
The shorter blue wavelengths are most af- 
fected, but in some instances serious effects 
occur in the green and even red end of the 
spectrum. Light scattering and absorption 
is of consequence for all types of remote 
sensors; but because images are the product, 
the effects seem more prominent in multi- 
spectral photographs where the blue and 
green records have visibly less scene con- 
trast than the red and infrared. 

Haze light affects the recording of the 
lower scene radiance values more than the 
higher, resulting in a distorted reproduction 
curve, which can vary considerably between 
spectral bands. Other factors which affect 
the exposure-density relationship in photo 

A simple alternative method (which auto- 
matically takes into account many variables 
in the photographic process) is offered for 
quickly estimating gross atmospheric effects 
on image densities. The method requires 
only spectral filter response curves for the 
films used, and known or estimated ground- 
level reflectance (or radiance) values for two 
or more subjects of types normally found in 
multispectral imagery. 

At worst, the reduction method is capable 
of estimating relative percentages of subject 

* Presented at  the Annual Convention of the 
American Society of Photogrammetry, Washing- 
ton, D. C., March 1972. 
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FIG. 1. Idealized linear photographic film response where the film 
density values are equal to the log,, exposure values. 

reflectance values between spectral bands to 
a first approximation. At best, quantitative 
radiance values might be derived if enough 
scene radiance data and film-filter factors 
(response in ergs/cm2) are known accurately. 

An understanding of the main factors af- 
fecting spectral image recording is helpful in 
explaining why data corrections are neces- 
sary, and how this can be done. A brief 
survey of some key elements follows. 

SENSITOMETRIC RESPONSE 

In a perfect recording system, image den- 
sities could be directly related to the ex- 
posing energy (scene radiances), if exposure 
is adjusted so all radiances are recorded on 
the linear part of the response curve, and the 
film is processed to gamma 1.0, as shown in 
Figure 1. Gamma 1.0 (tun 8 of the 45" film 
response slope) represents a 1: 1 ratio be- 
tween film density and exposing energy; 
the latter in log,, units, and density as log,, 
of film opacity. Thus absolute log E radiance 
units represented by 0.6, 1.5 and 2.4 in the 
figure, would produce 0.6, 1.5 and 2.4 den- 
sity units in the perfect system. 

Gammas larger or smaller than 1.0 repre- 

sent increases or decreases in the energy- 
density ratio; i.e., at gamma 2.0, the ratio of 
scene radiances recorded by film densities 
are amplified by a factor of two, and image 
contrast is twice as high as actually received 
at the camera station. Gammas higher than 
1.0 are normal in aerial photography. 

It is not operationally practicable to have 
a perfect photographic recording system. 
Small differences between film batches, 
filters, spectral response and curve shape, 
exposure, processing, and other factors pro- 
duce a film response similar to that shown in 
Figure 2; log E units of 0.6, 1.5 and 2.4 are 
now represented by densities of .18, 1.3 and 
2.65, respectively. This is not a criticism 
of the photographic process per se; other 
sensors exhibit similar non-linear character- 
istics which must be corrected also for data 
reduction. 

SPECTRAL SENSITOMETRIC CONTROL 

It is necessary to have spectral sensitomet- 
ric control step tablets exposed on the orig- 
inal film(s) through each of the spectral 
filter types used, by a light source equivalent 
to daylight. The control exposures should be 
made as close as possible to the time of pho- 
tography, to avoid latent image failure ef- 
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FIG. 2. Sensitometric film response curve for a typical film (Kodak 
Plus-X Aerographic 2402). 

fects. Sensitometric exposure duration (by 
strobe or shutter) should be in the same 
order as camera shutter speed if reciprocity 
effects are likely to be of consequence'. 

These are standard control procedures in 
multispectral work where valid analyses are 
to be performed. The characteristic response 
curves for each spectral band should be 
plotted as in Figure 2, preparatory to data 
reduction. 

FILM SPECTRAL RESPONSE 
THROUGH THE ATMOSPHERE 

The unpredictable atmospheric haze ef- 
fects differ between spectral bands ac- 
cording to the nature and concentration of 
the aerosols. It was noted that scene reflec- 
tance or radiance values are affected more in 
the lower values than the higher. Consider a 
spectral scene with a range of 5-percent 
reflectance at the low end and 50 percent at 
the high: If viewed through the veiling light 
of a 5-percent atmospheric haze, the low 
value will now appear to be 10 percent, or 
doubled in radiance, relative to the high of 
55 percent, which has been only increased 
by one-tenth. All remote sensors are affected 
by this phenomena, which must be ac- 
counted for where relative or quantitative 
values are to be determined. The effect is to 
decrease the recorded contrast of the low 

reflectance or radiance values relative to the 
brighter objects. To complicate matters, dif- 
ferent spectral bands will see different per- 
centages of haze, the blue more than the 
green, the green more than the red, and red 
band more than the infrared. 

GRAPHIC EXPRESSION OF 
HAZE EFFECTS 

Tupper and N e l s ~ n , ~  in studying the ef- 
fects of haze on the tonal reproduction of 
black-and-white aerial photographs, devel- 
oped a graph showing the theoretical dis- 
torting effects of various amounts of haze on 
the tone reproduction cycle. Based on the 
analysis of samples, corrections were ap- 
plied to account for atmospheric absorption. 
As haze increases, so does spectral absorp- 
tion, and ground reflectance is reduced to 
some lesser value if seen through the atmo- 
sphere column. In plotting haze curves of 
different percentages against the exposure 
scale it is found they cross over at some 
intermediate point at the high end (high 
scene radiance or reflection percentage). 

In an experiment where multispectral 
photographs were made of a large step tabIet 
array on the ground from various altitudes, 
the same approach was adopted to derive the 
set of curves given in Figure 3. The point of 
origin of the curves was established at 63- 
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LOG,. P E R C E N T A G E  SCENE REFLECTANCE 

FIG. 3. Curves illustrating effects of different amounts of atmo- 
spheric haze in distorting the linear reproduction of scene radiances. 

percent reflectance; this is empirical but is 
based on limited experimental data. Atmo- 
spheric light absorption will vary according 
to the spectral band and the types and con- 
centrations of aerosols, displacing the set of 
curves to the left at higher absorption or to 
the right at lesser absorption. However, on 
the logarithmic scale for high-scene radiance 
percentages such displacements would be 
relatively small, and for practical purposes 
the origin is generally somewhere near this 
point within the range of visible and infrared 
photographic sensitivity. 

Atmospheric effects on the image may be 
evaluated by including large gray-scale 
ground panels in the photography, from 
which film response curves are plotted from 
the recorded densities of the step images. 
The enormous size of panels which would 
be required for high-altitude and space 
imagery precludes this approach. Brock and 
others have pointed out that the more signif- 
icant atmospheric effects can be inferred by 
comparing images of black-and-white areas; 
the contrast compression ratio indicating the 
effect of haze. Whether these be man-made 
or natural features is immaterial so long as 

something is known about their reflectance 
characteristics, in this instance, their spec- 
tral reflectance characteristics; and the im- 
age is large enough for densitometry. 

In the ideal case, the experimenter has 
made spectral radiometric or reflectance 
measurements on subjects of interest in the 
scene, hopefully taken near the time of over- 
flight. If these areas are not large enough to 
be imaged in the photographs at a size ade- 
quate for densitometry, larger areas in the 
vicinity, of the kinds discussed later, should 
also be measured for future reference. 

The reference areas in the photographs 
should be near the nadir point at a scale 
minimizing adjacency effects1; that is, the 
non-linear density increaseldecrease at area 
boundaries which would falsify density 
measurements. The image of the reference 
area should be not less than 1.2 mm in 
diameter if measured with a 1 mm densi- 
tometer aperture. Because of adjacency ef- 
fects, microdensitometry of small areas is not 
advisable for this method of data reduction. 

If ground truth is not available, data on 
orders of spectral reflectance for many sub- 
jects are found in the literature, as in Refer- 
ences 4 through 8, and may be used for es- 
timating reflectances. 
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FIG. 4. Normalizing density data from areas of high and low 
reflectance (or radiance) for estimating the haze factor. 

Reference areas of high- and low-spectral 
reflectance are required, preferably equally 
reflective in the spectral bands to be  com- 
pared. Freshly plowed black soil, asphalt 
~ a r k i n g  lots, and aircraft runways are suit- 
able for low reflectance areas. White beach 
sand, fresh concrete, snow on flat surfaces 
(use with caution-new snow may be  too 
highly reflective), areas where light-colored 
soils are exposed for construction work are 
examples of where reflectances in the order 
of 40 to 60 percent can be  found. 

These examples will suggest other pos- 
sible reference subjects to experimenters 
specializing in forestry, agriculture, soil 
identification, geology and other sciences, 
who know from experience or measurement 
the probable orders of spectral reflectance 
expected from particular subjects. 

DATA NORMALIZATION 

The objective is to normalize image den- 
sities to the values they would have had, if 
it  had been possible to make a perfect ex- 
posure on the linear portion of the film curve 
processed to gamma 1.0; that is, to deter- 
mine relative but unknown reflectance val- 
ues of significant areas by converting den- 
sities obtained in the typical response curve 

shown in Figure 2 to the form illustrated in 
Figure 1. Normalization is done as follows: 

1. The density of the most highly reflective ref- 
erence area (least affected by the atmo- 
sphere) is measured. Its known ground-level 
reflectance in the spectral band concerned 
should be in the order of 40 to 60 percent. 
The measured density is then marked on the 
film spectral response curve. Let us assume it 
is D = 1.46 at A in Figure 4, and is known 
to have 50-percent reflectance, or 1.70 in 
logarithmic units. 

2. A vertical line is produced from A to B, at 
1.70 measured on the density scale. 

3. A gamma = 1.0 (45") line is drawn through B. 
4. The density of the least reflective reference 

area is measured and marked on the film 
response curve at C; assume it is D = .90. 

5. Draw a vertical line from C to intersect the 
gamma = 1.0 line at D and note that the fig- 
ure on the density scale at this point reads 
1.32. 

6. If the least reflective reference area was 
known to have 7-percent reflectance, its den- 
sity on the perfect gamma = 1.0 reproduction 
curve, unaffected by the atmosphere, should 
be about .85 (log,, of 7 percent, Figure 3) in- 
stead of 1.32. The difference is attributable 
to effects of atmospheric light. On the haze 
diagram in Figure 3, read up from .85 on the 
reflectance scale to the point where 1.32 den- 
sity intersects a haze curve. This is found at 
the 20-percent haze line. 

7. The effect of a 20-percent haze on other 
scene reflectance-density relationships may 
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FIG. 5. Normalizing the density data on a positive film transpar- 
ency. 

now be found in Figure 3, by tracing along 
the 20-percent haze curve. For example, a 
surface reflecting 16 percent (1.2 on the 
gamma = 1.0 curve) would become 1.44 in 
the presence of 20 percent haze as shown in 
Figure 3 where 16 percent intersects the 
haze line. If this is transferred to Figure 4, a 
line dropped from 1.44 at ( e  to f )  intersects 
the film curve at a density of 1.10. Other 
areas in the scene with densities of 1.10 will 
also have reflectances in the order of 16 per- 
cent. 

In some applications the position of the 
high-reflectance density point on the film 
response curve may require the line to be 
dropped, rather than erected, as in the ex- 
ample. The gamma = 1.0 line is drawn as 
described, and may even cross the film 
curve, reference lines being drawn up or 
down, as the situation requires. The same 
graphic procedures apply to sensitometric 
curves for positive images, as shown in Fig- 
ure 5. 

CORRELATING SPECTRAL HAZE FACTORS 

Gross atmospheric effects as they influ- 
ence each spectral band may be plotted in 
the form shown in Figure 6, prepared from 
red, green and blue multispectral images 
taken from an altitude of 6,000 feet. The data 

points are normalized from density measure- 
ments on the images of a large step tablet 
recorded in each of the three bands. The R, 
G, B ordinate axes are measured spectral 
reflectances in the red, green and blue 
bands. 

The red band has a 7- to 8-percent haze 
factor, the blue about 15 percent and the 
green, 20 percent. Incidentally, the reversal 
of haze conditions between the blue and 
green bands, although unusual, is not un- 
known; the types of aerosols, particle sizes 
relative to the spectral wavelengths con- 
cerned, and stratification of haze layers can 
produce such effects. 

ERROR SOURCES 

Accuracy depends on knowing as exactly 
as possible the reflectances of the selected 
high- and low-reflectance reference areas. 
For example, if the high-reference area was 
actually 40 percent rather than the 50 per- 
cent given in the example, the normalized 
low reference would read 1.21; a haze factor 
of 13 percent rather than 20 percent. Areas of 
16 percent reflectance in this instance would 
appear to have a density of 1.17 rather than 
1.10. 

If it has not been possible to make ground 
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FIG. 6. Estimating the haze effects in the blue, green and red spec- 
tral bands as determined aerial photographic images of gray step 
tablet on the ground. Circled points indicated are for a 57A green 
filter, squares are for the I2S-G green, X for 47B blue, and triangles 
for the 25 red filter. Estimated haze factors: blue, 15 percent; green, 
20 percent; and red, 7 to 8 percent. 

measurements of the reference areas and es- 
timates from reflectance tables are used, care 
must be taken to account for sun angles, 
flatness of terrain and seasonal factors if 
these apply. Error can be reduced by mea- 
suring the densities of as many areas as 
possible, where percentage reflectances are 
known, or can be estimated with some accu- 
racy. These normalized data can be plotted 
at intermediate points as in Figure 5. This 
aids selection of the haze curve which best 
fits the data points with an improvement in 
accuracy commensurate with the number of 
measurements normalized. 

Another possible error source lies in the 
choice of 63 percent as the crossover point 
for the haze curves. As noted, light energy is 
not absorbed equally through the spectrum, 
and the crossover will vary between spectral 
bands according to altitude and haze con- 
centrations. Table 1 gives approximate per- 
centages of light transmission in four filter 
spectral bands at two altitudes under fair 
photographic conditions, derived from El- 
terman's model a tmo~phere .~  

The variations in spectral transmission are 
not so large that, inasmuch as lens absorp- 

tion, camera flare and similar factors are 
included, the combination of effects would 
shift the haze cross-over point significantly 
from the 63-percent region used in the ex- 
ample. However, more experience with this 
data-reduction method, particularly with 
images taken from orbital altitudes, may 
require a separate set of curves for each 
spectral band to improve accuracy. 

Finally, too much confidence must not be 
placed on data which show haze to be 5 per- 
cent or less if the photographs have been 
taken from above 4,500 or 5,000 feet. Hazes 
of 10 percent in the visible region represent 

TABLE 1. APPROXIMATE PERCENTAGES OF 
SPECTRAL ATMOSPHERIC TRANSMISSION FOR 

WRATTEN FILTER BANDS 
(for 7-nautical-mile meteorological ground 

visibility, derived from Ref. 9. 

Filter Region 13,000 ft. ASL 50,000 ft. ASL 

Blue - 47B 62% 55% 
Green - 57A 68% 63% 
Red - 25 73 % 70% 
Infrared- 88A 79 % 76% 
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excellent photographic conditions, which 
are rather rare. 

In conclusion, the procedures described 
permit rapid estimates of the gross effects of 
the atmosphere on multispectral images, 
and relative effects on individual spectral 
records. Where sufficient and accurate spec- 
tral radiometric data on ground areas are 
available, where absolute spectral film re- 
sponse is known, and where the photomet- 
ric qualities of the camera system are cali- 
brated, the procedures offer a means of mea- 
suring atmospheric effects in radiometric 
terms. Further refinement of these proce- 
dures is desirable. 

3. Brock, G. C. The Physical Aspects of Aerial 
Photography, Dover ed. 1967. 

4. Krinov, E. L. Spectrul Reflectance Properties 
of Nutzlrul Formcctions, National Research 
Council of Canada, Technical Translation 
TT-439, from Aero Methods Laboratory, 
Academy of Sciences, USSR. 

5. Condit, H. R. "The Spectral Reflectance of 
American Soils," Photogrammetric Engineer- 
ing, 36:9, Sept. 1970. 

6. Reflectance Curves of Soils, Rocks, Vegetation 
6 Pavement, Research Report 1746-RR, U. S. 
Army Engineer, Research & Development 
Laboratories, April 1963. 

7. Keegan, H. J., Schleter, J. C. An Index of Spec- 
trophotometric Curves of Color Reconnuis- 
sance Proiect, NBS Re~ort No. 5183. Dec. 

REFERENCES 1957. 
8. Walker, J. E., et a1. Spectral Reflectance Data 

1. James, T. H., editor. The Theory of the Pho- and its Applicability to Terrain Studies by  
tographic Process, 3rd ed. The Macmillan Co., Aerial Photography, Broadview Research 
1966. Corp., December 1954. 

2. Tupper, J. L., and Nelson, C. N. "The Effect 9. Elterman, L. Vertical-Attenuation Model with 
of Atmospheric Haze in Aerial Photography Eight Surface Meteorological Ranges 2 to 13 
Treated as a Problem in Tone Reproduction." Kilometers, Air Force Cambridge Research 
Photographic Engineering Vol 6, No. 2, 1955. Laboratories, AFCRL-70-0200, March 1970. 

Associated Surveys Pty Ltd 
OCATED IN Perth, Western Australia, triangulation, digital terrain models (one area 

LAssociated Surveys Pty Ltd have played recently tackled involved 250,000 observa- 
a major role in the photogrammetric and sur- t ions),  road center l ine  determinations,  
veying field during the State's rapid expan- earthwork and layout from d.t.m., cadastral 
sion of the last seven years. surveys of mineral claim boundaries in  

Established in 1966 by Mr. Kevin Pownall remote areas using photogrammetry to deter- 
and  Mr. Pe te r  Livings,  the  Company's mine the coordinates of premarked corners, 
capabilities in professional surveying and underwater contouring of near-shore areas 
mapping were quickly established, leading u s i n g  f i l t e red  color  pho tographs  a n d  
to an expansion from one Wild B8 Aviograph specialized control systems, plus many other 
to a complete, balanced organization e a u i ~ -  varied examvles. 
ped with a Wild A7 ~u tograph  c o u p l ~ d  to 
the EK5 A digitizing equipment an IBM 545 
card punch, Wild A8 plotter, two Wild B8 
plotters, a PUG 4 point transfer device and 
other ancillary equipment. 

Support facilities for the Company's map- 
ping programs now include a large survey 
organization fully equipped with a wide 
range ofEDM equipment and capable ofper- 
forming all types of control, engineering and 
cadastral surveys, and well-equipped draw- 
ing office, supervised by a qualified cartog- 
rapher experenced in all modern carto- 
graphic techniques. 

Contracts have been completed at map- 
ping scales ranging from 1: 100,000 (Federal 
Mapping Program) to 1:200 engineering 
work. Large areas of the northwest ofwestern 
Australia have been mapped for iron ore com- 
panies, both for exploration and railroute 
investigation. 

Specialized services include both analyti- 
cal and semi-analytical methods of aerial 

Close ties exist between the Company and 
local aerial photographs, geophysical con- 
t rac to rs ,  t o w n  p l a n n i n g  c o n s u l t a n t s ,  
engineering companies and other related 
professional companies. 

Hydrographic surveys can be conducted 
by the sister company, Strata Marine Pty Ltd 
who have recently completed port-site inves- 
tigations on the northwest coast, dredge con- 
trol and supervision in iron ore ports, under- 
water investigation, including drilling and 
seismic profiling, submarine pipe surveys 
and marine surveys on ships in all parts of 
Western Australia. 

T h e  Company's head office is ideally 
situated for tackling surveying and mapping 
projects in Southeast Asia and has recently 
registered in Indonesia as a contractor to the 
oil and mineral industries. 

Copies of Company brochures can be 
immediately forwarded on request to give 
additional information. 


