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ABSTRACT 

The influence of background radiance from surface areas 

outside the ground-projected IFOV of an aircraft sensor was experi

mentally investigated on a 600 x 550 m field, evenly divided between 

mature cotton and bare soil. An aircraft carrying a multispectral 

scanner made passes at 1,000, 8,000, and 16,000 ft AGL, obtaining 

radiance data in the 420-450 nm range. Ground reflectances were 

approximately 0.025 (cotton) and 0.105 (bare soil). At 440 nm the 

atmospheric extinction coefficient was measured to be 0.297. The data 

indicate that a boundary effect may exist, where flux reflected from 

one side of the field is scattered by the atmosphere so as to appear 

to the sensor to come from the adjacent side. Experimental and theo

retical data agreed closely for the cases of total detected radiance 

changes and border radiance values but not for radiance changes 

between altitudes. Thus, a boundary effect may be present, but its 

existence is not clearly proved or disproved. 

x 



CHAPTER 1 

INTRODUCTION 

During the past decade, efforts to analyze earth surface 

features from satellite images have increased dramatically. Unfortu

nately, the earth's atmosphere can significantly affect the signal 

received by any aerospace sensor, whether satellite or aircraft. With 

the advent of Landsat MSS and the newer Thematic Mapper, researchers 

have sought to achieve a better understanding of how the intervening 

atmosphere affects the radiance of surface areas detected by an 

aerospace sensor. 

Early examinations of atmospheric scattering and absorption 

effects assumed a uniform lambertian surface and cloudless sky 

(Herman and Browning, 1975; Otterman and Fraser, 1976; Fraser, Bahethi, 

and A1-Abbas, 1977). Several studies attempted to develop corrections 

for the atmospheric attenuation (Turner and Spencer, 1972; Fraser, 

1974; Turner, 1978), still assuming a uniform surface and using values 

of aerosol optical thickness obtained from satellites. Recently, par

ticular attention has been paid to the influence of background pixels 

on the detected object pixel radiance measured by an aerospace 

sensor. More specifically, a "boundary effect" has been predicted in 

which flux reflected from one surface area is scattered by the 

atmosphere so as to appear to the sensor to be coming from an 

1 
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adjacent surface area. Studies have suggested that when the differ

ence between object and background reflectance values is large, the 

detected radiance values of one area are noticeably influenced by the 

other area's radiance values, especially near the boundary (or border) 

separating the two areas. This boundary or adjacency effect extends 

much farther laterally than the sensor's MTF and produces a blurring 

of the boundary between the two areas (Dana, 1982). 

Pearce (1977) studied effects of the atmosphere on simulated 

Thematic Mapper observations. He showed that nonuniform surface re

flectance patterns outside the sensor's instantaneous field of view 

(IFOV) modify the effect of the atmosphere on the object pixel 

radiance. A Monte Carlo method for simulating the radiative 

transport of solar flux from the sun to the sensor was used in the 

study. The sensor pointed at nadir with a 30 x 30-m ground-projected 

IFOV and was at the simulated altitude of 704 km. Ground reflec

tances were modeled as lambertian throughout the study and a uniform 

(flat) detector response over the IFOV was assumed. For his analysis 

Pearce chose a model atmosphere representing clear normal conditions 

characteristic of the rural Midwest, but omitting ozone absorption. 

The shortest wavelength considered was 470 nm with Rayleigh and 

aerosol optical thicknesses as shown in Table 1.1. 

Pearce tested several dozen combinations of ground patterns 

(semi-infinite planes, checkerboards, and squares surrounded by back

ground fields), reflectances, wavelengths, solar zenith angles, and 
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Table 1.1. Vertical Optical Thicknesses at 470 nm 

T,ext(aeros°l) 

•r'extCKayleigh) T=0 T=1 T=3 

0.18934 0.0 0.24359 0.73076 

T = turbidity 

turbidities. The results presented in Table 1.2 are for a wavelength 

of 470 nm, 40° solar zenith angle, a ground pattern of two semi-

infinite planes, and bright and dark side reflectances (p) of 0.40 and 

0.20 respectively. The percentages listed for the bright and dark 

sides represent the decrease (for the bright side) or increase (on the 

dark side) between radiance values measured 500 m away from the 

boundary and those measured right at the boundary. 

Table 1.2. Percent Change of Radiance 
Versus Turbidity at 470 nm 

Side (p) T=0 T=1 T=3 

Bright (0.4) -0.5 -2.6 -5.3 

Dark (0.2) +0.3 +3.7 +6.6 

T = turbidity 

When reflectances of 0.60 and 0.00 were used, the percentages 

changed significantly. The bright side increased by approximately 

6.6% while the dark side fell by nearly 18% for normal turbidity 

(T=l). On the other hand, when reflectances were decreased to 0.2 and 
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0.15, the percentage changes were well below those of Table 1.1 for 

all turbidities. Also, when the wavelength was increased to 550 nm, 

the percentage changes dropped by more than 35% relative to values 

obtained at 470 nm. 

Pearce concluded that the boundary effect may be measured as 

far away as 1 km from a reflectance boundary. The effect was "due 

primarily to light which has been reflected from the ground outside 

the IFOV and scattered by the atmosphere into the sensor." His 

studies indicated the effect was accentuated by an increase in the 

atmospheric optical thickness (decreasing wavelength and/or increasing 

turbidity). 

Tanre, Herman, and Des champs (1981) also examined the case of 

two lambertian, adjacent half planes. Using a 50-m ground resolution, 

they employed Fourier analysis to define environmental weighting 

functions, rp(r) and F(r), which describe the scale of the boundary 

effect. The term rp(r) gives the "probability that the points on the 

surface separated by a distance r from the object pixel can contrib

ute to the signal" assuming single scattering. F(r) is similar but 

takes multiple scattering into account and is given by 

<xpTp«Fp(r)+ 0RTR*FR(r) 
F(r) = , (1.1) 

apTp + ORTR 

where tr and xp are the Rayleigh and aerosol optical thicknesses and 

depend on wavelength, FR(r) corresponds to the molecular model only, 



Fp(r) is a result of the aerosol profile, and the products cxrtr and 

otpTp are the background pixel transmission efficiencies for the 

Rayleigh and aerosol contributions. Unfortunately, a solar zenith 

angle of 60° was used, which makes numerical comparisons to Pearce's 

results difficult. However, the authors drew the following conclu

sions from the study. First, the boundary effect depends mainly on 

the aerosol optical thickness but, at shorter wavelengths such as 

450 nm, the Rayleigh optical thickness becomes a "major factor 

governing the enlarged background contribution." Second, the single 

scattering model slightly overestimates the transmission terms 

relative to the multiple scattering case. Finally, the horizontal 

scales for the boundary effect are quite different when the molecular 

and aerosol contributions are considered separately. They concluded 

that the effect was present to 10 km for the Rayleigh case while 

aerosol scattering alone was noticed only to 1 km, although they gave 

no numerical data in terms of absolute radiance values for the 

predicted changes. 

Dana (1982) examined background effects using actual Landsat 

MSS data (76-m IFOV and 6-bit resolution). Rather than viewing two 

half planes, he included the average radiance from one or more con

centric rectangles (using regression analysis) surrounding an object 

area that was usually three to five pixels by one pixel. Compared 

with theoretical results, which used solutions to radiative transfer 

equations (from Dave, 1980), the experimental calculations were 

verified. Using both single and multiple scattering approximations, 
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Dana found that "appreciable background reflectance effects extend no 

farther than 1 km" and, for some cases, as little as 500 m from re

flectance boundaries. 

The effect of finite field size on atmospheric correction and 

classification was studied by Kaufman and Fraser (1981). Their simu

lation included 11 agricultural and four natural fields. The results 

indicated that atmospheric corrections that do not take into account 

the finite size of fields will, in most cases, reduce the radiance 

errors produced by background pixels. In other words, the boundary 

effect is underestimated when considering infinite fields relative to 

finite fields. Thus, the classification of actual fields can be in 

error even if current atmospheric correction methods (which assume 

infinite fields) are employed. 

The studies discussed above generally consider the boundary 

effect from only a theoretical or simulation standpoint. Although 

Dana did consider experimental data, the shape of the rectangular 

object areas (only one pixel wide and as long as 17 pixels) prohibited 

analysis of background effects across a single boundary. Also, no 

conclusions could be reached from Dana's work about the effect on 

radiance values of pixels located some distance away from the border. 

In short, no experimental attempt had yet been made to determine the 

extent of the boundary effect across a border separating two fields 

of different reflectances. Therefore, such an investigation was 

undertaken and the present work presents the results of that study. 
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The contents of the remainder of this thesis are as follows. 

Chapter 2 presents an analysis of how the direct, background, and 

atmospheric radiances contribute to the total radiance detected by an 

aerospace sensor. It also includes a treatment of how the background 

radiance contributes to the boundary effect. Chapter 3 covers all 

aspects of data processing involved in the experiment. Sections are 

included on data collection, data selection and description, image 

processing, and data reduction. In Chapter 4 the experimental results 

of the investigation are presented. Chapter 5 examines a comparison 

of theoretically predicted values versus the experimentally collected 

data. Conclusions and recommendations for further study are given in 

Chapter 6. Finally, the Appendix details the computer routines used 

in the data and image processing. 



CHAPTER 2 

ATMOSPHERIC EFFECTS ON SCANNER EDGE RESPONSE 

If there were no intervening atmosphere between an airborne 

sensor and the earth's surface, remote sensing would be a relatively 

simple process. Unfortunately, there is an atmosphere and it creates 

serious difficulties in the collection and interpretation of remote 

sensing data. For example, the reflected radiance of a surface area 

is affected by atmospheric scattering (molecular and aerosol) and 

absorption (water vapor, ozone, and carbon dioxide among others) prior 

to detection by the sensor. Other important influences on detected 

radiance are wavelength, irradiance incident upon the surface and the 

angle of incidence, and the surface reflectance (including BRDF). The 

geometry of measurement, including solar zenith angle and nadir 

viewing angle, also affects the detected radiance as well as sensor 

altitude and the spectral sensitivity of the detector. 

When considering the case of radiance detected over two 

surface areas of different reflectances, previous studies (Pearce, 

1977; Otterman and Fraser, 1979; Kaufman and Fraser, 1981; Dana, 1982) 

have used a similar model for describing the contributions to the 

total detected radiance, Lj. All these studies except Pearce consid

ered three components of Lx as shown in Fig. 2.1 such that 

8 
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Lt = Ld + LA + Li (2.1) 

where 

Ld = direct radiance, that is, light reflected by the target 

directly into the sensor's IFOV. This atmospherically atten

uated component contains the desired information about the 

surface; 

L̂  = atmospheric radiance, that is, light scattered by the atmos

phere into the sensor's IFOV without ever striking the 

surface; 

Li = indirect radiance, that is, light reflected from a surface 

area outside the IFOV and subsequently scattered into the 

IFOV of the sensor. The target's apparent spectral radiance 

is altered by this background contribution and by L̂ . 

Note: All four terms are detected radiances. 

SENSOR SUN 

IFOV 1 DARKER SURFACE BRIGHTER SURFACE 

Fig. 2.1 Contributions to total detected radiance, Lt> 
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All the studies assumed a lambertian surface and a 0° nadir 

viewing angle. Both Eq. (2.1) and Fig. 2.1 consider only the case of 

single scattering. Admittedly, multiple scattering more accurately 

depicts the actual atmospheric situation. The magnitude of all three 

terms may be slightly decreased owing to scattering back out of the 

IFOV. On the other hand, multiple scattering could also increase 

radiance values by introducing flux that would not fall within the 

IFOV under single scattering conditions or even by reintroducing flux 

previously scattered out. The permutations are endless although the 

effect decreases dramatically with each successive scattering. 

Apparently, most studies of the boundary effect have considered the 

rigorous effort required for inclusion of multiple scattering as too 

laborious for the very small gain in accuracy it might bring. 

However, Pearce (1977) did allow for the inclusion of arbitrarily 

higher orders of scattering. 

Additionally, multiple scattering accounts for only a small 

portion of total scattering. Bugnolo (1960) showed the probabilities 

of scattering as a function of optical thickness. For a Text of 0.30, 

the probability of single scattering was 25% whereas that of double 

scattering was <4% and that of triple scattering «1%. 

For these reasons single scattering will be assumed 

throughout this work. Uniform lambertian reflecting surfaces and a 0° 

nadir viewing angle are also adopted. 

In the studies mentioned earlier in this chapter, several 

ground field patterns containing surfaces of different reflectances 
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were tested. Among the patterns examined were two semi-infinite 

planes, a square target embedded within another surface area, and a 

checkerboard pattern. However, they all indicated that the indirect 

term, Lj, came from only one reflectance area, usually other than the 

target. In reality, Lj can originate in any area outside the ground-

projected IFOV (as noted by Pearce). It can come from areas outside 

the IFOV but still within the same reflectance area as well as from 

another area of different reflectance. Considering the simplest case 

of two semi-infinite planes (which will be used for the remainder of 

the derivation), it is clear from Fig. 2.2 that Lj is really the sum of 

two components such that 

LI = lId + lIb (2.2) 

where 

Ljp = indirect radiance contributed by the area of the lower 

reflectance (darker) plane lying outside the ground-

projected IFOV; 

Ljg = indirect radiance contributed by area of the higher 

reflectance (brighter) plane lying outside the ground-

projected IFOV. 

Note that the second subscript refers to either the relatively lower 

reflectance "dark" (D) side or the higher reflectance "bright" (B) side 

of the boundary separating the two planes. 
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SUN SENSOR 

DARKER SURFACE IFOV brighter surface 

Fig. 2.2 Contributions to total detected radiance, Lj, 
for the case of two semi-infinite planes. 

Substituting Eq. (2.2) into Eq. (2.1) gives 

LTD = LDD + LA + (lID + LIb) (2.3) 

and 

LTb = lDb + lA + (lId + lIb)' (2.4) 

Several important points can be made with reference to Eqs. 

(2.3) and (2.4). First, because the atmospheric term, L^, is indepen

dent of surface reflectances, it is the same on both sides of the 

boundary at any given altitude. Increasing the sensor altitude also 

causes an increase in the value of since there is now more inter

vening atmosphere between the detector and the ground and thus more 



scattering. Second, with the sensor directed at any point on the 

surface other than an infinite distance from the border, both indirect 

terms will contribute to the total detected radiance on either side. 

The amount of radiance any ground area located outside the ground-

projected IFOV adds to the total radiance depends not only on its 

radiance value but on its distance from the IFOV as well. As the IFOV 

is moved away from the boundary on the dark side, the Ljg term would 

decrease since the area that contributes to that term is farther from 

the IFOV and its reflected flux is not as readily scattered into the 

sensor. Thus, in moving toward infinity, Ljd would increasingly pre

dominate over Ljg in Eq. (2.2) while the reverse is true on the bright 

side. Third, at an infinite distance from the boundary on the dark 

side, the indirect influence from the bright side, Ljg, would be zero, 

and vice versa for on the bright side. At the same time, the 

indirect terms, Lj and Lin, approach asymptotic values of and 
L) a jjoo 

LxBoo at an infinite distance from the boundary on their respective 

sides. In other words, at infinity, on the dark side 

LIfi - 0 and LId -> LlDro (2.5) 

while on the bright side 

lid + 0 and lib + l̂ . (2.6) 

Thus, at infinity, Eqs. (2.3) and (2.4) become 



14 

LTD = LDD + LIDoo + LA (2.7) 

and 

= L°B + + LA' (2.8) 

Now consider the situation where the sensor is located 

directly over the boundary such that the ground-projected IFOV covers 

equal areas on the dark and bright sides of the border. In this case 

the background areas on either side whose radiance is scattered into 

the IFOV should be equal, assuming uniform scattering over both sides. 

If a point detector is assumed and the influence from one of the two 

planes (the bright side for example) is temporarily set equal to zero, 

then the contribution from the background area on the dark side is 

since the detector is sensing background areas from just one half-

plane. Similarly, if the dark side is neglected, then only the bright 

side half-plane is sensed, so the indirect bright side influence 

becomes 

just 

T 
LiDoo 

LID = — (2.9) 

(2.10) 

Neglecting the opposite half-planes in the derivations of 

Eqs. (2.9) and (2.10) is valid since only the relative influence, not 
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the absolute contribution, of any one finite area is affected by any 

other area. Thus, at the border the total indirect term is the sum of 

Eqs. (2.9) and (2.10), such that 

t /t it \ lld°° + llbco 
1̂ - (̂ ij) + — 2 (2.11) 

and, at the boundary, Eqs. (2.3) and (2.4) become 

and 

lidoo + llboo 
lTd = LDd + LA + g (2.12) 

lin + lir 
LTb = LDb + LA + -^4 — . (2.13) 

As the sensor's IFOV is moved from infinity to the border on 

either side, the direct and atmospheric terms of Eqs. (2.7) and (2.8) 

remain constant but the indirect term changes to the values given in 

Eqs. (2.12) and (2.13). The change is not linear but can be incorpo

rated by the inclusion of a weighting factor, f (0 < f < 1), which is 

dependent on the distance between the ground-projected IFOV and the 

boundary. Therefore, the total amount of indirect contribution from 

the dark side is found by subtracting Eq. (2.12) from Eq. (2.7) and 

including the weighting factor so that 
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lld + lib 
LlD = f*[LIDJ + <!-«)* ~~2 1 (2.14) 

and by subtracting Eq. (2.13) from Eq. (2.8) and adding in the f factor 

for the bright side such that 

where f = 0 at the boundary and f = 1 at infinity. 

When observing the overall change in detected radiance as the 

sensor is moved from infinity on the dark side (°°d) across the border 

to infinity on the bright side (°°b), the atmospheric term, L^, can be 

disregarded since it is constant at any given altitude. If a 4:1 ratio 

between Ljjg and is assumed, then the change in indirect radiance 

can be depicted as in Fig. 2.3. The amount of change of Lj and the 

difference between Lj and Lj) on both sides of Fig. 2.3 are exaggerated 

to make the changes more apparent. The inclusion of L^. would merely 

add a constant value to the values shown. The shape of the curve is 

ideally what should be obtained from experimental data collected over 

a field containing two half-fields whose reflectances are also of a 

4:1 ratio. 

% = f*[LiBJ + (1-f)* 
lid + lib *-'00 -doo (2.15) 2 
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Boo 

border °°b 

Fig. 2.3 Diagram of detected radiance values due to 
Lq and Li and excluding La. 

Up to this point the transmittance of the atmosphere between 

the ground and the sensor, t, has been disregarded. Actually, the 

direct term of Eqs. (2.3) and (2.4) should be multiplied by T. For 

very low altitudes (say, 1000 ft) it can be assumed to be unity and 

these equations hold. However, at higher altitudes t is less than 

unity and decreases with increasing height. Thus, if sensor data are 

collected over the same infinity-to-infinity profile at a higher 

altitude, the total detected radiance on either side of the border 

becomes 
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lTd = T *LD D + |f*[LiD0 ] + (1-f)* 
LiDoo + LlBc „ , T 

2 * + la ]) 
(2 .16)  

and 

lTb = t*lDb + + (1-f)* 
LlDco + LiB=O 
| + LA-

(2.17) 

Keeping in mind that La changes with altitude, the difference 

between the total detected radiance at two altitudes a given distance 

from the boundary can be found for each side. This difference is 

found by subtracting LxD (low altitude, Eq. 2.3) from Lip (high 
Uh H 

altitude, Eq. 2.16) and LT (Eq. 2.4) from LTfî  (Eq. 2.17) such that 

ALtd = (t-1)*LDD + H* LAT.)  

(2.18) 

and 

ALTJ 

where 

ALTD 

and 

al 

( r LIn + LiB 
(t-1)*ldjb + " t + (lah-lal) •]} 

(2.19) 

Lt-. - Ltta : dark side difference 
DH DL 

Tb = LTBp - LTg : bright side difference. 
rl i. 
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Note that the indirect term in both of the above equations 

has been multiplied by H. The H term represents a height factor that 

accounts for the increased atmospheric scattering as the altitude of 

the sensor is increased. In other words, the indirect term should 

increase with height owing to the presence of more atmospheric 

scatterers. Therefore, as the distance between the two altitudes is 

increased from zero, H will also increase from zero. The actual 

numerical value of H depends upon several factors including the 

absolute height above the ground of each layer, their relative 

altitude difference, the quantity of scatterers in the atmosphere, and 

how the scatterers are dispersed as a function of height above the 

ground. It is beyond the scope of this work to determine the mathe

matics of how each of these influences affect the numerical value of 

H. However, it can be said that H will be a very low value (only 

slightly above zero and much less than one) in a clear atmosphere no 

matter what two altitudes are used. Thus, the indirect term will 

increase only slightly with increasing altitude and will contribute 

insignificantly to the difference image equations (2.18 and 2.19). 

Since 0 < T  <  1 ,  the term ( X - 1 )  causes the direct term in 

Eqs. (2.18) and (2.19) to give a negative contribution to the absolute 

difference, ALj. However, AL^ [the difference (^Ag ~ LA]_)] is positive 

and is greater than the negative influence of the first term (Ld)> 

thereby making the total difference positive (again assuming 0 < H « 

I, which makes the indirect term very small). The specific shape of 

the difference profile from °°d to °°b cannot be theoretically 



determined without knowing the exact values in Eqs. (2.18) and (2.19) 

since the relative contributions of each term can greatly alter the 

overall difference at any given distance from the border. However, if 

H is very small, then the curves will be rather flat on either side 

of the border since the Lj) and La differences do not vary with 

distance from the boundary. 

This is not to say that the average difference values will be 

the same for both sides. Actually, the radiance value differences 

will be larger on the dark side. Since AL^ is equal for both sides 

and H is assumed to be small, the ALj> term will determine the 

relative difference between the radiance value differences for the 

two sides. Because T < 1 then (T-1) < 0, and because LDd is less than 

Ljjg, the negative influence of is less than that of Ljjg. In other 

words, less radiance is subtracted from the large, positive AL^ term 

on the dark side than from the same AL^ term on the bright side, so 

the overall difference is larger on the dark side. Figure 2.4 shows 

how a typical difference plot should appear. 

al-r 
ld 

aln 
lb 

, 

border 

Fig. 2.4 Difference image (radiance value differences). 



As mentioned earlier, the relative difference between the 

sides will vary with the choice of the two altitudes. As the amount 

of intervening atmosphere between the two altitudes is increased (by 

increasing the altitude difference and/or using lower altitudes), the 

relative radiance difference between the two sides will increase. 



CHAPTER 3 

DATA PROCESSING 

This chapter describes the experimental methods employed in 

the investigation. Included are discussions of general data collec

tion as well as guidelines used in selecting particular data for 

detailed analysis. Also presented is a treatment of the image pro

cessing performed on the scanner image data. The chapter concludes 

with an explanation of data extraction and reduction techniques used 

in the study. 

Data Collection 

An agricultural area in the Avra Valley area of southern 

Arizona (approximately 20 miles west of Tucson) was selected for the 

experiment. This area contained a field of mature cotton with a 

fallow (bare soil) field directly adjacent to it. No irrigation ditch, 

road, or other unnatural boundary separated the cotton from the bare 

soil. The approximate dimensions of the two fields together 

(hereafter referred to as one field) are shown in Fig. 3.1. Dirt roads 

were present on all four outer field borders. The north direction 

displayed is true north (as opposed to magnetic north). The boundary 

between cotton and bare soil ran true north and south. 

22 
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< 300 m » H 300 w 

COTTON BARE SOIL 

Fig. 3.1 Experiment site. 

Ground reflectance and solar radiometer (to determine atmos

pheric optical depth) measurements were made from approximately 0700 

to 1200 MST on 30 September 1982. An Aero Commander aircraft (under 

contract to NASA Ames) carrying a Daedalus multispectral scanner made 

overflights during two periods on that day. The approximate times of 

these periods were from 0800 to 0900 MST and from 1100 to 1200 MST. 

Each overflight period consisted of five sequences of two passes each 

(10 total passes per period) divided among three different altitudes. 

Each sequence included a pass made from east to west (E-W) or west 

to east (W-E) perpendicular to the cotton/bare soil boundary as well 

as a pass from north to south (N-S) or south to north (S-N) flying 



directly down the boundary. It was thus hoped that the effects of 

scan direction could be studied by looking at data taken in different 

directions. However, as is discussed later, only data from one 

direction (W-E) were examined in detail. During each period this two-

pass sequence was first flown at an altitude of 1,000 ft above ground 

level (AGL), then 8,000 ft AGL, and then 16,000 ft AGL before returning 

to 8,000 ft and finishing back at 1,000 ft. Thus, 10 total scanner 

runs were made during each time period, or 20 passes for the entire 

day, which were numbered chronologically from flightline (FL) 1 

through FL 20. For each pass the multispectral scanner simultane

ously collected data in 10 wavelength bands ranging from 380 nm to 

1100 nm. 

Data Selection and Description 

Although a large amount of data was generated, only three 

flightlines have yet been examined in detail. These are FL 16, FL 17, 

and FL 20, which were flown at 16,000 ft, 8,000 ft and 1,000 ft re

spectively. These three were chosen because all were in the later 

overflight period (1100 to 1200 MST), which offered at least three 

significant advantages over the earlier morning period. First, the 

solar zenith angle of 35.757° (at 1140 MST) was much less than the 

average of approximately 66° during the 0800 to 0900 period, so BRDF 

variations, which increase for higher angles (Eaton and Dirmhirn, 

1979), were held to a minimum. Second, the change in solar zenith 

angle was much less during the later period (approximately 6° versus 

12° for the 0800 to 0900 period). In fact, the elapsed time between 
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scanner passes made in the same direction (W-E versus N-S) from the 

16,000 ft altitude to 1,000 ft AGL was the shortest (only 18 minutes), 

so changes in solar zenith angle were further minimized. Finally, a 

smaller solar zenith angle gave rise to a higher irradiance level, 

which was critical to maintain the high SNR necessary for analyzing 

the shorter wavelength bands. 

across-boundary direction from west to east (W-E). It was felt that 

more reliable data would be obtained from W-E passes (as opposed to 

N-S) owing to the mechanism of the scanner itself. During W-E passes 

the scanner moved in a N-S direction parallel to the border as shown 

in Fig. 3.2A. Therefore, a scanner response-induced electronic 

adjacency effect, which would have been a problem in across-border 

scans, was negated. A second point concerning the scan direction 

Additionally, all three flight lines were made in the same 

BORDER N BORDER 

j i 
FLIGHTLINE W E SCAN 

scanw 

S 

FLIGHTLINE 

(a) (b) 

Figure 3.2 W-E and N-S flightlines and scan directions. 

(A) W-E flight line with N-S scan direction. 
(B) N-S flightline with E-W scan direction. 



involves the number of pixels scanned. Only 30 pixels running N-S 

were analyzed, whereas 330 were analyzed in the W-E direction. Thus, 

assuming nadir viewing at the center of the analyzed data, the N-S 

direction scanned only +15 pixels off nadir while a W-E scan direction 

would have produced a +115 pixel off-nadir scan. Obviously, the 

maximum off-nadir angle utilized is much less for the N-S scan 

direction. This is important in order to minimize path radiance 

changes with scan angle as discussed by Slater and Jackson (1982). 

Raw data were transferred from scanner tapes to computer 

compatible tape (CCT) for use with the HP-3000 computer and the ESL 

IDIMS (Interactive Digital Image Manipulation System) hardware and 

software package. All data transfers and image manipulations were 

performed at the NASA Ames Research Center in Mountain View, Califor

nia. The CCT format was 32-bit (radiometric resolution) real data. 

Images displayed on the CRT screen and subsequently photographed were 

8-bit (byte) for black and white. All CCT data were initially in the 

form of detector counts and were calibrated in terms of radiance 

units per count (based on laboratory calibration measurements) prior 

to final pixel value determination. 

As mentioned earlier, the boundary effect should be more 

noticeable at shorter wavelengths, so a low scanner channel was 

examined first. Channel 1 (380 to 420 nm) was considered initially, 

but noise in several images led to the selection of channel 2 (420 to 

450 nm) for final data reduction and analysis. It was not possible 

during this study for other channels to be checked. As is discussed 



later, it would have been advantageous to analyze bands where reflec

tivities were precisely known. 

Before proceeding to the next section several points should 

be made concerning the images presented there. First, note that the 

relative contrast between image photographs is not necessarily indic

ative of actual data contrast. Photographs were made directly from 

the same signal as viewed on the CRT. These CRT images were often 

manually manipulated to give a higher contrast than was initially 

available although of course the real data that were analyzed after 

image manipulation were not contrast-stretched. Note also that all 

raw data images were rotated to a true north-at-the-top orientation 

without regard to flightline direction. The raw images were also 

scan-fixed (preprocessing stage) prior to initial display, which 

removed most of the forward motion and panoramic distortions. 

Finally, a comment should be made concerning the coded names 

of scanner images that appear throughout the rest of this work. 

Image names consist of from one to three letters and one, two, or 

four digits, for example MTC 17. The letters are NASA designations 

and are generally irrelevant to this investigation. The numbers, 

however, refer to the different scanner overflights, which, as 

mentioned earlier, were numbered chronologically from 1 to 20. Thus, 

MTC 17 refers to an image obtained from flightline 17. A four-digit 

image name, such as STC 1620, refers to a difference image where 

radiance values from the second two-digit flightline (FL 20 here) have 

been subtracted from the first (FL 16). 



Data and Image Processing 

The first three photographs (Figs. 3.3, 3.4, and 3.5) show non-

calibrated image sections (image names CTC 16, CTC 17, and CTC 20) 

from channel 2 of FL 16, FL 17, and FL 20 respectively. Again, these 

flightlines all correspond to W-E passes and were made at approxi

mately 16,000, 8,000, and 1,000 ft AGL in that order. Unfortunately, 

as is seen later, these altitudes were not flown precisely at the 

desired 16:8:1 ratio. 

Figure 3.3 is 160 x 160 (lines down x columns across) pixels 

in size whereas Fig. 3.4 is 255 x 255. The size of FL 20 (Fig. 3.5) was 

initially 845 x 1130, so the image was reduced (automatically by CRT 

electronics) by a factor of 3 (every third line and column) to fit on 

the 512 x 512 CRT screen. It was desirable to use image sizes that 

filled as much of the screen as possible, so FL 16 and FL 17 were 

both magnified by a factor of 2 using the MAGNIFY routine (see 

Appendix). This created images 320 x 320 (MTC 16) and 510 x 510 

(MTC 17) respectively. FL 20 was reduced (using MAGNIFY by 0.25) to 

211 x 282 and further rounded to 210 x 280 (MTC 20). The results of 

the magnifications are seen in Figs. 3.6, 3.7, and 3.8. 

Several important points can be noted by careful observation 

of these three figures. Elrst, the distortions evident in all three 

photographs are different even though scans were made at nadir. No 

image presents a rectangular field with perpendicular edges and boun

daries. Second, the magnification of FL 17 by 2 and demagnification 

of FL 20 by 4 should give a view from a relative altitude of 4,000 ft 
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Fig. 3.3. Image CTC 16: FL 16 (16,000 ft) raw data. 



Fig. 3.4. Image CTC 17: FL 17 (8,000 ft) raw data. 



Fig. 3.5. Image CTC 20: FL 20 (1,000 ft) raw data. 



Fig. 3.6. Image MTC 16: FL 16 magnified by 2 



FL17 MAGNIFIED BY 2 

Fig. 3.7. Image MTC 17: FL 17 magnified by 2. 



FL20 DEMAGNIFIED BY 4 

Fig. 3.8. Image MTC 20: FL 20 demagnified by 4. 
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for both images. However, the fields shown in the images are clearly 

quite different in size, so at least the 8:1 portion of the desired 

16:8:1 altitude ratio was not flown. Third, FL 20 does not contain all 

of the desired field. The low altitude (1,000 ft) combined with a 

limited scanner viewing angle caused approximately 20% of the bottom 

(south) portion of the field to be missed. The slight skew evident in 

Fig. 3.8 also caused 1% to 2% of the top half to be lost. 

Accurate determination of the boundary effect required images 

with straight, parallel (same pixel column) borders between the 

cotton and bare soil. It also required square, perpendicular edges as 

depicted in Fig. 3.1 and as actually existed. Thus, the skewing 

evident in all three images had to be dealt with. Additionally, 

difference images, obtained by subtracting registered pixel radiance 

values of one altitude flightline from another, were desired, so 

precise registration between all images was very important. 

Therefore, a systematic method of registration and image "squaring" 

was undertaken using the IDIMS routines CPPICK and REGISTER (see 

Appendix). 

Since FL 17 was the least distorted of the three images, it 

was decided to register the other images to FL 17. Additionally, this 

choice required the least amount of further image magnification 

(scale change) since FL 17 and FL 20 were already approximately the 

same size. The 510 x 510 size of FL 17 (MTC 17) also permitted 

maximum use of the CRT screen. 
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The first task was to register FL 16 (Fig. 3.6) to FL 17 

(Fig. 3.7). Figures 3.9 and 3.10 show MTC 16 and MTC 17 with 20 con

trol points selected using CPPICK. These points were generally chosen 

as corners of fields or trees that stood out clearly in both images. 

An exception was point 20 (P9020), which was chosen mathematically as 

the midpoint between points 2 and 5 to control the registration in 

the center of the frame. 

After the control points had been selected, REGISTER was used 

to warp MTC 16 into MTC 17. This involved a scaling, shifting, 

skewing, rotation, and perspective change as well as third-order 

nonlinear terms. Before the registered image was actually created, 

the output (MTC 17) and input (MTC 16) control point pixel coordinates 

were listed along with "computed" input pixel coordinates (interpo

lated pixels) and "residuals" (registration error). Where the residual 

error was greater than 0.5 pixel in either the row or column, a new 

pixel was selected. This process was repeated one pixel at a time 

with new residuals computed after each change until all registration 

errors were less than 0.5 pixel. The registration was then performed 

using cubic convolution for pixel interpolation. The resulting warped 

image (W 16) of FL 16 registered to FL 17 was output and is shown in 

Fig. 3.11. 

As mentioned earlier, straight and square image borders were 

essential to the experiment, so FL 17 (MTC 17) was next warped to a 

specified set of rectangular output points. CPPICK (Fig. 3.12) and 

REGISTER were employed on FL 17 and resulted in a "squared-off," 



Fig. 3.9. Image MTC 16: Control points for CPPICK. 
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Fig. 3.10. Image MTC 17; Control points for CPPICK. 



Fig. 3.11. Image W 16: FL 16 warped to FL 17 using REGISTER. 



Fig. 3.12. Image MTC 17: Control points for CPPICK to warp 
to rectangular output points. 



registered output image (R 17) shown in Fig. 3.13. The relative dimen

sions of FL 17 now approximated those of the actual field as photo

graphed using photographic film (presented in Chapter 4). 

Next the warped FL 16 (W 16) was registered to the "squared" 

FL 17 (R 17) using CPPICK (Figs. 3.14 and 3.15) and REGISTER as 

described earlier. Again, 20 control points were used with third-

order polynomials and cubic convolution interpolation. The result is 

FL 16 (R 16) registered to FL 17 (R 17) and is shown in Fig. 3.16. 

FL 20 (MTC 20) was next registered to FL 17 (R 17), again 

using CPPICK (Figs. 3.17 and 3.18) and REGISTER. However, only 12 

control points could be used owing to the limited selection area of 

FL 20. Points along the boundary (9, 10, 11, and 12) were chosen based 

on points 2, 3, 4, and 1 respectively and the angle of rotation in 

MTC 20. Third-order polynomials and cubic convolution were again 

used, and the resultant output (R 20) is displayed in Fig. 3.19. 

At this juncture FL 16 and FL 20 are both registered to FL 17 

but not to each other. A check was made using the residuals feature 

of REGISTER to verify the registration error between R 16 and R 20. 

It was found that the residuals were less than 0.5 pixel in all cases, 

so no further registration was necessary. 

Up to this point all processing was performed on uncalibrated 

image data. To determine the actual radiance values of the pixels 

the data were transformed in a two-step process. First, to compen

sate for errant scanner calibration, a "tare" value (DC bias) of 10 

detector counts was subtracted from the recorded count of each pixel. 



Fig. 3.13. Image R 17: FL 17 registered to rectangular output points. 



Fig. 3.14. Image W 16: Control points for CPPICK. 



Fig. 3.15, Image R 17: Control points for CPPICK, 



Fig. 3.16. Image R 16: FL 16 registered to FL 17, 
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Fig. 3.17. Image MTC 20: Control points for CPPICK. 



Fig. 3.18. Image R 17: New control points for CPPICK. 
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Fig. 3.19. Image R 20: FL 20 registered to FL 17 (R 17). 



This made the dark count equal to a zero gray level Instead of some 

higher gray level value as the raw data had indicated. Next, a prede

termined internal calibration factor was incorporated. For channel 2 

this factor was 

f = 0.0310 (yW/cm^-nm-sr)/count (3.1) 

and was multiplied by each pixel's detector count to result in the 

actual radiance value of each pixel being computed. 

This completed the actual image processing and geometrical 

transformations except for the difference imaging, which is discussed 

later. The images and associated 32-bit real data were now ready for 

data reduction and display. 

Data Reduction 

To determine the extent of the boundary effect, a cross-

sectional profile was mapped out on the now registered and calibrated 

images (L 16, L 17, and L 20). These images, with the cross-sectional 

overlay superimposed, are seen in Figs. 3.20, 3.21, and 3.22. The size 

of all profile boxes was set at 30 x 330 pixels. The 30 pixels in the 

parallel-to-border direction were chosen for two reasons. First, this 

number was large enough to smooth out pixel-to-pixel variations 

caused by actual field nonuniformities when the mean value was 

computed for the 30 lines in each sample column. Second, at the same 

time, a width limit of 30 appeared small enough to avoid upper and 

lower boundary influences. This latter problem was also why the 
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Fig. 3.20. Image L 16: FL 16 registered and calibrated. 



Fig. 3.21. Image L 17: FL 17 registered and calibrated 



Fig. 3.22. Image L 20: FL 20 registered and calibrated. 



boxes were placed in the middle of the field. The across-boundary 

size of 330 pixels was selected to extend the profile beyond the 

field borders so the influences of these outer borders could be more 

readily observed. 

At this point two more IDIMS routines were employed. P1CVAL 

(see Appendix) was used to print out (in hardcopy on a line printer) 

the radiance values of each pixel within the 30 x 330 profile. On 

this printout the left (west) and right (east) field borders as well 

as the center boundary separating cotton from bare soil could be 

discerned. The pixel-to-pixel variations (seen on each 1 x 330 line 

profile) mentioned above were also readily apparent, so another data 

processing step was undertaken. Using P1CSTAT (see Appendix), the 

mean and variance of each of the 330 columns of 30 lines (pixels) 

each were computed moving from right (sample column 91) to left 

(sample column 420). The first line occurrence of both the minimum 

and maximum radiance values within the 30-line column was also 

output. Radiance values were calculated using PICSTAT on these three 

images. The analysis of these data is discussed later. 

The final stage of actual image processing involved differ

ence imaging. Because the images were now calibrated as well as reg

istered to each other, the radiance value for a given pixel detected 

at one altitude could be subtracted from the corresponding pixel 

radiance value sensed at a higher altitude (a relatively higher 

value). To create the difference images, the IDIMS routine ADD (see 

Appendix) was applied with weights of +1 and -1 to, in effect, 
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subtract one image from another. FL 16 minus FL 17 (image L 16 minus 

L 17) was output as STC 1617 and is shown in Fig. 3.23. Similarly, FL 

16 minus FL 20 (L 16 minus L 20) became STC 1620 (Fig. 3.24) and FL 17 

minus FL 20 (L 17 minus L 20) came out as STC 1720 and is seen in 

Fig. 3.25. Using the same starting pixel (201,91) and cross-sectional 

profile size (30 x 330) as before, a profile box overlay was superim

posed on the difference images (Figs. 3.26, 3.27, and 3.28). PICVAL and 

PICSTAT were again employed on the pixels within the boxes. 

There was some question as to how all of the geometric 

transformations performed on the original images (Figs. 3.3, 3.4, and 

3.5) affected the pixel values of the final output images (Figs. 3.20, 

3.21, and 3.22). Although all image processing involved local as 

opposed to global operations, it was decided to verify that all the 

magnification and registration had not altered the radiance values to 

such an extent that any boundary effect would be unobservable. As a 

check on such a possibility it was decided to also analyze the 

untransformed images. Calibration was performed as before and 

profile boxes were chosen to resemble as closely as possible (by 

viewing on the CRT screen) the boxes used on the transformed images. 

These boxed images are presented in Figs. 3.29, 3.30, and 3.31. Note 

that Fig. 3.31 (FL 20) represents a reduction of 3 from original data 

(every third line and sample) in order to fit on the CRT screen. 

PICVAL and PICSTAT were again used on the boxes except for FL 20. 

The box size of 120 x 991 represented an enormously large amount of 

information, so the data were reduced by a factor of 4 (creating 
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3.23. Image STC 1617; Radiance difference image (FL 16 FL 17) , 
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Fig. 3.24. Image STC 1620: Radiance difference image (FL 16 - FL 20). 
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Fig. 3.25. Image STC 1720: Radiance difference image (FL 17 - FL 20). 
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Fig. 3.26. Image STC I617: FL 16 - FL 17 with profile box. 
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Fig. 3.27. Image STC 1620? FL 16 - FL 20 with profile box. 



Fig. 3.28. Image STC 1720: FL 17 - FL 20 with profile box 



Fig. 3.29. Image CTC 16: FL 16 raw data with profile box. 
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Fig. 3.30. Image CTC 17: FL 17 raw data with profile box. 



Fig. 3.31. Image CTC 20: FL 20 raw data with profile box. 
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image FL 20R) before PICVAL and PICSTAT were employed. No averaging 

was used in the reduction; only selection of every fourth line and 

fourth sample column. Thus, the final box size was reduced to 30 x 

248 after rounding down. 



CHAPTER 4 

EXPERIMENTAL RESULTS 

Before the results of the processed scanner data are 

discussed, the atmospheric conditions that existed on the day of the 

experiment, 30 September 1982, are reviewed. This review includes 

temperature, humidity, wind, cloud cover, surface pressure, and optical 

thickness measurements as well as the methods employed in the deter

mination of each parameter. Next, a section covering ground reflec

tance computations is presented. The chapter concludes with an exam

ination of the data collected by the aircraft scanner and processed 

according to the methods described in Chapter 3. 

Atmospheric Conditions 

Temperature and humidity measurements were taken periodi

cally at the field site from 0800 to 1106 MST using a sling psychrom-

eter. The dry bulb temperatures obtained from this instrument (air 

temperatures) ranged from 21.6°C at 0800 to 26.0°C at 1106 MST. 

Intermediate time readings indicated a nearly linear increase, so the 

average temperature was calculated to be 23.8°C. Relative humidity 

ranged from approximately 62% at 0800 to 40% at 1106 MST. 

A light surface breeze from the north blew steadily 

throughout the day. Although no anemometer devices were available, 

the wind speed was judged to be less than 5 knots with a rare gust 
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reaching 7 to 8 knots. Apparently upper air movement was at a much 

different velocity. Observations of a stratocumulus cloud deck 

indicated that air at approximately 10,000 ft traveled in an easterly 

direction at 40 to 50 knots. High-altitude wind velocity measurements 

were not possible at the field site. 

The sky over the field site was clear during most of the 

morning. Unfortunately, a thin stratocumulus cloud layer partially 

obscured the sun from approximately 1050 to 1106 and produced some 

cloud shadowing during scanner pass FL 12 at 1106 MST. However, by 

1114 the clouds had left the area and the sky remained clear through 

1200. 

Surface level atmospheric pressure was determined by means 

of a recording barometer situated at the University of Arizona, 

approximately 20 miles due east of the experiment site. The ground 

heights of the university and the field are within 30 m of each other, 

so the recorded value should be quite valid for the experiment. At 

0700 the recorded station pressure was slightly above 922 millibars 

(mb). By 0830 the pressure had risen to 923 mb, where it remained 

until after 1200. Averaging these readings yields a value of 922.7 mb 

for the time period 0700 to 1200, which was rounded to 923 mb (27.26 

in. Hg). It should be noted that a standard day surface pressure at 

the university would be 933.25 mb (27.56 in. Hg). 

The voltage readings for five wavelengths (370, 400, 440, 

521.7, and 612 nm) output by the multiple wavelength solar radiometer 

were input to the LNGPLT computer program. Additional parameters 



entered into the program included the experiment date, surface 

pressure (27.26 in. Hg), and the times of each voltage recording (start 

and duration) and desired airmass fit limits. A total of 32 readings 

was used, covering the time period 0700 to 1200, with more points 

taken in the early morning when the airmass was changing most 

rapidly. 

LNGPLT computed a Langley plot to find the value of the 

instantaneous spectral-extinction optical thickness, teXt> °f t*16 

atmosphere and the solar zenith angle for each reading. Additionally, 

the average of all points that fit within one standard deviation of 

the computed curve (In E vs. relative airmass) was calculated to 

determine the average i£xt for the morning. For a wavelength of 

440 nm (which fell within the scanner pass band of 420 to 450 nm), 

nine of the 32 points were rejected during curve fitting. Using 

relative airmass fit limits of 1.0 to 3.0, the average T x̂t was found 

to be 0.291 while the instantaneous value was 0.297 at 1140 MST. The 

solar zenith angle was computed to be 35.757° at 1140. Since a com

pletely Rayleigh atmosphere (molecular scattering only) would yield a 

of 0.254, there was very little aerosol scattering occurring in 

the atmosphere. 

Ground Reflectance 

Reflectance measurements were made using two instruments 

between approximately 0800 and 1200. A Barnes spectrometer was 

attached to the end of an 2.5-m-long arm (inclined upward at 45°) that 

was connected to a mechanical trolley. The trolley moved back and 



forth on a rail across the cotton/bare soil boundary. A white barium 

sulfate plate was placed at the terminus on the bare soil side. 

Round trips from the plate over the bare soil to the cotton and back 

took an average of 6 min. The Barnes instrument obtained values in 

seven channels including six of the Thematic Mapper channels (1-5 and 

7). The reflectances calculated for the lowest channel (channel 1, 

450 to 520 nm) at 1125 were 0.139 for the bare soil and 0.039 for the 

cotton. Unfortunately, 1125 is the latest time accurate dry bare soil 

readings could be obtained because water was poured over the meas

urement area at 1130 as part of an unrelated experiment, causing the 

bare soil reflectances to drop dramatically. A hand-held Exotech 

radiometer recorded readings for cotton and bare soil in the four 

Landsat MSS channels. The reflectances determined (relative to a 

white barium sulfate plate) at 1125 using channel 1 (500 to 600 nm) 

were 0.216 for the bare soil and 0.059 for the cotton. 

Neither radiometer allowed reflectance calculations to be 

taken in the pass band of the scanner channel selected for analysis 

(420 to 450 nm). However, by graphical extrapolation the reflectances 

at 440 nm were projected to fall in the range 0.05 to 0.125 for the 

bare soil and 0.020 to 0.035 for the cotton. These are very low 

values and, together with the lack of accuracy in their determination, 

inhibited calculation of theoretical radiance values. Nonetheless, 

these values served as a starting point and, together with the Herman 

code and scanner data, were used to predict ground reflectances at 

440 nm. It was found that the reflectance of the cotton was between 
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0.020 and 0.030 and that of the bare soil was between 0.100 to 0.110. 

The determination of these reflectances is explained in more detail in 

Chapter 5. 

Results of Scanner Data 

As described earlier in Chapter 3, the mean radiance values 

(average of the 30 pixels per column) for each of the 330 columns 

shown in the profile boxes of Figs. 3.20 (FL 16), 3.21 (FL 17), and 3.22 

(FL 20) were calculated using the PICSTAT routine. The variance of 

each mean was also output. The square root of each variance thus had 

to be computed to determine the standard deviation for each column. 

The mean radiance values (yW/cm2-nm-sr) and standard deviations were 

plotted versus column numbers (91 through 420, from west to east) and 

are presented in Figs. 4.1 (FL 16), 4.2 (FL 17), and 4.3 (FL 20). Every 

fifth column was plotted as well as every column around field bound

aries (115 through 130, 250 through 275, and 400 through 410). Addi

tional intermediate columns were plotted if their mean was outside 

the range of means determined by the fifth columns on either side by 

more than 0.01 yW/cm2-nm-sr. The spacing between adjacent columns 

represents roughly 2 meters on the ground. Also, the ordinate scale 

of radiance values is constant for all three plots, but the range of 

values differs for each altitude. 

Several general observations can be made from these three 

plots. First, the two-lane dirt road that formed the western field 

border shows up clearly as high radiance peaks on the extreme left of 

each plot. Moving from left to right (west to east on the field as 
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presented in Figs. 3.20, 3.21, and 3.22) the radiance values fall dra

matically as the western road/cotton boundary is crossed. Note that 

the first few mean values on the cotton side are quite low and are 

followed by a slight rise for several columns before they steadily 

decrease for the next 25 to 40 columns to the lowest mean value for 

cotton. This feature is especially noticeable for FL 16 (Fig. 4.1). 

There are two possible causes for this overshoot. PLrst, the 

geometrical processing described in Chapter 3 used cubic convolution 

as the method of interpolation. This type of cubic averaging intro

duces small negative values into the computation that become notice

able along edges within an image. The other possibility is that the 

lower values just inside the border actually existed. Photographs 

were taken from 16,000 ft (FL 16, Fig. 4.4), 8,000 ft (FL 18, Fig. 4.5), 

and 1,000 ft (FL 19, Fig. 4.6). The 1,000 ft photograph did not cover 

the western field border, but close scrutiny of Fig. 4.5 reveals the 

first few meters of cotton within the profile box appear darker than 

the next 30 to 40 m. This is most likely caused by actual variations 

in the ground cover. Indeed, the photographs show wide variations in 

ground cover uniformity throughout the cotton side of the field and 

even some nonuniformity on the bare soil side. These variations cast 

serious doubt on the validity of the earlier assumption of a uniform 

lambertian surface. 

A second general observation concerning the three plots 

involves the general left-to-right increase on the cotton side. The 

lowest radiance values occur in an area roughly from column 145 to 



Fig. 4.4. Flightline 16; Camera photograph at 16,000 ft. 
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Fig. 4.5. Flightline 18: Camera photograph at 8,000 ft. 



Fig. 4.6. Flightline 19: Camera photograph at 1,000 ft. 
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170 (50 to 100 m) into the cotton. Then the values begin a general 

increase until about 10 columns (20 m) from the cotton/bare soil 

boundary. The drop just prior to the boundary could again be the 

result of the cubic convolution overshoot. However, there again is a 

thicker ground cover near the boundary (Fig. 4.6, view from 1,000 ft) 

that could give rise to lower reflectances and therefore lower 

detected radiance levels. The general increase from column 170 to 

column 240 may also be caused by actual thinning of the cotton vege

tation. Although more difficult to see in the photographs, the cotton 

does appear to thin out approaching the cotton/bare soil boundary 

until about 20 m away. 

Across the boundary on the bare soil side is another apparent 

overshoot. However, here the peak overshoot value, which occurs at 

about column 255, is much closer to the border (2 to 3 columns) than 

it was on the cotton side. On the other hand, the gradual decrease 

that follows (to the lowest mean value on the bare soil side) covers 

about the same distance, roughly 10 columns or 20 m. Beyond the low 

point, the values begin a rapid increase before peaking again at about 

column 295 (about 80 m from the boundary). It is possible that both 

the boundary overshoot and subsequent rapid increase were caused by 

an extremely sparse covering of vegetation, which appears in all 

three photographs. Also, evidence of some very light, patchy growth 

was observed by personnel at other locations on the field. In short, 

the bare soil was not completely barren in some spots. The assump

tion of a uniform surface area was therefore further compromised. 
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Another general observation concerns the eastern boundary of 

the field. The border between bare soil and a narrow dirt road is 

not visible on the plots, probably because the reflectances of the 

bare soil and dirt were nearly equal. Also, little or no overshoot 

occurred on the bare soil side of the border, which distinguishes this 

boundary from the cotton/road border and both sides of the 

cotton/bare soil boundary. The drop in radiance beyond the edge rep

resents the detection of scrub brush and desert soil to the east of 

the bare soil and dirt road. 

Still, despite the important qualifications concerning nonuni-

formities, all three plots do show definite changes in radiance values 

similar to those predicted by the boundary effect and depicted 

earlier in Fig. 2.3. Table 4.1 lists the absolute and percentage 

differences between the far edge and border radiance values for 

cotton and bare soil, excluding points within 16 columns of any 

boundary (to remove the influence of cubic interpolation). Sign con

vention for the difference and percentage changes indicates an 

increase (+) or decrease (-) in radiance as the sensor is moved from 

each far edge to the central boundary. For example, at 16,000 ft the 

radiance value (in yW/cm^-nm-sr) at the far edge for cotton is 2.92 

and increases to 3.31 at the border. Thus, there is a positive (+) 

change in moving from the edge to the border. On the other hand, the 

bare soil values change from 6.08 at the edge down to 5.29 at the 

center boundary, so a negative change is shown. The average radiance 

listed is merely the average of the edge and border values. 
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Table 4.1. Total Detected Radiance: Processed Images (yW/cm^-nm-sr) 

Flightline 16 17 20 
Altitude (ft) 16,000 8,000 1,000 

Field side C BS C BS C BS 
Edge Lt 2.92 6.08 1.80 5.13 0.81 4.74 
Border Lj 3.31 5.29 2.22 4.30 1.33 3.71 
Difference + 0.39 - 0.79 + 0.42 - 0.83 + 0.52 - 1.03 
% Change +11.75 -12.99 +18.92 -16.18 +39.10 -21.73 
Average 3.12 5.69 2.01 4.72 1.07 4.23 

Table 4.1 shows that the average radiance for both sides 

increased with increasing altitude, which was predicted by Eqs . (2.18) 

and (2.19). For cotton, the detected radiance level nearly doubled in 

going from 1,000 to 8,000 ft and almost tripled between 1,000 and 

16,000 ft. The percentage increases for the bare soil were much 

lower. Between 1,000 and 8,000 ft there was barely a 10% increase, 

and only a 25% increase occurred between 1,000 and 16,000 ft. 

The differences between altitudes are seen visually in the 

difference images (Figs. 3.26, 3.27, and 3.28). The mean and standard 

deviations for the profile boxes shown in those images were also 

plotted (using the same criteria as the individual flightline images). 

These plots are shown in Figs. 4.7, 4.8, and 4.9. Again, disregarding 

points within 16 columns of any border, there appears to be no signif

icant change in difference values when moving away from the central 

boundary on either side. The mean values exhibit a good deal of fluc

tuation, but the error bars are relatively quite large as well. Table 

4.2 lists the differences in radiance values between altitudes for 

cotton and bare soil using the average levels found in Table 4.1. 
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Table 4.2. Radiance Differences Between Altitudes (jaW/cm^-nm-sr) 

Flightlines 16-20 17-20 16-17 
Altitudes (ft) 16,000-1,000 8,000-1,000 16,000-8,000 

Cotton 2.05 0.94 1.11 

Bare soil 1.46 0.49 0.97 

The average differences presented in Table 4.2 compare fairly 

well with the values shown on the plots (Figs. 4.7, 4.8, and 4.9). Two 

important facts are revealed by the table and the three plots. First, 

the differences for the cotton are greater than the bare soil for 

each altitude change. This was expected since the ratio of the 

atmospheric to direct radiance, L̂ /Ld, should be greater for cotton 

than bare soil because of the reflectance differences between the 

cotton and bare soil. Second, the greatest difference between sides 

occurred in the largest altitude difference, 1,000 to 16,000 ft. This 

also was expected since more atmosphere lies between those two 

altitudes than the other two combinations. 

Finally, the raw images (Figs. 3.29, 3.30, and 3.31) were 

plotted (Figs. 4.10, 4.11, and 4.12), and all three show the same 

general characteristics as their geometrically processed counterparts 

(Figs. 4.1, 4.2, and 4.3) discussed earlier. This agreement suggests 

that the local operator geometric processing did not significantly 

alter the absolute or relative radiance values of the pixels. The 

data obtained from these plots and presented in Table 4.3 were 

derived in the same manner as those for Table 4.1. 
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Fig. 4.10 Flightline 16 (raw image): Average radiance values within profile box (Fig. 3.29) 
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Table 4.3. Total Detected Radiance: Raw Images (yW/cm^-nm-sr) 

Flightline 16 17 20 
Altitude (ft) 16,000 8,000 1,000 

Field side C BS C BS C BS 
Edge Lt 2.95 6.10 1.80 5.16 0.92 4.66 
Border LT 3.31 5.31 2.32 4.31 1.41 3.68 
Difference + 0.36 - 0.79 + 0.52 - 0.85 + 0.49 - 0.98 
% Change +10.88 -12.95 +22.41 -16.47 +34.75 -21.03 
Average Lt 3.13 5.71 2.06 4.74 1.17 4.17 



CHAPTER 5 

THEORETICAL PREDICTIONS VERSUS EXPERIMENTAL RESULTS 

A very important factor in assessing the credibility of any 

experimental data is how well those results agree with theoretically 

predicted values. Three comparisons are offered in this chapter. 

Each involves the use of the radiative transfer computer program 

devised by B. M. Herman and known as the Herman code. First, the code 

is employed to determine Lp, L^, Lx» and Lj (in that order) at 

different altitudes. The L^ values are then compared to the average 

detected radiance values listed in Table 4.1. Second, predicted border 

radiance values are calculated using values found above from the code 

and Eqs. (2.12) and (2.13). These values are also matched against the 

experimental data found in Table 4.1. Finally, difference image 

radiance values calculated using Eqs. (2.18) and (2.19) are contrasted 

with the experimental results contained in Table 4.2. 

The Herman Code and Lp 

The Herman code models the atmosphere by dividing it into as 

many as 116 layers of equal Text. The layer number, its altitude 

(AGL) and Text are first output. Of course four altitudes were 

desired (0, 1,000, 8,000, and 16,000 ft), but it is not possible to 

precisely select all four altitudes at the same time. After much 

trial and error the closest agreement was obtained by choosing a 

total of 40 layers. The layers selected, their desired and computed 
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altitudes (ft AGL), the absolute percentage difference from the 

desired altitude, and the Text values are presented in Table 5.1. 

Table 5.1. Herman Code: Layers, Altitudes, and xext Values 

Layer Desired Computed Percent 
No. altitude altitude difference Text 

40 0 0 0.00 0.2940 

38 1,000 888.6 11.14 0.2789 

27 8,000 8,415.0 5.19 0.1960 

20 16,000 16,296.7 1.85 0.1432 

Layer 40 is obviously ground level, and therefore the xext 

shown is actually TgXt. Next, a value of Lp can be calculated 

directly such that 

Ld = (cos 0z)*C*exp(-t x̂t*sec 6z)*exp[-(Text_Text)]*P» (5.1) 

where 

Lj) = direct radiance (detected) from Eq. (2.1) 

6Z = solar zenith angle (35.757° at 1140 MST) 

C = solar constant (57.53 pW/cm^-nm-sr @ 440 rrni) 

Text = 0.2940 

Text = values from Table 5.1 for each altitude 

p = ground reflectance 



More trial and error effort led to the selection of reflec

tances (p) for cotton and bare soil to be used in Eq. (5.1). The cor

rectness of these values will be shown later, but Table 5.2 contains 

the solutions of Eq. (5.1) (Lp) for four reflectances at each layer. 

The first two columns (p = 0.020 and 0.030) are for cotton and the 

last two (p = 0.100 and 0.110) are for the bare soil. 

Table 5.2. Eq. (5.1): Direct Detected Radiance, Lp 

Layer Lp (yW/cm 2-nm-sr ) 

No. p = 0.020 p = 0.030 p = 0.100 p = 0.110 

38 0.6484 0.9727 3.2422 3.5664 

27 0.5968 0.8953 2.9842 3.2827 

20 0.5662 0.8492 2.8308 3.1138 

Determination of La 

At this point the Herman code can be usad to determine the 

total detected radiance, Lx. For a given reflectance the code will 

calculate an Lx made up of the three contributions described earlier 

by Eq. (2.1) such that 

Lx = Lp + LA + Li. (5.2) 

Note that Lj is really just Li^ since only the background influence 

from the same reflectance area is considered. Also, if a reflectance 

of zero is input, then the direct and indirect radiances go to zero as 

well, so 

Lx = LA, (5.3) 
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and therefore what is actually output is the detected atmospheric 

radiance component. Table 5.3 shows for each layer. As expected, 

La near the ground is almost zero since there is very little inter

vening atmosphere to cause scattering. 

Table 5.3. Herman Code: Detected Atmospheric Radiance, 

(yW/cm^-nm-sr), 
Layer No. p = 0 

38 0.0710 

27 1.0672 

20 1.8824 

Determination of L^ 

Now the total detected radiance, L-j, can be found by select

ing a reflectance other than zero such that 0 < p < 1. Inputting the 

same four reflectances used in Table 5.2, values of Lx were output 

for the three altitude layers. The results are presented in 

Table 5.4. 

Table 5.4. Herman Code: Total Detected Radiance, Lj 

er L^ (jjW/cm^-nm-sr) 

No. p = 0.020 p - 0.030 p = 0.100 p = 0.110 

38 0.8589 1.2529 4.0108 4.4046 

27 1.8300 2.2114 4.8811 5.2624 

20 2.6251 2.9963 5.5955 5.9668 



Determination of Lj 

Equation (5.2) can now be solved for Lj using values of Lj), 

La, and Lx from Tables 5.2, 5.3, and 5.4 respectively. Rearranging 

Eq. (5.2) gives 
LI = LT ~ LD ~ LA. (5.4) 

Table 5.5 gives the solutions to this equation for each altitude 

layer. 

Table 5.5. Herman Code: Indirect Detected Radiance, 

Layer Lx (yW/cm2-nm-sr) 

No. p = 0.020 p = 0.030 p = 0.100 p = 0.110 

38 0.1395 0.2092 0.6796 0.7672 

27 0.1660 0.2489 0.8297 0.9125 

20 0.1765 0.2647 0.8823 0.9706 

As expected, the indirect radiance increases with increasing 

height. Also, keeping in mind that layer 38 is only 886.6 ft, most of 

the change clearly takes place at the lower altitudes, where the 

atmosphere is denser and thus where more scattering occurs. 

Herman Lj versus Experimental Lx 

All the Herman code values from Tables 5.2, 5.3, 5.4, and 5.5 

and the experimental values of Lx from Table 4.1 (the average Lx 

values) are presented together in Table 5.6. The actual altitudes 

have been substituted for the layer numbers to allow for easier com

parison with the experimental altitudes flown by the aircraft's 

sensor. 
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Table 5.6. Herman (H) vs. Experimental (E): Detected Radiance 

Radiance (uW/cm2-nm-sr) 

Source Alt (ft) p = 0.020 p = 0.030 p = 0.100 p = 0.110 

H 886.6 LA 0.0710 0.0710 0.0710 0.0710 
lD 0.6484 0.9727 3.2422 3.5664 
LI 0.1395 0.2092 0.6796 0.7672 
Lx 0.8589 1.2529 4.0108 4.4046 

E 1,000 LT 1.07 4.23 

H 8,415.0 LA 1.0672 1.0672 1.0672 1.0672 
LD 0.5968 0.8953 2.9842 3.2827 
Li 0.1660 0.2489 0.8297 0.9125 
LT 1.8300 2.2114 4.8811 5.2624 

E 8,000 2.01 4.72 

H 16,296.7 la 1.8824 1.8824 1.8824 1.8824 
ld 0.5662 0.8492 2.8308 3.1138 
Li 0.1765 0.2647 0.8823 0.9706 
Lx 2.6251 2.9963 5.5955 5.9668 

E 16,000 Lx 3.12 5.69 

The use of these data in the analysis of border values and 

difference images is presented in the following two sections. But 

first, four important observations are made. First, four of the six 

experimental Lj values fall within the limits given by the Herman 

code Lj values for the low and high reflectance cases. The bright 

side experimental value at 8,000 ft (4.72) falls just below the lower 

Herman value (4.8811), while the dark side experimental value at 

16,000 ft is slightly higher (3.12) than the higher Herman code value 

(2.9963). Since there is no exact pattern between the experimental 

and Herman values, there can be no definite conclusion about the 

actual ground reflectances at the experiment site. However, the 



generally close agreement between the Lj values does suggest the 

reflectances were indeed between 0.020 and 0.030 on the dark side and 

between 0.100 and 0.110 on the bright side. 

A second important point concerns the ratio of Lj to Lp 

(Herman values). At each layer the ratio Lj/Lj) is remarkably 

constant. The ratios for the layers (38, 27, and 20) are approxi

mately 0.21, 0.27, and 0.31 respectively. This also shows that the 

indirect influence does increase with increasing height as was to be 

expected because of the increase in scattering. 

Third, the indirect radiance, Lj» is always less than 20% of 

the total radiance, I/p. The ratio Lx/Lj is fairly constant on the 

bright side (0.16 to 0.17) but decreases markedly on the dark side 

from about 0.16 at 886.6 ft down to only 0.067 at 16,296.7 ft. No 

explanation for the difference between the two sides is readily 

apparent. 

Finally, the atmospheric component, L^, is rather insignifi

cant at the lowest altitude but becomes very important at higher 

altitudes. Indeed, this term predominates on the dark side at both 

the medium and high levels and shows how significant can be in 

very low reflectance situations. 

Border Values 

Another check between theory and experiment can be made by 

computing radiance values at the border and comparing them with 

experimental data. Using Eqs. (2.12) and (2.13) and the Herman code 

values listed in Table 5.6, theoretical border values can be found. 



Table 5.7 presents the solutions to the equations as well as the 

actual border values obtained experimentally for both cotton and bare 

soil. 

Table 5.7. Total Detected Radiance at the Border 

Source Altitude (ft) Radiance (pW/cm^-nm-sr) 

Theory 
Exp. 

886.8 
1,000 

ltd 
Cot 

- 1.1475 
= 1.33 

LTB 
BS 

= 3.7413 

= 3.71 

Theory 
Exp. 

8,415.0 
8,000 

ltd 
Cot 

= 2.1685 
= 2.22 

ltb 
BS 

= 4.5493 
= 4.30 

Theory 

Exp. 

16,296.7 
16,000 

ltd 
Cot 

= 2.9780 
= 3.31 

ltb 
BS 

= 5.2426 

= 5.29 

Note that only values for the combination of p = 0.020 (dark 

side) and p = 0.100 (bright side) are used here. Therefore, LiDoo = Lj 

at p = 0.020 and = Lj at p - 0.100. 

There is obviously very close agreement between theory and 

experiment on the bright/bare soil side. The largest difference is at 

8,000 ft, where the disparity is still less than 5.5%. Even on the 

dark/cotton side, the largest error is only 13.7% at 1,000 ft. 

Difference Images 

The theory behind difference images was presented at the end 

of Chapter 2 and was expressed in the form of two equations, (2.18) 

and (2.19). As was stated, if the atmosphere is very clear, then the 

H factor will be quite small, but to be precise, it cannot be disre

garded. Also, since the Herman code considers the indirect term to be 



calculated at an infinite distance from the boundary, the f factor 

will be unity in the equations. Because of the Herman code, the H 

factor does not have to be directly calculated. Indeed, the H factor, 

and thus the indirect term, can then be accounted for by merely sub

tracting the Herman values minus Additionally, it was 

assumed in the equations that T, the transmittance, was unity at the 

lower altitude. This oversimplification is not entirely correct, so a 

subtraction of direct terms is also appropriate to account for T. The 

precise inclusion of the direct and indirect terms revise the 

equations such that 

ALTd = (LDdh - LDDl) + (LIDh - LIDl) + (LAr - LAl) (5.5) 

and 

ALTb = (LDBr - LDBl) + (LIBr - LIBl) + (LAH - LAL) . (5.6) 

Again using the Herman values listed in Table 5.6, Eqs. (5.5) 

and (5.6) can be solved for the total detected radiance differences 

between altitudes. These solutions along with the experimental 

differences are presented in Table 5.8. The experimental differences 

are computed using the Edge I/f values from Table 4.1 since they, 

along with the Herman I/p values, are as far away from the border as 

possible. As in Table 5.7, radiance values from Table 5.6 used reflec

tances of p = 0.020 and p = 0.100. 



97 

Table 5.8. Total Detected Radiance Eti.fferences, ALx 

Radiance difference 

Source Altitudes (ft) (]iW/cm2-nm-sr) 

Theory 16,296.7 -- 886.8 altd = 1.766 ALTB = 1.603 

Exp. 16,000 -- 1,000 Cot = 2.11 bs 1.34 

Theory 8,415.0 -- 886.8 altd = 0.971 ALtb = 0.888 

Exp. 8,000 -• 1,000 Cot = 0.99 bs 0.39 

Theory 16,296.7 -• 8,415.0 altd = 0.795 altb - 0.714 

Exp. 16,000 -• 8,000 Cot = 1.12 bs 0.95 

The values in Table 5.8 do not, in general, show close 

agreement. Only one out of six is very close at all; the other com

parisons are up to 56% apart. Thus, this particular comparison is not 

suggestive of any agreement between theory and experimental data. As 

predicted in Chapter 2, inclusion of the indirect term made only a 

small difference in the theoretical calculations. The largest 

indirect radiance contributions were 0.037 on the dark side and 0.2027 

on the bright side, and both were at the greatest altitude difference. 



CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

The preceding five chapters have presented a great deal of 

background information about the boundary effect and the particular 

investigation upon which this work is based. At this point it is 

appropriate to draw some conclusions from the experimental effort 

and to make recommendations for further study in this area. 

Conclusions 

Perhaps the most important conclusion that can be drawn 

concerns the change in total detected radiance, L^. As the sensor was 

moved from a position beyond the far edge of the test field to the 

central boundary, a change in was observed. On the relatively 

lower-reflectance cotton side, Ly increased as the sensor moved 

toward the border. On the other hand, the higher-reflectance bare 

soil side showed just the opposite change. There, Lt decreased from 

its far edge value to a lower radiance level as the sensor's IFOV 

moved toward the border with the cotton. These changes are predicted 

by boundary effect theory. However, there are several qualifications 

that must be offered before a definite statement can be made con

cerning the existence of any boundary effect based on the available 

experimental data. 

First, the far edge radiance levels did not appear to approach 

any asymptotic values as predicted by theory. In other words, moving 
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the sensor away from the center border should have caused the 

radiance values to decrease (cotton) or increase (bare soil) to some 

asymptotic level. No flattening of the radiance curves at the edges 

is observed in the experimental data. There could be several reasons 

for not seeing the predicted leveling off. The most probable reason 

is the limited sizes of the two fields. Each side was only 300 

meters wide, so perhaps there wasn't enough distance for the radiance 

values to flatten out to their asymptotic levels. There could also 

be a problem with the uniformity of the ground cover. As mentioned 

in Chapter 4, actual variations in the cover density of the cotton may 

have contributed significantly to the observed radiance change. This 

problem could also have prevented observation of asymptotic radiance 

values at the far field edge. The bare soil side exhibited some non-

uniformities as well. Several areas of green, patchy vegetation were 

seen on the bare soil side, and these could also have obscured the 

predicted results. The most likely explanation for not observing the 

anticipated asymptotic values is probably a combination of the two 

reasons: limited field size and nonuniformities. 

The second qualification concerns the difference images. On 

either side of the border, the radiance values for the difference 

images did not show any real variation. That is, except for the 

rather large pixel-to-pixel variations, the mean radiance value 

difference for the cotton side did not change in moving from the 

central boundary to the far field edge. The same lack of overall 

change was observed on the bare soil side. Again, there are several 

possible explanations for this behavior. 
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To begin with, the theory (as explained in Chapter 2) 

indicates that the only influence that could cause the across-field 

radiance changes is the indirect term that comes from background 

areas lying outside the sensor's ground-projected IFOV. In a fairly 

clear atmosphere the H factor (Eqs. 2.18 and 2.19) will be very close 

to zero, and thus any effect from the indirect term will be very 

small and probably not observable. Another problem may be the huge 

pixel-to-pixel variations and the relatively large standard devia

tions. These could also have hidden any boundary effect in the 

difference images. Yet another difficulty could be the registration 

of the two images that make up each individual difference image. 

Registration errors were as great as 0.49 pixels, so perfectly 

accurate registration did not occur. These errors may also have 

served to prevent detection of any boundary effect in the difference 

images. 

Despite these qualifications there are certainly indications 

in the experimental data that a boundary effect is present. There is, 

in general, agreement between theoretical predictions and experimen

tal results for both the overall change of total detected radiance 

and the border values of Lf. On the other hand, the experimental 

values from the difference images do not agree very closely with 

theory. Therefore, no definite statement can be made confirming or 

denying the existence of the boundary effect. Further study is most 

desirable and may benefit from several recommendations. 
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Recommendations for Further Study 

At many points during the investigation decisions were made 

as to what data to collect, process, and examine. Weather played a 

critical role in the selection of the test field and date. Time re

strictions prevented the processing and detailed examination of data 

from all 20 flightlines. If the investigation is continued, it would 

be desirable to pursue several new and slightly different approaches 

in an effort to overcome some of the more important difficulties 

encountered. 

One of the most limiting problems was the selection of the 

scanner channel. A very short wavelength was desired so Rayleigh 

scattering would be most pronounced. However, the radiometers at the 

test site did not have channels with passbands low enough to measure 

reflectance in the passbands of the scanner channel selected for data 

processing and examination. Importantly, the raw scanner data for all 

10 channels still exists. If processed according to the methods 

described in Chapter 3, the remaining channels could be examined and 

compared to the theoretical values as was done in Chapters 4 and 5. 

If raw scanner data are ever taken again, the radiometers should be 

chosen to cover the shortest wavelengths of the sensor. 

Along with examining different scanner channels, it would be 

desirable to analyze more flightlines. Of special interest would be 

the inspection of different flight path directions. In other words, 

the north-south flightline that produced an east-west scan direction 

should be looked at to determine whether there are indeed differences 

caused by scan direction. 
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Another area for further study is the Herman code. The fine 

points of the computer program were not totally understood by the 

operator, and this may have prevented full and efficient use of the 

code. It is definitely desirable to achieve greater precision in the 

selection of altitude layers. The 1,000-ft layer in particular should 

be as exact as possible. 

No doubt the most critical deficiency, and one that may not 

be possible to correct, is the problem of choice of test field. 

Certainly the ideal test site would be two semi-infinite, completely 

uniform lambertian fields. Of course such a site does not exist in 

nature, but it may be possible to find another field or area of con

trasting reflectance that is larger and more uniform than the site 

chosen for this experiment. Many such sites were observed during the 

search phase of the investigation, but none had the distinct border 

between the different reflectance areas. This center boundary is 

critical to the experiment but does not often occur in nature. 

Final Comments 

It is important to note that polarization was not taken into 

account in this investigation. This may have been significant with the 

short wavelengths and near-Rayleigh atmosphere considered. Also, 

remember that the theoretical altitudes could not be precisely 

matched to the experimental altitudes. Additionally, the calculations 

made did not account for diffuse radiance of the ground. 

Despite the effort that went into the investigation, no final, 

conclusive result can be stated. The evidence does suggest that a 
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boundary effect may be present, but some of the data dispute that 

conclusion. What can be said is that the experiment has not disproved 

the existence of the boundary effect. It is hoped that similar 

studies will be undertaken in the near future and that more conclu

sive results will be achieved. 



APPENDIX 

IDIMS SOFTWARE ROUTINES 

This appendix describes each of the ESL Interactive Digital 

Image Manipulation System (IDIMS) routines used in the digital image 

processing during the study. The routines are presented 

alphabetically. 

ADD - Performs weighted additions, pixel by pixel, on images of the 

same size. Summing is by applying optional weights supplied by the 

analyst. Weights used in the experiment were +1 and -1. 

CPPICK - Allows the analyst to select control point pairs in related 

images. Corresponding control points are stored in each image's men

suration file for use by the REGISTER function. 

MAGNIFY - Changes the scale of an image (either magnified or reduced) 

in the line and/or sample (column) direction using multiplication 

factors supplied by the analyst. Interpolation can be by nearest-

neighbor, bilinear, or cubic convolution, but cubic interpolation was 

used exclusively during the study. 

PICSTAT - Calculates and prints statistics of an image including its 

mean value and variance. The use of a DO loop allowed each sample 

column to be treated as an individual image so that the statistics of 

a desired number of pixels within a column could be calculated. 
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PICVAL - Prints the image values, pixel by pixel, in a floating point 

format. After calibration, pixel values were in units of radiance, 

yW/cm^-nm-sr. 

REGISTER - Performs a 2-D spatial transformation of an input image 

based on either analyst-supplied control points or transformation 

equations or analyst-generated mensuration files. The following 

parameters can be supplied: 

MAXTYPE: Degree of polynomial to use in determining the trans

formation that will map input line-sample pairs to output line-sample 

pairs. 

Given: IL = input line, IS = input sample, OL = output line, OS = 

output sample, A(i) and B(i) = coefficients determined by least 

squares fit and MIPTS and DIPTS. 

For the study, MAXTYPE = 3 was always used such that 

IL = A(0) + A(1)*0L + A(2)*0S + A(3)*0L2 

+ A(4)*OS2 + A(5)*0L*0S + A(6)*OS3 + A(7)*OL3 

and 

IS - B(0) + B(1)*0L + B(2)*0S + B(3)*0L2 

+ B(4)*0S2 + B(5)*0L*0S + B(6)*0S3 + B(7)*OL3 

DIPTS : Control point pairs (line-sample) in the input image (real 

array). 
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MIPTS : Corresponding control points on the desired output image 

(real array). 

INTERPOL: The method of interpolation employed in the coordinate 

transformation. Method can be NN-nearest neighbor, BL-bilinear, or 

CC-cubic convolution. CC determines the output value by using a 

third-order cubic spline function to fit the 16 nearest pixels. CC 

was always used in the study. 
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