
DEVELOPMENT OF ~ MULTISPECTRAL VIDEO SYSTEM 
AND ITS APPLICATION IN FORESTRY 

REsUME 
Un systeme video multibande aeroporte compose de quatre cameras 
a ete mis au point et evalue pour la classification de la couverture 
forestiere et de la couverture du sol. Ce systeme peu coiiteux peut 
remplacer avantageusement les systemes de photographie aerienne et 
les scanneurs electro-optiques. Un tel systeme peut produire des images 
dans les bandes spectrales etroites du visible et du proche injrarouge. 
n peut aussi bien generer des images en nair et blanc de chacune des 
bandes que des images en couleurs et en fausses couleurs. En vue de 
la classification des types de couverture du sol, on a evalue plusieurs 
classificateurs et plusieurs methodes de traitement radiometrique 
d'image afin d'ameliorer la precision des classifications. Les resultats 
demontrent qu'il est possible d'obtenir des classifications precises des 
types de peuplements et des types de couverts uniformes si l'on traite 
les images de far;on a reduire le bruit et les variations spatiales dans 
la luminosite des images - variations attribuables aux effets d'optique 
et de reflectance bidirectionnelle - et si l'on ajoute des informations 
sur la texture des images. 

SUMMARY 
A 4-camera aerial multispectral video system was developed and 
evaluated in forest and land cover classification. The system is a low
cost alternative to aerial photographic and other electro-optical scan
ning systems. It is capable of imaging in narrow spectral bands in 
the visible and near JR. Both black-and-white band-sequential imagery 
and colour/false colour imagery are generated. In classification of 
land cover types, several classifiers and radiometric image processing 
procedures were evaluated to determine potential improvements in 
classification accuracy. Results showed that accurate classification of 
stand types and uniform cover types was possible if the data were 
processed to reduce noise, reduce spatial variations in image brightness 
due to optical and bi-directional reflectance effects, and add image 
texture information. 
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Video imaging is a developing remote 
sensing tool that is receiving increased 
application in resource management. It 
has the following advantages over conven
tional aerial photography: low cost, real
time imagery; high light sensitivity and 
wide spectral response; capability for 
in-flight monitoring and exposure adjust
ment; electronic recording format amen
able to computer digitization and process
ing; and a high rate of image refreshment 
(1/60 sat field rate), which provides a con
tinuously varying view angle of features 
along the flight direction. The major limi
tation of video is low spatial resolution, 
which results from the fixed bandwidth 
and scanning rate of the current NTSC 
RS 170 television standard. Other limita
tions that may be present depending on 
the method of image plane scanning are 
image lag, poor or inconsistent image geo
metry. and the addition of electronic 
noise. 

Early multispectral video systems 
were proposed by Robinove and Skibitzke 
(I 96 7) and Mozer and Seige (1971 ). but 
resea rch was not pursued in depth until 
much later. Recent systems have been 
developed by Hodgson et al. ( 1981 ). Vlcek 
and King (1985). Xybion Electronic Systems 
(Niedrauer and Paul. 1985). Nixon et al. 
(1985), Meisner and Lindstrom (1985). 
Roberts and Evans (1986). and Waid and 
Associates (Hazard, 1987). Each incorpo
rates different camera. recording. and 
signal processing configurations. 

Applications of aerial video imaging 
have ranged from use of a single camera 
in shoreline oil spill surveys (Owens and 
Robilliard. 1980) and imaging of soil 
moisture/drainage patterns (Vlcek, 1983) 
to use of multispectral video systems for 
assessing rangeland conditions (Everitt 
and Nixon, 1985), discriminating forest 
and land cover types (King et al.. 1986), 
and monitoring maple decline (Yuan et al .• 
1989). 
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This paper presents the design configuration of a multispec
tral video system developed in the Faculty of Forestry. University 
of Toronto and its application in forest and land cover type 
classification. 

MULTISPECTRAL VIDEO SYSTEM DEVELOPMENT 
A 4-camera multispectral video imaging system (4CVS) was 

developed commencing in 1983. A schematic of the system is 
shown in Figure la. It incorporates four solid-state (CCD) black
and-white RCA TC2800 video cameras, each having a 6.4 mm by 
4.8 mm sensor chip with 403 sensor photosites in the horizontal 
direction and 512 photosites in the vertical direction. The spectral 
sensitivity of the sensor is typical of CCDs, being from 400 nm to 
1100 nm and peaking at 800 nm. Narrowband (currently 40 nm 
and 10 nm bandwidth) interference filters are mounted on the front 
of the lenses for quick access. Filters used to date were 430-
470 nm, 530-570 nm, 630- 670 nm, 665-675 nm, 680-720 nm, 
780-820 nm, and 880- 920 nm. Lenses used thus far were either 
25 mm diameter, 8 mm focal length or 16 mm diameter, 16 mm 
focal length. The horizontal and vertical angles of view with these 
lenses were: ± 21.8° H, ± 16.7° V for the 8 mm lenses and 
± 11.3° H. ± 8.5° V for the 16 mm lenses. 

The four camera signals are routed through two processing 
devices. On the right side of Figure la, a custom-built sequential 
multiplexer is used to switch between the cameras at user select
able field (1/60 s), frame (1/30 s}, or 1/10 s rates. The output signal 
is recorded on a standard video tape recorder and later digitized 
at 512 by 480 pixel sample rate for computer analysis. Digitization 
is currently performed using a MATROX PIP 51211 024a frame grab
ber programmed to grab four consecutive 51 2 by 480 video frames 
in a I 024 by 1024 buffer. Given a switching rate of 1/30 s, each 
set of four digitized video frames corresponds to a complete 4-band 
multispectral image data set. On the left side of.Figure la, a custom
built colour encoder provides colour/false colour composites. which 
are generated from any user selectable combination of three of 
the four black-and-white cameras. The camera signals are input 
as separate RGB signals and encoded to NTSC colour video. The 
colour/false colour imagery is recorded on a second VCR for sub
sequent playback and visual interpretation. In addition, the encoder 
provides synchronization for the four cameras. Both the encoded 
colour signal and the black-and-white multiplexed signal are moni
tored in-flight on a five-inch colour monitor. Power for all com
ponents is supplied by independent t2V batteries. 

The complete 4CVS is shown in Figure lb. The cameras are 
in the centre behind the filter set. On the right are the two VCRs 
while on the left are the switcher and colour encoder underneath 
the five-inch monitor and power supply. The total cost of such a 
system using presently available components can be as low as 
$13,000. 

A mount [shown in Figure lb] was designed for the cameras 
to fit into a Wild RC-8 or RC-1 0 aerial photographic camera bay 
and permit rotational adjustments necessary for camera axes align
ment. To align the cameras, an empirical procedure similar to 
relative orientation in photogrammetry was used as follows: 
specially designed targets were placed on the laboratory wall at 
separation distances equal to the respective camera separations; 
for each pair of cameras, images were overlain on the monitor 
(using the multiplexer or encoder); and rotational discrepancies 
between them were iteratively eliminated. The method proved to 
be successful for visual image registration with wide-angle lenses 
(f = 8 mm) but was found to be more difficult with narrow-angle 
lenses (f = 16 mm) because the current mount design was unable 
to cope with the increased precision requirements of the rotational 
adjustments. The mount also accommodates an additional 35 mm 
photographic camera to provide hardcopy imagery and aid in video 
image interpretation. 
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Figure la 
Schematic of the 4CVS. See text for details. 

Figure tb 
The complete 4CVS. 

Black a nd White 

CCD Cam eras 

APPLICATION OF MULTISPECTRAL AERIAL VIDEO 
IN FOREST AND LAND COVER CLASSIFICATION 

The feasibility of multispectral aerial video in land cover 
classification was evaluated by comparing classification accuracies 
for a selected test site using several classifiers and several image 
processing methods. 
Data Acquisition 

A conservation area northwest of Toronto was selected as a 
test site because it contained a wide variety of cover types in 
discrete areas suitable for training and classification. To test the 
system's performance and determine appropriate altitudes. aper
tures, and spectral bands for classification, aerial multispectral 
video of the area was acquired five times between September 1984 
and August 1988 from altitudes of 305 m. 610 m, and 1220 m. 
The spectral bands tested were: 430- 470 nm. 530- 570 nm, 630-
670 nm, 665- 675 nm. 680-720 nm, 780-820 nm, and 880- 920 nm. 
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Figure 2a 
530-570 nm band. 

Figure 2c 
780-820 nm band. 

Figure 2e 
Ground truth map. 
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Figure 2b 
630-670 nm band. 

Figure 2d 
880- 920 nm band. 

Figure 2f 
Classification of noise reduced, band-sum ratios. 
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From these data, the 4-band imagery shown in Figures 2a-d were 
selected for classification analysis. The spectral bands were: 
530- 570 nm. 630-670 nm, 780-820 nm, and 880-920 nm. The 
data were acquired on june 5, 1985, at about I 030 EST from an 
altitude of 1220 m. The 880-920 nm band appears slightly out of 
focus due to incorrect CCD sensor positioning. The images were 
acquired at field-rate ( 1/60 s). digitized at 512 by 480 sampling rate, 
and then re-sampled to 256 by 240 by dropping every second line 
and column for analysis on a Digital Image Inc. VIP system. They 
were then mutually registered by removing effects of aircraft 
translation between video fields. 

Classification of raw data, radiometrically enhanced or cor
rected data. and combined spectral and textural data was conducted 
and evaluated for accuracy as described below. 

Image Processing 
In an overall assessment of 4CVS image quality. several image 

processing procedures were tested to determine optimum radio
metric enhancements or corrections for video-based land cover 
classification. Those described here include: noise reduction. reduc
tion of spatial variations in image plane irradiance. reduction of 
spectral dimensionality, addition of texture information, contrast 
stretching, edge enhancement. and post-classification thematic map 
smoothing. The first three of these were evaluated in detail in 
ground-based tests to determine their effects on video signal quality 
and information. Only those results pertaining to image procedures 
later applied in land cover classification are given here. For greater 
detail on the performance of the 4CVS. see King (1988). 

I . Noise Reduction - System noise was assessed in terms of 
dark current and noise variations with signal level. Dark current 
RMS noise (i.e., system noise with the lens cap over the camera 
lens) was found to be 1.15 digital grey numbers (DN) on average 
in 8-bit imagery [see Figure 3 at zero repetitions]. This represents 
a low level of noise in relation to the total dynamic range in aerial 
images of about 230DN. It was also found that noise levels did not 
increase significantly with signal level when a cal.ibrated grey chart 
was viewed. Consequently. digitized dark current images were 
taken to be representative of total system noise and were used in 
noise reduction tests. 

Methods of image noise reduction that were evaluated included 
averaging several video frames and mean. median. and mode filters 
of varied window sizes. Averaging proved not to be useful in aerial 
images because of aircraft translation between frames. The RMS 
noise reduction (in DN) in digitized dark current images produced 
by the moving window filters is shown in Figure 3. One applica
tion of 5 by 5 or 7 by 7 mean filters or two applications of a 3 by 3 
mean filter reduced image noise most e ffectively to less than one
half of the original RMS noise. These results were confirmed in 
similar tests using aerial images of water bodies. The 3 by 3 mean 
filter applied twice was therefore selected as a noise reduction tech
nique prior to thematic classification because it combined noise 
reduction capabilities. speed of processing. and minimal resolution 
degradation (blurring). 

2. Reduction of image plane irradiance variations with view angle 
- Image plane irradiance variations due to optical characteristics 
were evaluated in the laboratory by viewing a uniformly illuminated 
neutral target with a diffuser placed over the lens (Roberts. 1973). 
Image brightness was found to decrease with cos4 of the off-axis 
angle (r2 > 0.90) for all spectral bands and two lenses (8 mm and 
16 mm focal lengths). This agrees with theoretical predictions given 
in Slater (1980). However, the degree of brightness decrease with 
off-axis angle varied with illumination level and was therefore 
affected by camera sensitivity. spectral filter transmission. and aper
ture. Vignetting, or image brightness reduction due to absorption 
of light by lens walls and mounts (Slater, 1980), was a lso evident 
at larger apertures. As a result. correction of aerial images with 
varied illumination. apertures. and spectral bands was not possible 

using laboratory-derived functions unless a complete calibration 
was conducted. 

As an alternative approach, the net variation of image plane 
irradiance caused by cos4

• vignetting (both concave downwards). 
and bi-directional feature reflectance variations (concave upwards 
but generally asymmetrical about nadir (Kimes, 1985)) was eval
uated in aerial imagery. Data from several flights were analyzed 
providing a variety of sun angles, flight altitudes and directions, 
and growing season characteristics. The consistency of net image 
plane irradiance variations between spectral bands and the effect 
of band ratioing in reducing these variations was evaluated as dis
cussed below. 

Imagery was utilized from all flights between 1985 and 1987, 
therefore representing E-W and N-S flight directions. three alti
tudes (304 m, 610 m. and 1220 m). and several sun elevations and 
azimuths (June-August between 9:30 and 14:30 Esn. Repeated 
digitization of aerial images containing the desired feature as it 
passed across the vertical field of view(± 16.6°) was conducted. 
A sample of 200-400 pixels at the same location within the feature 
at each position was taken. and the variation in mean digital 
brightness across the fie ld of view was evaluated. The results for 
58 selected features (various tree species. grass/crop. soil and water) 
in the green, red, and near IR bands showed that brightness in each 
band increased in a linear trend away from the sun illumination 
direction (r 2 = 0.69 on average for all features in all bands, 
n101a1 = 58 by 3 bands = 1 7 4 correlations). The average change 
of image edge brightness from nadir brightness was 12.8 percent 
(s = 4.8 percent). Typical feature brightness curves for aspen and 
bare soil are shown in Figures 4a and 4b. The direction of flight 
is toward the top of the image (- 16.7° angle of view). and the 
approximate direction of sun illumination is shown in plan view 
(i.e .. soil was imaged at about 1 0:30 EST on a west-to-east flight 
line and aspen was imaged at about 13:30 EST on a north-to-south 
flight line). The grouped results for all features showed a significant 
decrease (ex = 0.05) in brightness variations as altitude increased 
to 1220 m and no significant differences in percent brightness 
variations from nadir due to flight direction or time of day. 

Since the spatial variations were consistent from band to band, 
several band ratios were tested as a means of reducing them. They 
included simple ratios (B;IB). normalized difference ratios (B;- B/ 
B, +B). and band-sum ratios (B;IEB;). Of these, band-sum ratioing 
provided the best results, reducing the average variation to 5.2 per
cent (s = 2. 7 percent). They were therefore tested in land cover 
classification to assess their effect on accuracy. 

3. Reduction of Data Dimensionality - Multispectral image data 
in the 400 nm-900 nm range can commonly be represented by 
less than four dimensions, thus easing processing time and elimi
nating data variance due to noise. Principal component analysis 
(PCA) can be applied to a multidimensional data set to determine 
intrinsic dimensionality and the regions of the spectrum that con
tribute most to the data variance in a particular scene. To deter
mine the intrinsic dimensionality of multispectral video in the 
400 nm-900 nm range. PCA was applied to 11 -band ground-based 
imagery acquired from a I 00 m high rooftop overlooking an urban 
park. The scene included typical natural features. such as deciduous 
and coniferous forest, grass, and bare soil. The selected spectral 
bands were 40 nm in bandwidth centred every 50 nm from 400 nm 
to 900 nm. Figure Sa is an example of a green band image 
(530-570 nm) of the scene acquired in mid-july. Subsets of eight 
bands from the 11 available bands were processed separately due 
to software limitations. The dimensionality was taken as the num
ber of components that accounted for 95 percent of the data 
variance (5 percent was attributed to system noise and natural 
feature variation). For data from 13 dates throughout the year, the 
first five components accounted for 94.1 percent of the data 
variance on average (s = 2.3 percent). The average percent variance 
accounted for by each of the components is shown in Figure Sb. 
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For this park scene, the dimensionality was therefore about five. 
Throughout the growing season. the near IR bands dominated the 
first component while blue/green bands produced high scores in 
the second. The third to sixth components were dominated by visi
ble bands. although no trends were evident. The last components 
were often dominated by the deep blue band (380-420 nm). which 
could not be adequately focussed and was subject to atmospheric 
haze. These components were therefore assumed to be noise. 

PCA of 4-band aerial imagery of predominantly vegetated 
scenes in southern and northern Ontario gave similar results, but 
the dimensionality was reduced to between three and four. This 
suggests that three or four well-selected video spectral bands can 
adequately represent natural feature spectral reflectance in the 
400-900 nm range. 

PCA of the ground-based data was also used to aid in band 
selection by comparing weighted and summed contributions of 
each band to each component. For clear-day summer imaging of 
this scene, the best four bands were: 430- 470 nm, 530- 570 nm 
or 580- 620 nm, 680- 720 nm, and 780- 820 nm. 

The four bands used in this study were selected before statisti
cal and ground-based PCA analysis had been completed. When PCA 
of this data set was conducted. the dimensionality was three 
(55 percent, 26 percent, and 12 percent variance accounted for by 
components 1, 2, and 3. respectively). For classification purposes, 
all four components were tested as a data set in land cover classifi
cation, but a second data set was also created from the first three 
components and a texture band. The derivation of this texture band 
is described below. 

4. Addition of Texture Information - To produce a simple 
image showing texture. a subset of three filters from a group of 
filters known as Laws' masks (Pietikainen eta!.. 1982) was selected. 
They were 3 by 3 moving window convolution filters. which high
lighted horizontal. vertical, and diagonal gradients. The resulting 
gradient images were summed and averaged twice with a 5 by 5 
mean filter to produce a smoothed texture image. These data were 
included with spectral data in the maximum likelihood classifica
tion (a normal distribution for the texture data was assumed, but 
further work is required to establish this before such data are 
routinely used in conventional classifications). 

5. Contrast Stretching - Linear contrast stretching of the 
digitized spectral bands eliminated bias due to video set-up levels 
(typically 30- 35 ON in 8-bit digitization) and provided a gain factor 
to expand the dynamic range to 0- 255 ON. 

Figure 5a. 
Example ground-based image, 530-570 nm . 
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Figure 3. 
Noise reduction of several low-pass filters. 
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Figures 4a, 4b. 
Example curves showing variation in feature brightness 
with view angle from top to bottom of image. 
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Figure 5b. 
Variance(%) accounted for by each principal component. 
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Table 1 
Features used in classifications. 

1. hay/open 
2. short grass 
3. mixed deciduous 1: - hard maple (Acer saccharum) 

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

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

5. bare soil 
6. conifer 1: - red pine plantation (Pinus resinosa) 
7. conifer 2: - mostly white spruce (picea glauca) 

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

8. shadow 

Table 2 
Results of classification of original and processed data (overall 
accuracy in %, K) . Data type numbers correspond to each 
processing routine described in the text. Data types 8 and 
9 are combinations of these processes in the order given. 

Overall Accuracy 
Data Type % K 

Original data 57.4 0.49 
1. Noise reduced 67.2 0 .59 
2. Band-sum ratios 61.7 0 .53 
3. Four principal components 60.0 0.50 
4. First 3 components plus texture 

band 67.0 0.59 
5. Contrast stretched 57.6 0.49 
6. Edge enhanced 68.2 0.61 
7. Post-classification smoothing 59.6 0.53 
8. 2, 1, 7 70.6 0.63 
9. 1, 4, 7 68.5 0.61 

Table 3 

6. Edge Enhancement - An edge enhancement algorithm was 
applied that subtracted the average in a 3 by 3 moving window 
from each pixel to produce the edge (high frequency) component. 
This was then added back to each pixel so that edges were 
enhanced and the images were sharpened (i.e., edge enhanced 
image = original image + (original image - low frequencies)). 

7. Post-Classification Smoothing - The last processing pro
cedure tested was post-classification smoothing using a 3 by 3 most 
prevalent filter (centre pixel value replaced by most frequent pixel 
value in the window). It was applied twice to a thematic classifica
tion of raw data before accuracy assessment. 

Classification Accuracy Assessment 

Comparison of the accuracies of five spectral classification 
routines (parallelpiped, Suits-Wagner (Wagner and Suits, 1979), 
minimum distance to the mean, supervised maximum likelihood, 
and unsupervised maximum likelihood) and the effects of the 
image-processing procedures described above on classification 
accuracy were evaluated using contingency table analysis (Story 
and Congalton. 1985). Each classification was compared to a digital 
ground truth map [Figure 2e] generated from interpretation of aerial 
photographs, extensive field survey, and analysis of Toronto Region 
Conservation Authority maps. Approximately 26,000 of the 
61 ,1 40 pixels in the scene were identified into eight categories 
while the rest comprised small highly mixed areas. The classes 
were as shown in Table 1. 

RESULTS 

a) Comparison of spectral classifiers - Comparison of the four 
supervised spectral classifiers was performed using the same train
ing sites for each. Training data represented 10.8 percent of the 
whole image and 14.7 percent of the classes defined in the ground 
truth map. In addition, an unsupervised maximum likelihood 
classification was performed using k-means cluster data derived 
from sampling the scene every seventh row and eighth column 
(959 points or 1.6 percent of the total number of image pixels). 
In both maximum likelihood procedures, clusters were merged if 
the ir transformed divergence was below 1500. 

The results of each classification showed that classes (1 and 2), 
(3 and 4), and (6, 7, and 8) were most often confused. Overall 

Contingency table for Procedure 8 in Table 2: classification of video data processed by band ratioing, followed by noise 
reduction and post-classification smoothing. 

GROUND TRUTH 
1 2 3 4 5 6,7 8 E %ACC 

c 1 6248 261 193 290 38 1281 46 8357 74.8 
L 2 1230 302 586 193 0 38 44 2393 12.6 
A 3 274 48 4420 224 0 109 136 5211 84.8 
54 281 141 1095 1517 0 486 148 3668 41.4 
s 5 21 0 15 0 1781 0 0 1817 98.0 
. 6 ,7 18 0 37 26 4 3930 352 4367 90.0 
N8 58 14 4 5 11 17 347 456 76.1 

E 8130 766 6350 2255 1834 586 1 1073 26269 
%ACC 76.7 39.4 69.6 67.4 97.1 67.1 32.3 70.6 
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accuracy (assessed as a percent and using K (Kappa) values (see 
Hudson and Ramm, 1987)) increased with classifier complexity in 
the supervised classifications from 46.2 percent (K = 0.33) for the 
parallelepiped to 66.3 percent (K = 0.58) for the maximum likeli
hood. The Suits-Wagner classifier, although poorer in overall 
accuracy. performed better than the maximum likelihood in 11 of 
the 16 possible comparisons of producer and consumer accuracy. 
and it was significantly better in forest classification. However. the 
high number of unclassified pixels produced by the Suits-Wagner 
classifier using a standard deviation factor of 2.0 made it unsuitable 
for use in further analysis. The unsupervised maximum likelihood 
classifier produced overall accuracy in the middle of the range of 
classifiers (57.4 percent, K = 0.49). It was selected as a less biased 
procedure for comparison of the image-processing techniques for 
the following reasons: the training data for the classifier represented 
only 1.6 percent of the total number of pixels, so classification 
accuracy would not be inflated to the same degree as with the 
supervised classification where training data represented 10.8 per
cent of the total number of pixels; the training data were system
atically sampled and therefore not subject to the bias of visually 
supervised selection of training sites (and were also not restricted 
to the defined class areas); and it was easier to systematically merge 
spectrally close clusters without knowledge of the classes associated 
with each. 

. b) Comparison of image-processing procedures - The results 
of classifying each processed data set in terms of overall accuracy 
(percent, K) are given in Table 2. In each, the three major sources 
of confusion were again between class numbers (1 and 2). (3 and 4), 
and (6, 7. and 8) as stated before. 

The results were as follows: 
• Noise reduction improved accuracy significantly (a = 0.05) by 

aiding in the classification of the highly varied mixed deciduous 
classes. but had little effect on the dark conifer classes with low 
variance. 

• Band-sum ratioing improved the classification significantly. par
ticularly in the mixed deciduous 1 class, which extended diago
nally across the image. It was identified as one spectral class, 
whereas in all other classifications it was associated with two 
or more spectral classes, which had to be merged after classifica
tion. This justifies its use in reducing effects of optical and 
bi-directional reflectance variations with view angle. 

• Classification of the four principal components produced only 
six distinct classes, as red pine and shadow were completely con
fused with other conifers. Consequently, the overall accuracy 
shown in Table 2 is biased. 

• Combination of the first three components and the texture image 
produced a significant increase in accuracy, particularly in the 
separation of classes with distinct texture: hay/open, conifers, 
and mixed deciduous. 

• Contrast stretching the data did not improve overall accuracy 
since the spectral relationship among the classes remained the 
same. 

• Edge enhancement reduced the number of mixed pixels at feature 
boundaries. resulting in better spatial definition of each feature 
and the best overall classification of any of the single processing 
procedures. 

• Post-classification smoothing filtered out unrepresentative iso
lated pixels in each class and produced a small but significant 
improvement in overall accuracy. 

c) Assessment of combined image processing procedures -
Several of the above procedures were then combined to assess fur
ther the potential improvement in classification accuracy. Of those 
tested [Figure 2J]. noise reduction of band-sum ratios followed by 
post-classification smoothing (procedure 8 in Table 2) improved 
classification accuracy the most. but red pine could not be distin
guished from the more mixed class of conifers. Table 3 is the con-
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tingency table for this classification with features 6 (red pine) and 
7 (conifers) merged. Procedure 9 in Table 2 consisted of noise reduc
tion, followed by principal components analysis, combining of the 
first three components with a texture band, and then smoothing 
after classification. It was the second best, but conifers were still 
completely confused with shadow as in the other classifications 
of PCA data. 

SUMMARY AND DISCUSSION 
Classification of 4-band aerial multispectral video for detailed 

cover types was significantly improved by reducing noise and 
spatial radiometric variations in the data, as well as by adding tex
ture information. Further improvements in classification accuracy 
should be possible through improved data acquisition planning, 
data processing, and information extraction. For example: 
• In the data acquisition stage. selection of spectral bands and band

widths that optimize the separation of forest species and land 
cover types in video imagery is critical. Also, the test data used 
in this study were constrained by aircraft availability and were 
thus hindered by early morning shadows, bi-directional reflec
tance variations. and spring vegetation conditions. Improved sun 
angle and vegetation development should improve feature 
separability. 

• In the image-processing stage, many options are available to 
enhance spectral information. Those used in this study were 
selected for simplicity and ease of processing on a microcom
puter. For example, other texture transformations. such as 
second-order transformations currently being investigated by 
Yuan and Vlcek (1989), have been shown to significantly improve 
tree species identification. 

• In the classification stage, unsupervised selection of training data 
was used for reasons discussed previously. However, it was 
shown that supervised training data selection significantly 
improves classification accuracy if such data are available. 

• Finally, the data selected for this study had a high degree of 
within-feature complexity. Classification of more homogeneous 
features can greatly improve accuracy (e.g., Suits-Wagner 
classification of raw data in an agricultural area yielded 78.2 per
cent overall accuracy for eight cover types (Vlcek and King, 1985)). 

CONCLUSIONS 
A low cost 4-camera multispectral video system was developed 

that provides separate recordings of colour/false colour imagery 
and multiplexed black-and-white spectral bands. Application of the 
system in land cover classification has shown that multispectral 
video has potential to provide average classification accuracy of 
more than 70 percent for detailed feature types. Improvement in 
classification is attained when video data are processed to remove 
noise. reduce image plane irradiance variations. and add texture 
information. Additional improvements in imaging conditions. spec
tral band selection, and feature extraction combine to give low
cost multispectral video high potential in land cover type analysis 
and thematic map updating. 
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