
243 10 5 8 8 8 * 24/30
269 10 8 8 8 8 * 23/30
305 0 8 8 8 8 * 23/30
306 0 8 8 8 8 * 24/30
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ERPS cloud
EROS quality estimate

Segment/
location

Acquisition
date

cover assess- Channel Path/row
ment, % 1 2 3 4 5

184 104 10 8 5 8 8 * 29/29
130 10 8 8 8 8 * 28/29

Goodhue, 131 10 8 8 8 8 * 29/29
Minnesota 157 10 8 8 8 8 2 28/29

220 40 8 8 8 5 * 28/29
221 10 8 8 8 8 * 29/29
229 10 5 8 8 8 * 28/29
247 10 8 8 8 8 * 28/29
265 10 5 8 8 8 * 28/29
266 0 5 8 8 8 * 29/29
274 10 8 8 8 8 * 29/29

205 093 20 2 2 2 2 * 27/32
101 10 8 8 8 8 * 26/32

Clark, 137 40 5 8 8 8 * 26/32
Missouri 138 10 8 8 8 8 5 27/32

155 10 5 8 8 8 * 26/32
156 10 5 5 5 8 5 27/32
209 50 8 8 8 8 * 26/32
218 10 8 5 8 8 * 26/32
219 10 8 8 5 8 * 27/32
246 10 8 5 8 8 * 27/32
272 30 5 8 8 8 * 26/32
28?
290 10 8 8 8 8 * 26/32
308 0 8 8 5 8 * 26/32

Z1 22 080 0 5 8 8 8 * 32/32
Dawson, 089 0 8 8 8 8 * 32/31
Nebraska 090 10 8 8 8 5 * 33/31

165
10! 1 20 8 8 8 8 * 33/31
198 30 5 8 8 8 * 33/31
206 10 8 5 5 8 * 32/31
207 0 8 8 8 8 * 33/31
224 10 8 8 8 8 * 32/31
225 50 8 8 8 8 * 33/31
234 10 8 8 8 8 * 33/31
243 0 5 8 5 8 * 33/31
251 10 5 8 2 8 * 32/31
252 10 8 5 5 8 * 33/31
270 0 8 8 8 8 * 33/31
278 40 8 8 8 8 * 32/31
288 10 8 8 8 8 * 33/31

i
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Segment/
location

843

Henry,
Indiana

848
Madison,
Indiana

860
Wells,
Indiana

Acquisition
date

088
097
151
152
160
178
197
232
233
251
268
269
304

089
097
107
116
152
160
161
179
197
232
233
251
269
305

088
097
107
116
151
152
160
161
178
197
232
233
251
268
269
304

ERPS cloud
cover assess-

ment, %

10
0

10
20
10
10
10
10
10

0
0
0

10

10
0
0

20
10
0

20
10
10
10
n

0

10

10

0

0

0

10

20

10

10

10

10

10

10

0
0

0

10

4

A

EROS qualit! t .^timate
Channel

1	 2	 3	 4	 5

5 5 8 8
8 8 8 8
8 8 8 8 5
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
5 5 8 8
8 5 8 8
8 8 8 8
8 8 8 8
8 5 8 8

8 8 8 8
8 8 8 8
8 8 8 8
5 8 8 8 5
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
5 5 8 8
8 5 8 8
8 8 8 8
8 8 8 8

5 5 8 8
8 8 8 8
8 8 8 8
5 8 8 8 5
8 8 8 8 5
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
8 8 8 8
5 5 8 8
8 5 8 8
8 8 8 8
8 8 8 8
8 5 8 8

Path/row

22/32
22/32
22/32
23/32
22/32
22/32
23/32
22/32
23/32
23/32
22/32
23/32
22/32

23/32
22/32
23/32
23/32
23/32
22/32
23/32
23/32
23/32
22/32
23/32
23/32
23/32
23/32

22/32
22/32
23/32
23/32
22/32
23/32
22/32
23/32
22/32
23/32
22/32
23/32
23/32
22/32
23/32
22/32

NASA-JSC
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