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ABSTRACT: A simple and practical method for empirical determination of cover type brightness variations with view 
angle in multispectral airborne video imagery was developed. Video imagery acquired from several altitudes between 
late spring and early fall (i.e., with a multitude of illumination and view angle configurations) was analyzed. For several 
cover types, digitization of successive video frames was carried out with each cover type at five positions across a 
5 16.7" view angle. Results of three-way factorial analysis with cover type, altitude, and spectral band as factors showed 
that each significantly affected the magnitude of cover type brightness variation with view angle. The variations were 
also consistently linear to near-linear, with cover type brightness increasing towards the side of the image opposite to 
the sun illumination direction. Evaluation of band ratios showed an average reduction in brightness variations to 42 
percent of the raw data variations. In unsupervised clustering of the ratio data, single cover types which extended 
spatially across the total view angle were identified as single spectral classes instead of several as in the raw data. Post- 
classification merging of classes from the same cover type was therefore avoided. 

INTRODUCTION 

I N THE PAST DECADE, airborne videography has become a cost- 
effective tool in many remote sensing applications. It pro- 

vides low cost imagery in electronic format suitable for digiti- 
zation using a frame grabber. Images can be viewed in-flight 
for real time monitoring of target coverage. The high data gen- 
eration rate (V30s per image) provides continuous viewing of 
the land surface as it passes across the sensor view angle. Cur- 
rent analog video systems suffer from low spatial resolution in 
comparison to photography and sophisticated scanners. How- 
ever, the fields of solid-state video and digital scanning are 
merging with the evolution of high resolution digital frame 
cameras. 

Several analog multispectral video systems have been devel- 
oped by research institutions and the private sector. They con- 
sist of either (i) multiple video cameras, each with an attached 
bandpass filter (e.g., Vlcek and King, 1985; Nixon et al., 1985; 
Roberts and Evans, 1986; Hazard, 1987); (ii) a single camera with 
internal beamsplitting optics (e-g., Meisner and Lindstrom, 1985); 
or (iii) a single camera with external spinning filter wheel (e.g., 
Niedraurer and Paul, 1985). The former configuration requires 
multiple video recorders and synchronization circuitry (Nixon 
et al., 1985) or a single recorder and electronic signal manipu- 
lation to record all cameras on one VCR (Vlcek and King, 1985). 
The second configuration produces color infrared composite im- 
agery and separate band outputs corresponding to the RGB sig- 
nals. The third configuration produces band sequential video 
images which are recorded onto a single VCR. 

Each of these system types has been extensively applied both 
in research and operational projects. Applications have been 
primarily concerned with extraction of multispectral image in- 
formation for vegetation identification/classification or vegeta- 
tion healtwdamage assessment. Examples include evaluation of 
rangeland conditions (Everitt and Nixon, 1985), discrimination 
of forest and land-cover types (King and Vlcek, 1990; King et 
al., 1986), mapping of gypsy moth defoliation (Lusch and Sapio, 
1987), and monitoring of sugar maple decline (Yuan et al., 1989). 
These represent a limited sample of the many applications of 
videography which have been reported in journals or sympo- 

sium proceedings (e.g.-the AsPRS Special Workshop on Vi- 
deography in 1988 and the ASPRS Biennial Color IR Photography 
and Videography Conferences in 1985,1987, and 1989). 

In these and other applications which require two-dimen- 
sional quantitative image processing and analysis, video im- 
agery suffers from the combined effects of image plane irradiance 
variations with view angle due to optical characteristics (cos4 
brightness reductions with view angle and vignetting), atmos- 
pheric attenuation, and bi-directional feature reflectance varia- 
tions (see Slater, 1980). In this study, the primary research 
objective was digital land-cover classification using multispec- 
tral airborne video (see King and Vlcek (1990) and King (1988)). 
Consequently, analysis of these factors individually and data 
calibration were not performed because they were not as im- 
portant as empirical analysis of the net cover type image bright- 
ness variations and their effects on multispectral classification. The 
goals of this research were to (i) produce a simple and easy to 
implement methodology for determination of net cover type 
brightness variations with view angle in digital multispectral video 
images, (ii) determine the magnitude and trend of these cover- 
type brightness variations, (iii) analyze the effectiveness of band 
ratioing in reducing these variations, and (iv) evaluate multispec- 
tral classifications for improvements due to band ratioing. 

VIDEOGRAPHY ACQUISITION 

The four-camera video sensor (~CVS) developed by Vlcek and 
King (1985) was used for data acquisition. A schematic of the 
system is shown in Figure 1. It includes (i) four solid-state (CCD) 
black-and-white video cameras (sensitive in the 400nm to llOOnm 
spectral range) with narrowband interference filters mounted 
on the front of the lenses, (ii) a band-sequential multiplexer 
which switches between the cameras at field (V60s) or frame 
(V30s) rates, (iii) a color encoder which provides color or false 
color composite imagery from combinations of three user se- 
lectable cameras (spectral bands), (iv) two VCRs for separate 
recording of the sequential black-and-white and color/false color 
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-,Filters were analyzed from this data were black spruce (Picea rnariana), 
r ) Lenses deciduous trees occurring as minor groups within the black 

spruce forest (aspen (Populus trernuloides), balsam poplar (Po- 
Black a n d  White pulus balsamifera), and white birch (Betula papyrifera)), wild grass, 

CCD Cameras bare soil, and water. 

IMAGE ANALYSIS METHODOLOGY 

Videography is unique in that its format is a two-dimensional 
frame exposure of the land surface which, for conventional NTSC 
video, is repeated every 1130s. Consequently, in aerial imaging, 

Encoder Multiplexer successive video frames have very large overlap. An object can 
be viewed from a continuously varying sun angle/view angle 
combination as it crosses the vertical image dimension from top 
to bottom (i.e., it may be present in several hundred video 
frames as the aircraft passes over it). This is different from both 

Monitor VCR photography and line scanning. In stereo aerial photography, 
an object may only be present in a few images using typical 
overlaps while, in line scanner images, the object is imaged only 

Visual Image  Computer  
in the swath directly beneath the aircraft. 

I Interpre ta t ion  I Processing 

FIG. 1. Schematic of the 4cvs. 

imagery, and (v) a monitor for in-flight monitoring of both video 
signals. The system is described in more detail in King (1988) 
and King and Vlcek (1990). 

From 1985 to 1987, multispectral aerial video imagery was 
acquired several times using the 4CvS for the primary purpose 
of evaluating its potential in land-cover classification. Table 1 
lists the dates, local sun times (LST), sun elevations and azi- 
muths, altitudes, and flight directions for flights over the test 
sites described below. It illustrates the variety of data acquisi- 
tion conditions from which the analysis was conducted. All 
imagery was acquired with 8-mm focal length lenses which re- 
sulted in an angle of view of 216.7" in the vertical image di- 
mension. Additional flight details are given in King (1988). 

Two test areas in southern Ontario and one test area in north- 
ern Ontario were imaged. Site 1 in southern Ontario was just 
northwest of Toronto and included two conservation areas plus 
adjacent agricultural land. The cover types sampled at this site 
were uniform hay crop, short grass, mixed deciduous forest 
(primarily maple: Acer spp., beech: Fagus grandifolia, and ash: 
Fraxinus spp.), single deciduous trees, bare soil, red pine (Pinus 
resinosa) plantations, and water. Site 2 in southern Ontario was 
about 100 krn east of Toronto near the town of Orono. It in- 
cluded agricultural land and a forest nursery. The cover types 
sampled were the same as at Site 1 with the exception of water 
and the addition of Norway spruce (Picea abies) plantations, Scots 
pine (Pinus sylvestrus) plantations, and sod. In northern On- 
tario, Site 3 consisted of part of a large boreal forest manage- 
ment region near the town of Kapuskasing. Cover types which 

Four-band video imagery which was recorded from the switcher 
output was digitized using a 1024 by 1024 frame grabber parti- 
tioned into four 512 by 512 quadrants. The frame grabber was 
programmed to store four consecutive video frames, one in each 
quadrant. Because the switcher output consisted of four-band se- 
quential video frames, a set of four spectral bands could be digi- 
tized at once. Four-band image data sets were digitized with each 
selected cover type at five positions (view angles) across the ver- 
tical image dimension ( 2  16.7"). The positions were near the top 
(approx. - 14"), middle of upper half (approx. -T), center (0°), 
middle of lower half (approx. + T), and bottom (approx. + 14"). 
At the time this research was conducted, the image analysis sys- 
tem which was available was only capable of processing 256 by 
240 digital images. Consequently, each 512 by 512 image had to 
be re-sampled using a 2 by 2 averaging filter. 

Once five mdtispectral data sets were obtained for each cover 
type, a window was delineated within them for extraction of mul- 
tiband statistics. The window was consistently located to ensure 
that the same spatial area within each cover type was sampled at 
each view angle. The windows were between 100 and 1200 pixels 
depending on cover type area and uniformity. Figure 2 shows a 
schematic of this sampling procedure in a forest stand. A window 
has been delineated in the same location within the stand at five 
view angles (i.e., in five digitized images) as the stand passed 
from top to bottom of the field of view. 

The mean cover type brightness was determined at each po- 
sition and linearly correlated with view angle (visual analysis 
of the data showed that this was the best trend). As well, the 
maximum per cent difference in mean cover type brightness 
from nadir (MPDN) (see Kimes (1985)) in the vertical image di- 
mension was determined (the term nadir is applied to the image 
center at 0" angle of view). Due to difficulty in sampling at the 
very edges of the image, the top and bottom samples were 

TABLE 1. VIDEOGRAPHY ACQUISITION INFORMATION. 

DateITime Altitude Flight 
Site (LST) Sun Elevation/Azlmuth (m) ~irection 

I 04 June 85, 7:45-935 34-50190-108 304,610,1220 E-W, W-E 
28 Sept 85, 7:45-&45 18-291110-122 610,1220 E-W, W-E 

27 Sept 87, 10:00-10:30 3942444-151 1220 E-W 
2 04 June 86, 12:45-13:45 69-621209-238 460,915 E-W, W-E 
3 08 July 86, 1245-1415 65-WO4239 304,610,1220 N-S, S-N 
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Image 1 Image 2 Image 3 

.Sample W o w  ----.-Forest Boundary 

FIG. 2. Schematic showing typical sampling procedure for 
a forest stand at five view angles. Flight direction is towards 
the top of each image (- 16.73. 

typically located at about rt 13.8". This sampling and analysis 
procedure was repeated for all cover types in three spectral 
bands which were common to each of the flights. The bands 
were 530 to 570nm (green), 630 to 670nm (red), and 780 to 
820nm (near IR). Including repetitions within cover types (where 
the cover type extended over a large enough area to be sampled 
in more than one location), the total number of linear correla- 
tions and MPDN analyses conducted was 174. 

At Site 2, it was possible to sample seven cover types (listed 
in Table 2) in imagery taken from two altitudes to determine if 
variations in altitude, cover type, or spectral band had signifi- 
cant effects on brightness variations from nadir. The method 
used was a factorial analysis of variance. 

Band ratioing is a common image processing technique which 
can be used to reduce unwanted data variation with view angle. 
Variations caused by atmospheric attenuation, topography, and 
illumination-viewing geometry are most effectively reduced when 
they are consistent from band to band. Results from this research 

(discussed later in Results section) illustrated this consistency, so 
several band ratios were tested as means to reduce them. Prelim- 
inary tests were conducted to compare (i) simple ratios (Bi/B,), (ii) 
normalized difference ratios (B, - BjlBi + Bj), and (iii) band-sum ra- 
tios (BiEB,) (based on software capabilities). The best method was 
then applied to all cover types in all bands to evaluate the overall 
reduction in MPDN for d fight conditions. 

A portion of one of the conservation areas in Site 1 was used 
as a test site to compare classification of land-cover types using 
raw data and ratioed data. (This part of the research was part 
of a larger study to determine the optimum image processing 
procedures for classification of airborne video (see King and 
Vlcek (1990) and King (1988)). The data were acquired 4 June 
1985 (see Table 1). The four original video bands of the site are 
shown in Plates la  to Id. Many shadows were present in the 
data due to the low sun elevation. Band 4 (880 to 920nm) was 
slightly out of focus due to incorrect CCD sensor positioning. 

Unsupervised systematic sampling of the scene every 8th row 
and column produced 960 training pixels. These were input to 
a k-means clustering procedure (Frank and Luman, personal 
communication). (Note: unsupervised methods were used to 
avoid bias in training data selection; the k-means approach was 
used based on software availability.) Clusters were merged it- 
eratively until all paired values of transformed divergence were 
greater than 1500. The resulting training data were then input 
to a maximum-likelihood classifier. The ground survey image 
shown in Plate le shows the areas of homogeneous cover types 
in this scene (listed in Table 3a) which were identified after 
extensive field survey and comparison with Metro Toronto Re- 
gion Conservation Authority maps. This image was used as a 
comparison to the automated ~Iassifications for accuracy eval- 
uation on a pixel-by-pixel basis. 

RESULTS 

Figure 3 shows typical examples of the variation of mean 
sample values with view angle in each band for soil, red pine, 
aspen, and grass. The sun azimuth is indicated by an arrow in 

- -- - - -- 

Altitude 
460 m 915 m 

Band (nm) Band (nm) 
Cover Type 550 650 800 550 650 800 

Norway Spruce 17.4 22.0 10.9 13.0 13.9 10.6 
Scots Pine 4.0 9.3 3.4 10.7 8.0 2.4 
Sod 8.1 16.6 10.7 14.5 12.8 6.1 
Grass 19.9 34.6 13.5 12.9 21.0 2.3 
Deciduous forest 1 14.5 13.5 22.6 8.8 10.2 5.1 
Deciduous forest 2 17.1 11.0 10.6 10.0 18.0 6.5 
Deciduous forest 3 9.1 11.0 5.0 8.8 19.0 5.8 

TABLE 2b. FACTORIAL ANALYSIS OF VARIANCE RESULTS FOR DATA IN TABLE 2a. 

Sources of Variation d f SS MS F 
Cover types (C) 6 441.97 73.66 4.3s 
Altitudes (A) 1 98.75 98.75 5.81* 
Bands (8) 2 396.78 198.39 11.67" 
C X A  6 233.01 38.84 2.28 
C X B 12 256.39 21.37 1.26 
A X B  2 29.38 14.69 0.86 
C X A X B  12 204.08 17.00 - 
'Significant at a = 0.05, **Significant at a = 0.01 
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(el 
PLATE 1. (a) 530-570nm video band. (b) 630-670 video band. (c) 780-820nm video band. (d) 880-920nm video band. 
(e) Ground survey image. Cover types are listed in Table 3a. 

plan view in relation to the four cardinal directions N,S,E,W. are very typical of the results obtained for all cover types in all 
The direction of flight was towards the top of the image (the bands under the given imaging conditions. The standard de- 
left side of each graph at - 15" angle of view). The sun azimuth viation about each mean ranged from 1.7 percent of the mean 
and elevation for each cover type are not given because the value to 17.2 percent. In general, smooth features such as sod 
exact time of imaging was not known. Refer to Table 1 for ap- had low data variance while rough features such as forest can- 
proximate imaging times and illumination angles. These curves opies had high data variance. 
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The average maximum percent difference from nadir (MPDN) 
aggregated for all the data (i.e., all cover types, bands, altitudes) 
was 12.8 percent (s = 4.8 percent, n = 174). This means that, 
on average, the maximum variation in mean cover type bright- 
ness in the vertical view angle of + 13.8' was + 12.8 percent 
from the nadir brightness. The trend in brightness variation was 
near linear for all cover types (1.2 = 0.69 on average, s, = 0.30) 
with an increase in cover type brightness towards the side of 
the image opposite to the sun illumination direction (see Figure 
3)- 
ANALYSIS OF EFFECTS OF COVER TYPE, SPECTRAL BAND, AND 
/kllTIJD€ ON COVER TYPE BRIGHTNESS VARIATIONS IN THE SITE 2 
DATA 

Table 2a shows the MPDN values for seven cover types at Site 
2. The data are for two altitudes and three spectral bands. Sev- 
eral points about each variable can be made that were typical 
of all the data acquired in southern and northern Ontario. First, 

1. haylopen 
2. short grass 
3. mixed deaduous 1: - hard maple (Acer saccharurn) 

- ash (Fraxinus spp.) 
- beech (Fagus grandifolia) 

4. mixed deciduous 2: - Manitoba maple (Acer negundo) 
- ironwood (Carpinus caroliniana) 
- black willow (Saliu nigra) 

bare soil 
conifer 1: - red pine plantation (Pinus resinosa) 
conifer 2: - mostly white spruce (Picea glauca) 

- red pine (Pinus resinosa) 
- cedar (Thuja occidentalis) 
- white pine (Pinus strobus) 

shadow 

in relation to cover types, differences in MPDN within a highly 
varied cover type (e-g., deciduous forest) were often as large as 
MPDN differences between unlike cover types. This is probably 
due to sun-sensor-target geometry differences between the 
samples within such a cover type. Consequently, these samples 
could not be aggregated but had to be considered as separate 
cover types (e-g., deciduous 1,2,3) in the analysis of variance. 
Also, three-dimensional cover types such as iorest canopies or 
individual trees which generally show visible differences be- 
tween highlighted and non-highlighted portions of the crowns 
did not show greater MPDN values than flat cover types such 
as soil, water, and grass as might have been expected. Second, 
in relation to altitude, there was usually a decrease in MPDN for 
each cover type in a given band as altitude increased from 460m 
to 915m. Third, in relation to spectral bands, the MPDN variation 
of data acquired in the 630 to 670nm band was significantly 
greater (a = 0.05) than the 530 to 570nm and 780 to 820nm 
bands. The 530 to 570nm band variations were greater than the 
780 to 820nm band but not significantly. 

The significance of the variables cover type, altitude, and band 
on MPDN values was tested in a three-way factorial analysis of 
variance of the Site 2 data. Cover type had seven levels, altitude 
had two, and band had three. The three-factor interaction was 
used as the error term to determine F values because no repli- 
cations were possible with the given data (see Snedecor and 
Cochrane (1980)). The results are given in Table 2b. They show 
that each variable was significant at either a = 0.05 or 0.01. 
This indicates that the magnitude of cover-type variation with 
view angle is significantly affected by the altitude of image ac- 
quisition, the spectral band, and the cover type itself. 

The linear trends shown in Figure 3 were consistent in all 
spectral bands (i.e., the curves were nearly parallel) thereby 
indicating band ratioing as a potentially effective means for re- 
duction of variations with view angle. Of the three ratio types 

Ground Sunrey Cover Types 
1 2 3 4 5 6 2  8 H %ACC 

TABLE 3 ~ .  CONTINGENCY TABLE FOR CLASSIFICATION OF VIDEO DATA PROCESSED BY BAND RATIOING. 
- - - - -  

Ground Survev Cover Tvves 
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Soil : Site 1, 04/06/86. 1220m AGL 
260 
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FIG. 3. Example curves showing variation in cover type brightness with view angle from top to bottom of image. 

listed previously, the band-sum ratio technique provided re- 
ductions up to three times greater than the other two in separate 
tests. It was therefore applied to all the data. The resulting 
average MPDN for all cover types was reduced significantly to 
5.2 percent (s = 2.7 percent) or 42 percent of the average for 
the original data. The residual variation in cover-type brightness 
in the band ratioed images can be attributed to deviations of 
the cover type brightness curves from parallelism. This could 
result from a number of factors, including (i) cover type Sam- 
pling error (k 1 row or column sampling error for a cover type 
from band to band was probable in many cases), (ii) anisotropic 
reflectance variations from band to band with view angle O<unes 
et al., 1980), and (iii) natural and electronic data noise. 

The results of classification of the Site 1 cover types listed in 
Table 3a are given in Tables 3b (raw data) and 3c (ratioed data). 
Both classifications were smoothed using a 3 by 3 moving win- 
dow majority filter before generation of these tables. (This filter 
was shown to have little effect on classification accuracy (King, 
1988)). Cover types (1 and 2), (3 and 4), and (6, 7, and 8) were 
the most confused in both classifications. The confusion be- 
tween red pine (class 6) and other conifers (class 7, which also 
included red pine) was so great that these cover types were 
merged into a single conifer cover-type class. 

Band-sum ratioing improved the per pixel classification ac- 

curacy only slightly from 68.1 percent to 69.1 percent. However, 
in the band-sum ratio data, cover types which extended across 
the view angle were usually defined as single spectral clusters. 
In the raw data, the same cover types were associated with 
more than one distinct spectral cluster, and the resulting cover 
type classes had to be merged after classification. A good ex- 
ample of this was the large mixed deciduous 1 cover type (class 
3) which extended diagonally across the image. In the ratio 
data, it was completely defined by one spectral cluster which 
resulted in a single class after classification. In the raw data, 
three distinct spectral clusters resulted due to the effects of 
brightness variations with view angle. The three classes pro- 
duced by the classifier had to be merged after classification to 
properly define this area. The end result was that the per pixel 
accuracy for the raw data class created by merging was similar 
to that for the single class from the band ratio data. However, 
using the ratio data, the post-classification merging step was 
eliminated. 

DISCUSSION 

The data utilized for this study represent a wide range of 
illumination/viewing conditions which were advantageous in 
analyzing overall cover-type brightness variations in multispec- 
tral videography. Because all 174 correlations of image bright- 
ness with view angle showed linear trends, the method of band 
ratioing to reduce them performed well. 
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In land-cover classification, the reported accuracies are not 
high enough to be useful for mapping, but further improve- 
ments should be possible through improved data acquisition 
planning, data processing, and information extraction. For ex- 
ample: (1) in the data acquisition stage, narrow bandwidth spec- 
tral bands which optimize the separation of forest species and 
land-cover types is critical. For other advanced sensors (e-g., 
MEIS II), specific "foresby" filter sets are now used for this pur- 
pose (McColl, personal communication). Also, the test data used 
in this classification were constrained by aircraft availability and 
were thus hindered by early morning shadows, poor illumi- 
nation angles, and spring vegetation conditions. Improved sun 
angle and vegetation development should improve cover type 
separability. (2) In the image processing stage, further improve- 
ments in classification accuracy can be achieved through addi- 
tion of other processing techniques such as noise reduction, 
addition of texture information, etc. (see King and Vlcek (1990) 
and King (1988)). (3) In the classification stage, unsupervised 
selection of training data was used to avoid bias of supervised 
training in such large-scale imagery where cover types were 
easily identified. However, it has been shown that supervised 
training data selection significantly improved classification ac- 
curacy (King, 1988). (4) Finally, the area selected for classifica- 
tion was mostly forested with a high degree of within-cover 
type variance. Classification of more homogeneous cover types 
can greatly improve accuracy. 

CONCLUSIONS 

The method of digitizing several images of a given cover type, 
each with the cover type at a different position or view angle, 
has enabled the extraction of statistics and determination of the 
variation in image brightness of the cover type over the sensor 
view angle. The variations were found to be consistently near- 
linear for the imaging conditions tested. In terms of maximum 
percent difference of cover-type brightness from nadir to the 
image edge, all cover types showed significant variation, being 
in the order of 12.8 percent on average for view angles of + 13.8". 
Cover-type variations did, however, differ significantly be- 
tween features, spectral bands, and imaging altitudes. Such in- 
formation is useful in flight planning and in understanding image 
characteristics. 

Band-sum ratios were found to be effective in reduction of 
cover-type brightness variations. In unsupervised clustering, 
cover types which extended across the view angle were rep- 
resented by single spectral clusters whereas in the raw data they 
were represented by more than one spectral cluster due to large 
brightness variations. The often tedious post-classification step 
of berging classes which represent the-same cover type was 
eliminated because image brightness was more uniform across 
the view angle. 
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CALL FOR PAPERS: REMOTE SENSING OF ARCTIC ENVIRONMENTS 
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Organized by The Roald Amundsen Centre for Arctic Research, Foundation of Applied Research at the University of Tromso, Tromso Satellites 
Station/Norwegian Space Centre; and Akvaplan-niva AS, Marine Consultants, Tromso, this symposium will focus on remote sensing applications 
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developments 
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