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ABSTRACT 

Multispectral Video (MSV) has considerable potential 

for low cost remote sensing in many environmental 

applications. Specific advantages include: (1) real time or 

near-real time availability for visual assessment or 

computer image processing analyses, (2) ability to collect 

data in narrow band in the visible and near infrared. 

Aerial photography provides photogrammetrically accurate 

object detail. MSV supplemented with low altitude 

supplementary reconnaissance photography (SRP) could provide 

a low cost remote sensing system with a satisfactory 

performance for generating thematic maps. 

SFU's MSV and SRP remote sensing system was tested for 

delineating aquatic vegetation (Scirpus a.) according to 

their stem density classification. 

It was found that MSV video imagery was superior to 

digitized SRP for detecting stem densities. Digitized SRP, 

due mainly to hardware limitations, was not as successful, 

although, it had some spatial resolution and image 

registration advantages. 
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1. INTRODUCTION 

Remote sensing, originating from aerial mapping, has 

developed into a multi-disciplinary science. A popular 

definition for remote sensing is the "science and art of 

obtaining information about an object or area without contact" 

(Simonett et al., 1983). Figure 1.1 illustrates the generalized 

processes and elements involved in remote sensing to create 

usable information (Lillesand and Kiefer, 1987). The two basic 

processes are data acquisition and data analysis. 

In data acquisition, the processes are: (a to d) 

electromagnetic energy interactions, (e) energy recording by 

airborne and/or spaceborne sensors, and (f) pictorial and/or 

digital data displays and records. 

In data analysis the processes are: (g) data examination and 

analysis using visual and computational procedures, and (h) 

compiling the examined data for presentation and applications use 

as hard copy maps, tables and computer files. 

The launch of LANDSAT-1 had a great impact on the manner in 

which we could approach natural resource management of the 

earth. One frame of Landsat TM or MSS imagery (185 sq km) 

represents many 20-80 square meter data points (pixels) on the 

ground. With LANDSAT imagery someone who has image 

interpretation skill can judge, for example, how much, over a 

period of time, the tropical forest in Brazil or Indonesia had 
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changed. However, this kind of large-area and low-spatial 

resolution imagery limits areas of application. Airborne remote 

sensing alternatives such as aerial photography and 

electro-optical imaging (multispectral scanners, imaging 

spectrometers and video systems) can recognize centimetre size 

objects at low flying heights. For spatial resolution and 

flight-timing considerations airborne remote sensing can solve 

many problems that can not be considered with orbital remote 

sensing data. 

In 1990, a remote sensing research project to evaluate the 

potential for using a multispectral video system (MSV) to map an 

area of Scirpus arnericanus (Scirpus a.) on Westham Island, BC was 

initiated. 

Scirpus a. is a rhizomatous perennial with sharply 

triangular culms 0.3 to 1.1 m tall (Karagatzides, 1988; Mason, 

1957). This sedge was found dominantly in a low elevation marsh 

zone on Lulu Island, Richmond, BC (Boyd, 1988; Hutchinson, 1982) 

and in a marsh zone on Westharn Island. The rhizomes of this 

sedge continues to be used as a food resource for Snow Geese and 

the impact of grazing on vegetation density was of concern to the 

Canadian Wildlife Service (CWS) (Boyd, 1988). A mapped Scirpus 

a. density distribution for these Snow Geese grazing areas would 

provide valuable food carrying capacity information (Boyd 1988). 

If this could be done using remote sensing technology, 

disturbances to the environment and the grazing geese would be 
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minimized and field research time and costs could be reduced. 

CWS helped provide ground data for stem density of Scirpus 

a. (ground truth) for a selected section of the Westham Island 

marsh area. The study area was flown using the SFU MSV and SRP 

(supplementary reconnaissance photography) airborne remote 

sensing system to provide imagery for evaluation. 

In this study the production of a thematic map of a 

relatively small and homogeneous area of vegetation (Scirpus a.) 

was undertaken using low-altitude photographic film and MSV 

imagery taken from an aircraft. MSV and SRP imagery were 

considered advantageous over high-altitude satellite imagery 

because of the difference in ground-target resolution and mission 

timing. In terms of spectral response, the photographic and 

video sensors can have varied optical filtration to provide 

optimum conditions for image classification (Everitt et al., 

1986, Roberts and Liedtke, 1988). The main purpose of this study 

was to determine if MSV imagery could provide adequate data for 

remote sensing analyses and classification of the ground observed 

Scirpus a. stem density differences. 

2. MSV AND SRP REMOTE SENSING 

2.1 System Choices 

Imaging sensors used in applied remote sensing are broadly 
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divided into two categories, photographic and non- photographic 

imaging systems. The choice of which type of sensor to use 

depends on the type of information needed as well as cost and 

availability. For example, photographic systems have a spatial 

resolution advantage although they lack spectral sensitivity 

beyond the visible and near infrared portion of the 

electromagnetic spectrum (Lillesand and Kiefer, 1987, Thaman, 

1974). 

All non-photographic imaging systems are electro-optical 

sensors. Electro-optical sensors use radiation-sensitive 

detectors (e.g. photoemissive cells, semiconductors) that convert 

observed radiant-energy levels to proportional electrical signals 

that are then used to produce an image. One type of 

electro-optical sensor is the tube (vidicon) and solid state 

(CCD) video camera (Simonett, 1983; Lillesand and Kiefer, 1987). 

Video systems are generally low cost frame imaging systems with 

excellent spectral and radiometric resolution and satisfactory 

spatial resolution. The overall spectral range of video systems 

is, generally, the photographic spectrum (360-lOOOnm). 

Multispectral scanners and imaging spectrometers are line imaging 

systems with capital and operational costs that are at least an 

order of magnitude greater than video systems. They have 

generally poorer spatial resolution than photographic systems; 

very poor geometric performance at low altitudes since each image 

line is subject to changes in aircraft attitude (roll, pitch and 
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crab), and; excellent spectral and radiometric performance. 

2.2 Video Remote Sensing 

Video remote sensing started around 1960 with the launch of 

TIROS I (Television Infra Red Observation Satellite). This was 

the first meteorological satellite that carried a low resolution 

imaging system. The system sensed in a visible channel of 

550-750 nm and produced images with a coarse spatial resolution 

of 2.5-3 km, 2 km, and 0.3-0.8 km respectively as the field of 

view narrowed. The meteorological satellites, which were 

launched between 1964-1981 such as ESSA (Environmental Science 

Services Administration), ITOS (Improved TIROS Operational 

System), NOAA (National Oceanic Atmospheric Administration), and 

Nimbus used more advanced vidicon cameras (AVCS) with improved 

spatial resolution (Simonett et al., 1983; Allison et al., 1983; 

Lo, 1986). 

In July, 1972 LANDSAT I was launched. This satellite and 

the following LANDSAT II (launched in January, 1975) carried a 

four channel multispectral scanner (MSS), and a three-camera 

return beam vidicon (RBV). The three independent RBV cameras, 

sensed in three spectral bands: the blue-green (470-575nm), the 

yellow-red (580-680nm) and the near-infrared (690-830nm). They 

covered a ground scene area of 185 sq km square, with a pixel 

ground resolution of about 80 m. In LANDSAT 3 the RBV camera 
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system was geometrically rearranged so the ground scene could be 

detected at 40m pixel resolution and it only sensed in one 

(530-750nm) spectral band (Simonet et al., 1983). The RBV 

cameras because of malfunctions, were considered not as 

successful as the MSS in LANDSAT I, II and III. In LANDSAT 4,5 

and 6 the RBV cameras were not used (Campbell, 1987; Lillesand 

and Kiefer, 1987). 

By the 1980 1 s, the wide spread commercial and industrial use 

of video cameras attracted some researchers to experiment with 

MSV systems in remote sensing applications (Simonett, 1983; 

White, 1983; Meisner, 1986; Roberts and Evans, 1986; Roberts and 

Liedtke, 1986; Elachi, 1987). 

A basic video remote sensing system (see Figure 2.1) 

consists of a video camera which is sensitive in the visible and 

near infrared spectral regions, a video cassette recorder (VCR), 

a colour video monitor, a battery pack and various exposure 

control and filtration combinations (Meisner and Lindstrom, 1985; 

Meisner, 1986). Most video cameras now used in remote sensing 

are CCD cameras. The lens forms an image on the CCD platen which 

is electronically scanned to generate a video signal. The video 

image is made up of a series of horizontal scan lines, scanned 

left to right and from top to bottom much as a page of text is 

read. This is a raster scanning pattern. The video image, or 

frame, is scanned in two interlaced fields every 1/60 of a second 

resulting in an individual frame recorded every 1/30 of a second 
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(White, 1983; Vlcek and King, 1985). If there is significant 

image motion, due to aircraft speed and low altitude, the fields 

must be interpreted separately to reduce smearing. Therefore 

only about 240 lines, half of each video frame, are used at a 

time. Along-line resolution varies with the equipment used but 

is typically 300 to 600 pixels per line (Lillesand and Kiefer, 

1987). 

The most obvious advantage of MSV remote sensing compared to 

other remote sensing is its immediate image availability for 

analyses after each flight. The other advantages are: (1) high 

radiometric resolution, (2) low cost operation, (3) ease of 

operation, and (4) that it can be used in many aspects of land 

related research (White, 1983; Meisner and Lindstrom, 1985). 
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Figure 2.1. Basic video remote sensing system. 
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2.3 MSV Imagery for Land-related Studies 

Land use studies using video imagery have included rangeland 

management (Everitt and Nixon, 1985; Everitt et al., 1986, 1987, 

1988), suspended sediment concentrations (Roberts and Liedke, 

1986), deforestation assessment (Gilruth et il., 1990), analysis 

of hazardous waste sites (Marsh et al., 1991), and Salmon 

spawning habitat (Roberts et al., 1992). 

Most of these studies were done using large scale video 

imagery (low altitude). This was partially due to the 

characteristics of video imagery which has low spatial resolution 

(Everitt et al, 1987, 1988). By using regression analysis of 

video digital data for grass phytomass yield measurement, Everitt 

and Escobar (1988) came up with a result that orange-red, red, 

dark-red and infrared were the most significant (at 0.01 

probability level) spectral values for assessing phytomass. 

Results from multiband spectral ratios (e.g. ir/blue, ir/green, 

ir/red, etc.) exceeded single band performance for assessing 

grassland phytomass, with the ratio of infrared/red producing the 

best results (Everitt et al., 1986, 1988). 

Roberts and Liedtke (1986) in their study of suspended 

surface sediment and intertidal environments in the Fraser River 

plume suggested that radiometric (electromagnetic energy 

detection) and spectral (colour) resolution with their MSV system 

was superior to colour photography, but both provided better 
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suspended surface sediment concentration identification than 

LANDSAT-2 MSS imagery. Roberts et al., (1992) in their study of 

digital classification of salmon spawning habitat provided 

another evaluation of airborne MSV imagery. They found that both 

colour and colour infrared photography and MSV imagery provided 

good correlations (values ranged between r = -0.80 and r = -0.99) 

with ground truthed water depth data. In some cases video imagery 

produced better results. 

A qualitative assessment of four sensor types for detecting 

land-cover classes within the Guinea highlands by Gilruth et al., 

(1990) gave a range of very good to excellent results for both 

colour photography and infrared video imagery compared to very 

poor to good for Landsat MSS imagery. 

From the above research some conclusions can be drawn. 

Colour and colour infrared photographs together with MSV imagery 

have a conunon advantage compared to satellite imagery. That 

conunon advantage is that both (photography and video) can be 

acquired at lower altitudes to produce large scale aerial 

photographs or imagery. Aerial photographs exceed video imagery 

in spatial resolution. Video imagery exceed aerial photographs 

in spectral and radiometric resolution. The use of colour and 

colour infrared photographs together with MSV imagery in 

land-related resource management studies has given good results. 

Clearly orbital imagery is generally superior for global scale 

research. 

10 
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2.4 Aerial Photography 

Aerial photography provides rapid collection of a large 

amount of data as well as providing a unique overview of an area 

(Quackenbush et al., 1960; Rabben et al., 1960). The main task 

of airphoto interpretation is to recognize natural objects or 

phenomena and map their boundaries to produce thematic maps. 

This task is usually done using a systematic airphoto 

interpretation technique. This technique consists of a 

complicated unity of (1) natural object appearances in 

stereoscopic vertical photographs (size, shape, shadow, tone and 

colour, texture, pattern), (2) photogramrnetric procedures 

(geometric rectification and three dimensional measurement), and 

(3) equipment (stereoscope, comparator, plotter) (Rabben et al., 

1960). 

Computer applications in remote sensing have broadened land 

use study through the use of digital image interpretation 

techniques from digital multispectral imagery. This has included 

the digitization and digital interpretation of colour and 

multispectral aerial photography. 

2.5 Digital Photographic Imagery for Land-related Study 

Digital multispectral aerial photographic interpretation can 

be an "automatic" photograph interpretation technique. It is 
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basically a conversion technique from photographic interpretation 

to digital image processing using conventional image processing 

procedures (supervised and unsupervised classification). This 

technique was developed in 1970's because of the continuing need 

to renew maps and the possibility of using a faster mapping 

technique (Scarpace, 1981). 

In 1970, Development & Resources Transportation Co. 

undertook research to develop the necessary techniques and 

methods for automated mapping of tropical forests and other 

heavily vegetated areas. They used Ektachrome Infrared 

photographs, a scanning microdensitometer, and ground truth. By 

computer computation of spectral reflectance patterns at a 

specific training area, a regional estimate of a certain type of 

forest was produced (LeShack, 1971). Hoffer et al., (1972) also 

used a scanning microdensitometer on multiband (several black and 

white photo on several wavelength bands) and multiemulsion 

(colour and/or colour infrared) photography to generate digital 

images for classifying cover types. The analysis they used was a 

pattern recognition procedure. The computation technique was 

maximum likelihood based on a Gaussian clustering assumption. 

They concluded that quantitative analysis of tonal variations was 

easier to achieve with multiband than multiemulsion photography. 

The capability for precision in quantitative analysis of 

digitized photography seems to be constrained by the spatial 

resolution of colour photographic film and data quality 

12 
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reduction in the analog to digital conversion process. This 

specifically involved optical and radiometric distortions (e.g. 

vignetting and variations in radiometric field response). 

Other projects that dealt with digitized aerial photography 

for land-related study were by Scarpace et al., (1981), Quirk and 

Scarpace (1982), and Turner and Thompson (1982). Scarpace et al. 

(1981) used small scale (1:120,000) photographs, acquired with 

Kodak Aerochrome Infrared film (2443: colour infrared), to 

monitor and map large areas of wetland vegetation in the 

Sheboygan Marsh, Wisconsin. The computation method used was 

supervised classification and a number of generalization 

procedures. They compared computer classification with subjective 

interpretation and came to the conclusion that computer 

classification provided approximately 90 percent accuracy in 

comparison with photo interpretation and could be used as an 

operational method for monitoring and mapping wetlands. Quirk 

and Scarpace (1982), in their study of comparisons between aerial 

photography and LANDSAT MSS imagery for computer land-cover 

mapping, found that computer analysis of a colour infrared 

photograph provided more accurate land-cover estimates than 

LANDSAT imagery when compared with a subjective photo 

interpretation of an urban watershed as a performance standard. 

Turner and Thompson (1982), employed colour infrared photography 

for vegetation mapping of Barrier Island, Maryland, and concluded 

that the degree of success in classification of the vegetation 

13 
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communities was a function of a large number of variables, 

including calibration of the digitized data (analog to digital 

conversion), experience of the analyst, opportunity to make 

ground observations and available ancillary ground truth data. 

Digitized aerial photography was also used in studies of the 

measurement of wind erosion damage on converted rangeland (Lyon 

et.al., 1986), and drought stress detection in Buffelgrass 

(Cenchrus Ciliaris L.) (Everitt et.al., 1987). 

In addition to problems with analog to digital conversion, 

another crucial point in using digitized aerial photography for 

mapping purpose is the quality of the original photograph and/or 

exposed film. The exposed film can also be densitometrically 

calibrated for spectral characterization of the reflected light 

before being computer classified to improve accuracy (Hoffer, 

1972; Scarpace, 1981; Turner and Thopson, 1982). 

3. DIGITAL IMAGE PROCESSING 

3.1 Reference Data 

Digital image processing is a form of remote sensing data 

analysis which mainly depends upon the aid of computers to 

manipulate and interpret images for information. To be successful 

digital image processing requires the support of "reference data" 
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or "ground truth". These data will vary according to the needs 

of the project. Data for a particular analysis might be derived 

from vegetation distributions, a soil survey map, a water quality 

report or another aerial photograph. They may also come from 

field checks on the identity, extent, and condition of 

agricultural crops, land use, tree species or water pollution 

problem (Lillesand and Kiefer, 1987). In this study ground truth 

involved Scirpus a. stem density counts taken from a small site 

area on Westham Island. 

The purpose of ground truth is to give the remote sensing 

investigator or operational user a definable understanding of the 

target for the verification of information extracted from the 

remote sensing data (Dozier and Strahler, 1983; Campbell, 1987). 

Digital image processing is a broad subject in remote 

sensing involving: 1. image rectification and restoration, 2. 

image enhancement and 3. image classification. 

3.2 Image Rectification and Restoration 

The purpose of image rectification and restoration is to 

correct distorted or degraded image data to provide a more 

accurate representation of the ground scene. This technique 

involves the initial processing of raw image data to correct 

geometric distortions, radiometrically calibrate the data and 

eliminate data noise. The use of these techniques is dependent 
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upon sensor, altitude and atmospheric conditions at the time of 

image acquisition. High altitude imagery, for example, could 

normally use all three corrections, while low altitude 

reconnaissance imagery might only apply noise corrections 

(Lillesand and Kiefer, 1987). 

3.3 Image Enhancement 

Image enhancement procedures are used to more effectively 

modify and display imagery data for subsequent visual 

interpretation. The main goal of these procedures is to create 

"new" images from the original image data to increase the amount 

of information that can be visually interpreted. The most 

commonly applied digital image enhancements are (1) contrast 

manipulation, (2) spatial feature manipulation, (3) multi image 

manipulation (Lillesand and Kiefer; 1987). 

1) Contrast manipulation 

Contrast manipulation, consists of techniques to display a 

specified segment of digital numbers (DNs) on the computer screen 

or printer. A DN is a computer generated number to represent a 

darkness scale value for each pixel which in turn corresponds to 

a ground target entity or value. 

16 
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2) Spatial feature manipulation 

Spatial feature manipulation or spatial filtering is used to 

emphasize or deemphasize image data of various spatial 

frequencies. Two often-used types of spatial filters are 

low-pass and high-pass filters. Low pass filters are designed to 

emphasize low frequency features (large area changes in 

brightness) and deemphasize the high frequency components of an 

image (local detail). High pass filters emphasize contrast 

differences. 

3) Multi-image manipulation 

The most widely-used technique in multi-image manipulation 

is spectral ratioing. This is a data reduction and enhancement 

technique that divides DN values from one spectral band by 

spatially corresponding values from another spectral band. The 

result is a ratioed image emphasizing spectral data differences. 

This technique is often useful for discriminating subtle spectral 

variations in a scene, that could be masked by image brightness 

variations between spectral bands. Ratioing accentuates spectral 

differences by removing first order brightness or albedo 

variations caused by topographic detail (i.e. sunlit or shadowed 

slopes) and optical geometry (Avery and Berlin, 1985; Lillesand 

and Kiefer, 1987; Roberts and Evans, 1986). 

A number of these image processing techniques were used in 
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the image analyses for this study in order to: better define the 

relationship between the ground truth data and the DN values of 

the remote sensing data; more clearly delineate boundaries for 

the interpreted classes, and; display the multispectral SRP 

imagery. 

3.4 Image Classification 

The overall objective of an image classification procedure 

is to (automatically) categorize all pixels in an image into land 

cover classes or themes. Normally, multispectral data are used 

to perform the classification, and the spectral pattern (DNs) 

present within the data for each pixel is used as the numerical 

basis for this categorization. There are two principal 

classification techniques: supervised and unsupervised 

classification. The main difference between these techniques is 

that supervised classification involves a training step using 

ground truth data followed by classification. Using an 

unsupervised approach the image data are directly classified by 

aggregating them into natural spectral groupings or clusters 

present in the scene; then the image analyst determines the land 

cover identity of these spectral groups by comparing the 

classified image data to ground reference data (Lillesand and 

Kiefer, 1987). 

Supervised classification procedures consist of three basic 
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steps: training, classification and output. In the training 

stage, the analyst identifies representative training areas and 

develops a numerical description of the spectral attributes for 

each land cover type of interest in the scene. In the 

classification stage, each pixel in the image data set is 

categorized into the land cover class it is most likely grouped 

or clustered with. If the pixel is insufficiently similar to any 

training data set it may not clustered into a known group and 

would usually be classified as "unknown". The classification 

label assigned to each pixel in this process is then recorded for 

the corresponding groups of interpreted data for display on an 

output image. 

Three different computational techniques are commonly 

available for supervised classification: 

(1) minimum-distance-to-means, 

(2) parallepiped, 

(3) Gausian-maximum-likelihood classifier. 

The first two classifier are DN "distance" based and are not 

probability based classifiers. They were not used in this study. 

The maximum likelihood classifier quantitatively evaluates 

both the variance and covariance of spectral response patterns 

for each ground truth classification category for classifying 

each pixel. It makes the assumption that the distribution of the 

group of DN values forming the training data for ground 

classification category is Gausian (normally distributed). Under 
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this assumption, the distribution of a category's response 

pattern can be completely described by the mean vector and 

covariance matrix. With these parameters, the statistical 

probability of a given pixel value being a member of a particular 

land cover class can be computed. Figure 3.1 illustrates the 

strategy of a maximum likelihood classifier. Basically, it 

classifies the pixels on their equiprobability of being a member 

of each class (Lillesand and Kiefer; 1987). A minor disadvantage 

of this technique is that although it can accurately classify the 

Band 4 digital number -

Figure 3.1 Maximum likelihood classification strategy. 
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pixels, it requires a more intensive computation which needs more 

computer resources than the other "distance" techniques 

(Campbell, 1987). 

Unsupervised classification does not utilize training data 

as the basis for classification. Rather, this family of 

classifiers involves algorithms that examine all pixels in an 

image and aggregate them into a number of classes based on the 

natural groupings or clusters present in the image DN values. 

The classes that result from unsupervised classification are 

spectral grouping classes. The basic difference between 

supervised and unsupervised procedures is that in the supervised 

approach the researcher can define useful information categories 

and then examine their spectral separability; while in the 

unsupervised approach the procedure determines spectrally 

separable classes, then the user defines their informational 

utility (names) (Lillesand and Kiefer, 1987). 

3.5 The Output Stage 

Three general forms of image classification product that are 

commonly used include: graphic products, tabular data, and 

digital data files (Lillesand and Kiefer,1987). 

Graphic products include computer printouts and photographs 

using different colours, tones, or characters for each pixel in 

the array according to its assigned land cover category. 
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Tabular data are tables that list su.nunary statistics on the 

areal extent of the cover types present in a scene or in 

user-defined subscene areas. 

Digital information files are output from interpreted data 

files containing the classification results recorded on some type 

of computer storage medium (e.g. disk). 

All three categories of output data were used for various 

purposes in the course of this research study. 

4. FIELD AND LABORATORY WORK 

4.1 Imagery Acquisition and Ground Truth 

Imagery acquisition and image processing used in this study 

have been performed using the Simon Fraser University Remote 

Sensing Laboratory system. This system consists of a light 

aircraft, photographic and video cameras supported with accessory 

equipment, photographic image digitization and image processing 

hardware and software and various output printers and cameras 

(Roberts and Evans, 1985; Roberts et al., 1992). 

This video system consisted of: three monochromatic Sony 

XC-37 CCD video cameras with 12.5 mm Sony 1:1.8 lenses, using 

Oriel 75 nm band pass filters centred at 500, and 600 nm, and an 

88A filter for the near infrared (NIR 700-1000 nm) mounted in a 
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Cessna 185C Turbo Photo conversion aircraft. The gamma was 

adjusted for linear response on each video camera and its voltage 

response was monitored and adjusted using an Hitachi V-099 

waveform monitor. The imagery was recorded on video tape using 

three separate Sony EV-C8v video casette recorders. Along with 

the video cameras, two Nikon F-250 cameras with 24 mm Nikon 1:2.8 

lenses were used to record colour diapositive and colour infrared 

diapositive (IR Aerochrome 2443) aerial photographs at the same 

time as the video imagery. 

The imagery was flown at two different heights, 

(approximately 400 and 1600 m) above Westham Island (see Figure 

4.1) from west to east, on July 21 and 22 1990. Ground truth 

(Scirpus a. stem density) was collected at low tide at the same 

time imagery was flown. 

Ground truth (Scirpus a. stem density) involved total stem 

counts within a small (20 x 20 cm), light rectangular metal 

frame. The measurements were taken for 8 to 10 different random 

locations within 2 meters around each targeted site. Multiple (8 

to 10) stem count measurements were used to acquire an estimate 

of the mean stem density for each site. Each site was marked by 

two orange plastic garbage bags. These orange plastic bags were 

also used for recognition of the ground truth sites from the 

aircraft during data acquisition and for target identification 

during image processing. 

There were 20 sampling sites for the whole research location 
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Figure 4.1. Research study area, Westham Island, BC. 
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and five of them were used in the image processing for this study 

(see Figure 4.2). The images analysed were from the July 21 

flights. Table 4.1 presents the mean stem density for each site. 

Table 4.1. Ground truth data showing the mean stem density for 

the field sites in Figure 4.2. 

Sites 

1 

2 

3 

4 

5 

Mean 

137 

119 

90 

0 

0 

4.2 Image Pre-proccessing 

S.D. 

11 

18 

14 

0 

0 

The video imagery was digitally converted for analysis at 8 

bit resolution for each spectral band using a Xybion Imcap video 

digitization system (Roberts et al., 1992). These images were 

blue-green (SOOnm), deep yellow (600nm) and near infrared (NIR: 

approximately 700-lOOOnm) The pre-analysis digital images from 

the Xybion system were recorded as an 8 bit image and transferred 

to an Earthprobe One image processing system for further 

analyses. 

The aerial photography was video digitized at 8 bit 
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--

Figure 4.2. A section of the 600nm video image showing locations 
~here ground truth data were collected. Sites 1 and 2 were 
original places where ground truth were taken. Equal site 3 and 
4 means DNs on these sites were equal to DNs on the original 
sites 3 and 4 which appeared on the adjacent image. Site 5 is a 

pale silty mud. All three sites and two "equal" sites were 
treated as training sites for computer classification. Table 5.2 
presents the DN values for these ground truth training sites. 
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resolution for each spectral band using colour separation filters 

(Oriel 75nm band pass filters centred as 450, 550, and 650nm), a 

Panasonic Newvicon video camera and the Xybion Imcap video 

digitization system (Roberts et al., 1992). The digitization 

process from the photography was controlled with voltage 

adjustment to avoid image saturation. These digital images were 

transferred to the Earthprobe One system for image classification 

analyses. 

4.3 Video Image Analyses 

The first analytical step was to examine the DNs for each 

sampling site in the MSV images. It was found that the 600nm band 

image was best for stem density classification in comparison to 

the 500nm and the NIR band images because it exhibited a larger 

range of variation for the target area. Table 4.2, 4.3 and 4.4 

illustrate this performance difference. Table 4.2 shows that the 

600nm band image has fewer low DN value pixels than the 500nm 

(see Table 4.3) band image. As illustrated in Figure 4.2 the 

high stem density areas are clearly depicted by these low (dark) 

DN values on the 600nm image. The high number of low values on 

the 500nm image does not result in an adequate separation of high 

stem density areas from other vegetation densities. Similarly, 

on the NIR image (see Table 4.4) high DN values indicated areas 

of high grass stem density but the 600nm image provided a 
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superior DN spread and better stem density class separation. 

Based on visual examination and density slicing, it was 

decided that the imagery could be classified for three grass stem 

density levels: (1) black represented very dense sedge stands, 

(2) dark grey equalled medium stem density, (3) grey equalled low 

stem density and also showed mud. There were also two other 

interpreted image classes: (4) lighter grey equalled mud, and (5) 

the lightest grey showed pale silty mud. In this classification 

scheme, pools of water were included in either class 4 or class 

5. The relation between this classification scheme and the 

ground truth is shown in Table 4.5 for the 600nm band, 400m 

altitude image. 

The second step was analysing for image classification. The 

procedures for this step were: (1) choosing the training sites, 

(2) statistical calculation, (3) training classifiers, and (4) 

image classification. 

An indication of training procedure accuracy was given by 

the output matrix values at the end of the training procedure 

(see Table 4.6). In general performance was very good with 76% 

of the high stem density (class 1) pixels correctly classified 

and the remaining 23% classified at the medium stem density 

level. The medium stem density (class 2) had approximately 46% 

re-classification accuracy, although the other mis-classified 

pixels were cross classified into higher or lower stem density 

areas (99% of the medium level class were grouped as vegetated). 
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Table 4.2. Digital number (DN) printout from histogram function 

for the 600nm band, 400m altitude video image. DN values can 

range from 0 to 255 and total pixel numbers of each DN value on 

image is given in each column and row. For example, at the top 

row the DN values range from 0 (1523 pixels) to 9 (96 pixels), 

across the rnxt row from 10 to 19 and so on. The DN values 

spread from 0 to 149. DNs 1-90 would approximately stand for 

high to low stand stem density and 91-151 for brown to pale mud. 

29 

45J 
556 
B56 

1415 
1JS5 
1605 
1623 
1598 
1344 
3637 
3642 

317 

0 
0 
0 

0 
0 
" ·-· 

0 
0 



SCREE~~ BOX: F·: 0 L: = 319 l'iL: = 2J9 

----------------------------------------------------------------------------· ·rn:LE: GS3. Bl 
No. of S~mpl8s: 195713 
M~ximurn Histogram Value: 3595 
Maximum Histogram Location: 09 

-----------------------------------------------------------------------------0: 2915 142 173 210 238 352 328 467 513 61 0 , ". 555 716 741 880 823 (') '7" 917 , ?'"'>'7 1 ('\""), 1045 
...:..·-· .. -· .. ·-· -L-.:...:.. ..:..·-·.:.....:.. 
~u: 960 1405 ~ -(")., 4: - ""'.., 1J96 1J70 1257 1579 1510 163.:. .J.UUL. ..1.~..JL 

30: 1641 2546 2048 1708 2315 1864 2297 2043 2207 2510 40: 2359 1901 2636 2443 2387 2437 2227 2113 2286 2187 <: !'). 2090 1796 2154 2119 1734 l'.?-45 , C:1';'7 1901 188') 1955 
_, ._ -

..:..v_: Gr\ .. 1629 1526 1990 16J2 .. --..., 1657 1531 1537 4: ~"'"':.'''\ 1316 
v. .iJ:>...1 .J..I L.V 70: 1678 1629 1520 1493 l 799 1972 1779 1891 2058 2028 80: 2236 2783 2380 2665 2719 3175 3170 3324 3022 3595 {"\ !'). 3061 ..., "7 ") 1 

33~4 3159 2847 330') 2904 2887 2574 243-3 
..,,._ .. ,:_ : _: ..:.. 

100: 18~0 .. -n .. ~ ...... ~ ... 4: -:-: .4 - n.- 740 990 005 352 :: c .... .i.Ov 1. ..1.V/ ..1. ..l..t.\J .... '::JuV 
.J .J L. ilO: 361 249 216 LB 70 46 22 15 8 0 120: 4 6 4 2 0 0 0 0 0 0 130: Q 0 4 0 0 0 Q 0 Q Q 

140: v 0 v v v v v 0 v v 150: 0 0 0 0 0 0 0 0 0 0 160; 0 (l 0 0 0 0 0 0 0 0 170: 0 0 0 0 0 0 ,... 
0 c Q ·-· 100: v v 0 v v 0 v 0 ..... v v 

190: 0 0 0 0 0 0 0 0 0 0 200: 0 0 0 0 0 0 0 0 0 0 210: 0 0 0 0 0 0 ,... 
0 ,... 

Q ._. ..... 
~~ ........ v v 0 0 0 v . .... 0 0 v "-'V• v 
230: 0 0 0 0 0 0 0 0 0 0 240: 0 0 0 0 0 0 0 0 0 0 250: ,... 

0 0 ,... 
0 0 ..... ·-· 

-----------------------------------------------------------------------------

Table 4.3. DN histogram for the SOOnm band, 400m video image. 

The DN values spread from 0 (2915 pixels) to 132 (4 pixels). 
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Table 4.4. DN histogram for the NIR band, 400m video image. The 

DN values spread from 0 (384 pixels) to 191 (6 pixels). 
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Sites Ground T DNs Pixel app. GT Class 

1 137 1- 30 Black High stem density 

2 119 31- 60 Dark grey Medium stem density 

3 90 61- 90 Grey Low stem density 

4 91-130 Lighter grey Brown mud 

5 131-151 Lightest grey Pale silty mud 

Table 4.5. DN means and stem density mean values taken from 

ground truth and their relation to output pixel appearance and 

ground truth class for the 600nm band, 400m altitude video image. 

Class: 1 2 3 4 5 N 

Class 1 76.1 23.3 0.6 0.0 0.0 0.0 

Class 2 30.1 45.6 25.5 0.0 0.7 0.0 

Class 3 0.4 12.8 60.0 23.6 3.2 0.0 

Class 4 0.0 0.0 6.1 88.3 5.6 0.0 

Class 5 0.0 0.0 3.4 22.9 73.3 0.0 

Null 0.0 0.0 0.0 0.0 0.0 O". 0 

Table 4.6. Percentage of pixels classified according to ground 

truth data classes or DNs distribution classes of the related 

ground truth from the 600nm band, 400m altitude video image. The 

matrix diagonal shows the percent of pixels in the ground truth 

training areas re-classified into their original ground truth 

class. Other values indicate misclassified pixels. 

32 



The low stem density (Class 3) had 60% re-classification accuracy 

with 3% of pixels classified as mud. The overall accuracy for 

re-classification of the vegetated training areas was 

approximately 99% with 1% mud. This is an accurate 

representation of the ground truth data since there were some 

exposed mud areas in the class 3 (low stem density) training 

areas. 

The fourth step in image classification grouped the rest of 

the DNs according to their identified training values. Figure 

4.3 shows a final result from image classification for the 600nm 

band, 400m altitude video image. Table 4.7 gives the statistics 

for this image. This image clearly shows the vegetated area and, 

as illustrated by Table 4.7, that the decision boundaries between 

the stem density classes are somewhat arbitrary. There is 

actually a stem density gradient between the three classes, this 

helps explain the stem density cross classification errors in 

Table 4.7. 

Total Number % Appearance 

Class 1 4,768 6.21 Black 

Class 2 7,586 9.88 Dark Grey 

Class 3 20,352 26.50 Grey 

Class 4 36,378 47.37 Lighter Grey 

Class 5 7,716 10.05 White 

Null 0.0 0.0 

Table 4.7. Number of pixels classified for each class and their 

appearance on the classified 600nm band, 400m video image. 
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Image classification for the 500nm, 400m video image was 

done for same location as the 600nm image. Figure 4.4 shows the 

final result of this 500nm band video image and Table 4.8 

presents the statistics. Although Figure 4.4 shows good accuracy 

for the vegetated area, the poorer performance in radiometric 

(DN) separation of stem density classes has also resulted in a 

larger area definition for overall vegetation than was identified 

by the ground truth training sites in the 600nm image. 

Image classification for medium (l,600m) altitude video 

imagery did not have as high classification accuracy. It seems 

that because of the smaller target scale, the video sensor was 

not able to detect stem density boundaries from the training 

sites as clearly as with the lower (400m) altitude video 

imagery. Because of difficulties in accurately identifying the 

training sites, the classification could not be done with as high 

an accuracy level. Figures 4.5 and 4.6 show the original and the 

c11ssified 600nm band, 1600m altitude video images. 

Total Number % Appearance 

Class 1 6,966 9.07 Black 

Class 2 11, 748 15.30 Dark Grey 

Class 3 21,282 27.71 Grey 

Class 4 31,351 40.82 Lighter Grey 

Class 5 5,543 7 .10 White 

Table 4.8. Number of pixels classified for each class and their 

appearance on the 500nm band, 400m altitude video image. 
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Figure 4.5. Original 600nm band, 1600m altitude video image. 
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Figure 4.6. Classified image for the 600nm band, 1600m altitude 

video image. Class 1 stands for high stem density, Class 2 for 

medium, Class 3 for low stem density mixed with brown mud, Class 

4 for brown mud, and Class 5 for pale silty mud. 
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4.4 Digitized Photographic Image Analyses 

Digitized colour aerial photography was analysed as a colour 
composite image with three broad spectral bands (red, green, and 
blue. These images were analysed using spectral band ratio and 

image classification procedures. 

By visual interpretation, it was clear that the quality of 

the digitized photography was not as good as the original 

photographs. Using a density slicing technique it was found that 

there were quite significant vignetting problem along the edges 

of these images and the video digitizing resulted in reduced 

spatial resolution. The classification analysis of the colour 

composite image was the same as was done for the video image 

classification procedures. Figure 4.7 shows the results of this 

classification. Note that there is a general reduction in total 

vegetated areas as shown on the video images and that the 

vignetting problem (from video digitizing) indicates false low 

stem density areas along one edge of the image. Aside from these 

problems, these results still provide an adequate indication of 

stem density variations. 

Spectral band ratioing was only tested for the digitized 

colour photographic images. This resulted in a radiometrically 

compressed image on which some of the DN values disappeared. 

This caused some classification problems due to the small range 

of DN distributions that were available for differentiating stem 
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Figure 4.7. Classified image for the 400m altitude digitized 

colour photography. Class 1 stands for high stem density, Class 

2 for medium, Class 3 for low stem density mixed with brown mud, 

Class 4 for brown mud, and Class 5 for pale silty mud (Note: 

image is inverted in relation to other images). 
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Figure 4.8. An example of a colour composite ratioed image for 

the 400m altitude digitized colour photographic image. The 

green/red ratio is displayed as red, the red/green ratio as green 

and the red/blue ratio as blue. 
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density classes. Figure 4.8 is an example of this composite 

ratioed image which was displayed in red, green, and blue band 

sequence. This colour display of the ratioed image provides a 

relatively accurate overall distribution of aquatic vegetation 

but does not adequately deal with stem density classes. 

5. DISCUSSION AND CONCLUSION 

5.1 Discussion 

In the 1980s, because of advances in computer science, image 

processing could be performed on relatively small personal 

computers. At the same time MSV remote sensing began taking a 

new approach. This involved the operation of video cameras from 

light aircraft and digital analysis of the MSV imagery using 

micro computer image processing (White, 1983; Vlcek & King,1985; 

Everitt et al., 1986; Roberts & Evans, 1986, Roberts et al., 

1992). 

Most MSV projects have been done for system development and 

research purposes. This is because MSV is still in an initial 

development stage. Although these systems are relatively new, as 

compared to aerial photography, they promise to be a useful 

future tool for private survey and government work (Mausel et 

al., 1992). 
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In this study video and digitized photographic image 

classifications for sedge stem density distributions have been 

tested and evaluated. The performance of the classified video 

imagery surpassed the classified video digitized photographic 

imagery in terms of matching the ground truth data. 

The video image quality used as input images for 

classification was good. Image classification using a maximum 

likelihood supervised classifier gave reasonable accuracy (see 

Table 4.6) for the centre area of the image for both the SOOnm 

and the 600nm MSV images. Classification results for the edge 

portion of the images, however, were not as good as at the centre 

portion. This was principally due to vignetting problems due to 

the optical geometry and high radiometric resolution of the MSV 

system. 

The quality of the classified video digitized SRP imagery 

was relatively poor because of distinct vignetting at the photo 

edges. It was also likely that the two phase process from ground 

target to photographic film and from photographic film to video 

digitized SRP image reduced the image quality due to hardware 

limitations in these processes. It was found that because of 

vignetting the pixels around the image edges appeared darker. 

This caused problems in choosing training sites and generating 

accurate statistics from training sites that were close to the 

image edge. 

In image ratioing the digitized photographic ratioed image 
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became compressed and was displayed using a short range of DNs. 

This caused difficulties in using training sites for 

classification. The advantage of image ratio procedures is that 

they clearly separate the appearance of vegetation and mud and 

partially control for vignetting. The disadvantage is that it 

was difficult to classify these images into stem density classes 

because of the compressed DN values after band ratioing. 

5.2 CONCLUSION 

MSV remote sensing has some advantages over other remote 

sensing systems including aerial photography. These are: (1) 

real-time or near-real-time availability for visual assessment or 

computer image processing analysis, (2) ability to collect 

spectral data in narrow bands (lO+nm) across the visible and near 

infrared electromagnetic spectrum, (3) low system and operating 

costs in comparison to other electro optical systems. Aerial 

photography provides photogrammetrically accurate object detail. 

These two remote sensing techniques can be used to support each 

other for better combined results in mapping. 

MSV image classification for stem density on Westham Island 

had satisfactory accuracy results from the 600nm and SOOnm MSV 

image bands. The video digitized colour photography 

classification was not as successful for classifying different 

levels of stem density for the same location due to digitizing 
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problem and poorer spectral resolution. 

In this research it was found that MSV imagery had superior 

spectral and radiometric response for classifying sedge 

communities than the digitized colour photography. For future 

similar research it would be suggested that MSV using registered 

and electronically shuttered multispectral camera packages, would 

give improved results. 
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ABSTRACT 

Remote sensing applications in Third World, or 

developing, countries were briefly reviewed. Remote sensing, 

as a resource information collection technology, is an 

advanced and high cost technology. In order to assist with 

natural resources management, Third World countries, like 

developed countries, require remote sensing because of the 

rapid and large data collection advantages it offers. This 

requirement has been met with the willingness of the 

technology owners (developed countries) through development 

aid packages in the form of grants and/or loan3. 

Theoretically, the high demand for, and available supply of, 

this technology should benefit Third World users and suppliers 

(developed countries). 

Unfortunately, what has happened in this field is that 

many Third World remote sensing users can not make use of such 

an advantage from an immediate technology transfer. Third 

World problems of insufficient education, lack of training, 

uncoordinated inter-govermental agencies and support funding 

shortages, have made the potential advantages of high 

technology transfer often not fully effective in practice. To 

overcome Third World country dependencies on developed 

countries, during technology transfer, it is suggested that 

education and training by the technology owner (developed 

countries) should be included in all technology transfer to 

ensure optimum uses of these advanced and expensive resources. 
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1. INTRODUCTION. 

Satellite remote sensing is an advanced high cost 

technology. Representatives of Third World countries were first 

exposed to this technology at the International Workshop on 

Satellite Remote Sensing held by the United States Aid for 

International Development (USAID) in Manila, Philipines, in 1973 

(Conitz and Lowe, 1977). Following that workshop, the use of 

satellite remote sensing in most Third World countries had been 

made possible under the aid assistance program set up by USAID 

(Greenblat et al., 1974; Conitz and Lowe, 1977). Subsequently, 

the introduction of this technology has been widely accepted in 

many Third World countries. In the 12th International Symposium 

on Remote Sensing of Environment in 1978 at Manila, several Third 

World countries (Philippines, Thailand, India, Indonesia, Iran, 

Egypt, Bangladesh, Pakistan and Latin American countries) 

demonstrated their uses of satellite remote sensing as a part of 

their national resource mapping and inventory systems (Roque; 

1978; Sabhasri et al., 1978; Rao; 1978; Pranoto, 1978; Jazayeri 

and Naderi, 1978; Shazly et al., 1978; Hossain et al., 1978; 

Ahmad, 1978; Adrien and Bartolucci, 1978). 

Aerial photography has been used in all Third World 

countries since World War II. Between 1942-1945, for military 

purposes, countries such as India, Algeria, Congo, Brazil and 

Jamaica had extensive aerial photographic surveys undertaken by 
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the United Kingdom, France, Belgium and United States (Thompson 

and Gruner, 1980; Quackenbush, 1960). 

After World War II, and through to the 1960's, many new 

countries had arisen from Africa and Asia with the end of 

colonialism. These newborn countries required many maps to help 

recognize and develop their natu8ral resources. Unfortunately, 

almost all of these countries were very poor. Lack of educated 

labor and other disadvantages, such as struggling to maintain 

unity from internal rebellion, left them incapable of producing 

their own photographic mapping systems. The most frequent 

problems for these Third World countries, often termed developing 

countries, were and are a lack of appropriate technology and a 

financial shortages for their economic planning and development 

(Djojohadikusumo, 1980; Reitsma and Kleinpenning, 1985; Krueger 

and Ruttan, 1989). One way to recover from this problem has been 

to acquire financial and technical assistance from industrialized 

countries. Fortunately, some of these wealthy industrialized 

countries had former colonial ties and understood the problems 

facing these Third World countries. As a result, from the mid 

1950's until now, almost all countries in South America, Africa 

and Asia have been aid recipients from the industrialized 

countries (Arnold, 1980). Agencies such as the World Bank, the 

International Monetary Fund (IMF), the African Development Bank 

(AfDB), the Inter-American Development Bank (IDB), and the Asian 

Development Bank (ADB), usually fund most aid projects (Adrien 
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and Bartolucci, 1978; Reistma and Kleinpening, 1985). 

After World War II the United States introduced the Marshal 

Plan to rebuild Western Europe. Basicaly this plan consisted of 

soft currency loans and technology supplies to reorganize and 

strengthen the disordered Western European economy after the war 

(Arnold, 1985). The success of the Marshall Plan inspired many 

leaders of industrialized countries to initiate similar aid 

programs for the Third World. Unfortunately, in the 1970's after 

10-20 years, it be came clear that many Third World problems 

addressed by these programmes still existed and the high 

expectations of restoring the declining Third World economies 

were slowly reduced (Krueger and Ruttan, 1989). 

In the early stages, international assistance to Third World 

countries has often been in the form of grants and or soft loans, 

which have not always been used effectively. This often happened 

because of a lack of feasibility studies in conjunction with many 

other in-country problems (Abioudun, 1977). However, with 

appropriate adjustments (funding limits and repayment 

constraints) it still appeared to be the best possible option for 

Third World problems (Djojohadikusumo, 1980). 

Remote sensing technology transfer in the form of: (a) 

education and training, and (b) technical assistance and 

technology purchasing, has been one example of this type of 

international aid to Third World countries (Greenblat et al., 

1974; Conitz and Lowe, 1977). 
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2. REMOTE SENSING IN THIRD WORLD COUNTRIES. 

2.1 INTRODUCTION 

The usefulness of remote sensing in Third World countries 

had been recognized by scientists since the 1960's. After World 

War II, and the Korean War, with the evolution of new nations, 

world attention turned toward development issues and the need to 

reach better global living conditions. One aspect, that a few 

countries recognized as a problem of early development planning, 

was the lack of representative natural resource maps. Countries 

such India, Bangladesh, Malaysia, Philippines and Thailand, in 

Asia, and Egypt, Nigeria and Tanzania, in Africa, used aerial 

photography as their main mapping system (Rao, 1978; Hossain, 

1978; Nor, 1978). Brazil, Bolivia, Columbia, Panama, Peru, and 

Venezuela, in South America, were also using aerial photography 

and radar techniques for their natural resources inventories 

(Roque, 1978; Adrien and Bartolucci, 1978). 

In the 1970's, when satellite remote sensing (LANDSAT) 

products began to appear to be economically reasonable for 

natural resource inventory, many Third World countries expressed 

their willingness to apply this technology to natural resource 

management. This need has been met through the use of state 

owned satellites such as the United States' Landsat series, and 

the interests of these owner states who wished to maximize the 
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utility of their technology (Murthy, 1978). Since then, with 

financing through development aid packages from international 

banks and bilateral/multilateral corporations in the form of 

loans for equipment purchasing and grants for training and 

education, this advanced remote sensing technology has entered 

Third World country institutions (Greenblat et al., 1974; Conitz 

and Lowe, 1977; Adrien and Bartolucci, 1978; Szekielda, 1986). 

2.2 South America 

Satellite remote sensing in South America was broadly 

accepted by several resource agencies. Ministries of forestry, 

geology and land-use in Argentina, Brazil, Bolivia, Chile and 

Mexico were actively using Landsat imagery in the late 1970's, 

for resource mapping (Adrien and Bartolucci, 1978). 

The initial stage of satellite remote sensing development 

for Third World countries dates back to May 1973, when USAID 

sponsored its first remote sensing technology workshop for 

developing countries in the Philippines . In 1974, Bolivia had 

been one of the first four selected countries to receive a pilot 

project for LANDSAT imagery use by USAID. Project grants 

concerning remote sensing applications had also been provided to 

study forestry in Peru, geology in Bolivia, and 

multi-disciplinary resource information for integrated 

development planning of under utilized regions in Chile (Conitz 
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and Lowe, 1977). In 1973, Brazil established the first LANDSAT 

ground station in South America, receiving multi spectral 

satellite data for parts of Argentina, Chile, Columbia, Ecuador, 

Venezuela, Bolivia, Guyana, Paraguay, Peru, Surinam and Uruguay. 

In the period 1972-1978, a series of projects, including one to 

provide radar mosaics of 4 million square kilometers of the 

Amazon Basin, had begun. Example projects included: aid in 

designing tentative routes for the Trans Amazon Highway, Brazil; 

a gas pipeline from Santa Cruz, Bolivia to Corumba, Brazil; 

delineation of lithium and potassium deposits in the salt flat of 

Uyuni, Bolivia, and; railroad construction from Santa Cruz to 

Trinidad, Bolivia (Adrien and Bartolucci, 1978; Narada, 1980). 

Another project (1976) between the Canadian government 

through the Canadian International Development Agency (CIDA) and 

the government of Peru had set up a remote sensing project 

estimated at US $465,000, involving research, training and 

hardware purchasing (Adrien and Bartolucci, 1978; Dubois and 

Bruce, 1978). For all remote sensing projects in Latin America 

the IDB had spent close to $5.2 million (US) by 1978 (Adrien and 

Bartolucci, 1978; Dubois and Bruce, 1978). 

Based on categories established by Adrien and Bartolucci 

(1978) Argentina, Bolivia, Brazil, Chile and Mexico are involved 

in advanced remote sensing activities; while the rest of Central 

and South America are at intermediate and beginner levels (see 

Table 1). Another indicator of remote sensing use in South 
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American countries is the increasing involvement at the 

Environmental Research Institute of Michigan (ERIM) remote 

sensing symposium. At the 14th Remote Sensing of Environment 

Symposium in 1980 at San Jose, Costa Rica, there were 34 

proceedings from 9 countries (see Table 2). This number 

increased to 58 from 7 countries at the 16th Symposium in 1982 at 

Buenos Aires, Argentina (see Table 3). The most significant 

progress in remote sensing use in the early 1980s goes to 

Argentina. This country presented 30 papers. This occurred 

concurrently with the establishment of a Landsat ground receiving 

station in 1979 in the Mar Chiquita province of Buenos Aires 

(Pena and Pagel, 1980). By the mid 1980s, Colombia had become 

very active in the remote sensing community. It seems that the 

collaboration of the Columbia Remote Sensing Agency with the 

International Institute for Aerial Survey and Earth Sciences 

(ITC) of the Netherlands, has increased the capabilities of 

Columbian remote sensing (Rivera, 1982; Malino and Torres, 1991). 
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Table 1. Classification of Latin American countries according to 

remote sensing activities in 1978. Criteria used for 

classification are: (a) attendance at international symposia, 

workshop in remote sensing, (b) hosting or cosponsoring remote 

sensing program, (c) creation of a national remote sensing body, 

(d) remote sensing publication, (e) international financing of 

remote sensing projects, (f) Earth resources satellite ground 

station, (g) use of data collection platforms (Modified from 

Adrien and Bartolucci, 1978). 

Beginning 

Bahamas 

Barbados 

Cuba 

Dominican Rep. 

Guyana 

Haiti 

Honduras 

Jamaica 

Nicaragua 

Panama 

Paraguay 

Uruguay 

Intermediate 

Colombia 

Costa Rica 

Ecuador 

El Salvador 

Guatemala 

Peru 

Venezuela 

8 

Advanced 

Argentina 

Bolivia 

Brazi 

Chile 

Mexico 



Table 2. Number of proceedings from Latin American countries 

presented at the 14th Symposium on Remote Sensing of Environment, 

1980, San Jose, Costa Rica. 

Country If of Procedings 

1. Argentina 3 

2. Bolivia 2 

3. Braz ilia 12 

4. Chili 1 

5. Costa Rica 4 

6. Equador 1 

7. Mexico 7 

8. Peru 2 

9. Venezuela 2 Total 34 

Table 3. Number of proceedings from Latin American countries 

presented at the 16th Symposium on Remote Sensing of Environment, 

1982, Buenos Aires, Argentina. 

Country ff of Proceedings 

1. Argentina 30 

2. Brazil 19 

3. Bolivia 1 

4. Chili 2 

5. Colombia 2 

6. Mexico 3 

7. Venezuela 1 Total 58 
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2.3 Africa 

Satellite remote sensing technology had been used in Africa 

not long after the launching of Landsat I in 1972. The first 

recorded example was the joint work of an Egyptian scientist with 

a American colleague. In 1974 this research project used Landsat 

I images for complimenting existing geologic maps and making new 

ones for inadequately mapped or unmapped areas in Egypt (Shazly 

et al., 1974). A remote sensing workshop sponsored by the United 

Nations was also successfully hosted in Egypt (Abiodun, 1977), 

Mali and Kenya (Conitz and Lowe, 1977). Selected research 

projects, funded by USAID dealing with remote sensing use in 

agriculture for Lesotho, and cartography in Zaire, were funded 

and given to local investigators in those countries. 

USAID projects using LANDSAT imagery, were also successfully 

conducted in 1977 in Tanzania and Mali for a comprehensive 

resource inventory. In the same year, two regional remote 

sensing training centers, one in Upper Volta to serve West 

African regions and the other in Kenya to serve East Africa had 

been approved by USAID (Conitz and Lowe, 1977). 

At the regional level, the United Nations Economic 

Commission for Africa (UNECA) was also a strong supporter of the 

use of remote sensing in Africa. By its recommendation three 

ground receiving and processing stations (Kinshasa in Zaire, 

Ouagadougou in Upper Volta and Nairobi in Kenya), and five 
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trainer and user assistance centers (Kinshasa, Ouagadougou, 

Nairobi, Kairo in Egypt, and Ile Ife in Nigeria) had been 

established. For this programme approximately $19 million (US) 

from African countries and $12 million (US) from donor countries 

(USA, Canada and France) had been approvedand spent (Ouedraogo, 

1980). By the early 1980s, however, just a few proceedings from 

Africa appeared in international remote sensing symposia 

sponsored by the ERIM. 

This shortage of information did not continue. In the 20th 

International Symposium on Remote Sensing of Environment held in 

Nairobi, Kenya, in 1986, 34 papers and presentations were from 

Table 4. Number of proceedings from African Countries presented 

at the 20th Symposium on Remote Sensing of Environment, 1986, at 

Nairobi, Kenya, and at the 22nd, 1988, Abidjan, Cote d'Ivoire. 

Country II of Proceedings 

1. Burkina Faso 3 

2. Egypt 6 

3. Ethiopia 2 

4. Ghana 1 

5. Kenya 13 

6. Maritius 1 

7. Nigeria 2 

8. Sudan 3 

9. Zimbabwe 3 Total 34 
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African participants pertaining to all land related studies in 

that region (see Table 4). Although optimistic, UNECA warned the 

participants that the use of satellite remote sensing as an 

advance technology should be optimized for economic development 

(Adedeji, 1986; Olujohungbe and Hassan, 1988). In the 22nd 

International Symposium, in 1988, held in the Abidjan Republic, 

Cote d'Ivoire, 29 papers from 11 African countries (see Table 5) 

had been presented, all covering land-related studies in Africa. 

However, after 14 years of experimenting with this advanced 

technology, its appropriateness was in question. This was due to 

Table 5. Numbers of proceedings from African Countries presented 

at the 22nd Symposium on Remote Sensing of Environment, 1988, at 

Abidjan, Cote d'Ivorie. 

Country Ii of Proceedings 

1. Burkina Faso 2 

2. Cote d' Ivoire 9 

3. Ghana 2 

4. Gui nee 1 

25. Kenya 7 

6. Niger 1 

7. Nigeria 3 

8. Sudan 2 

9. Tanzania 1 

10. Tunisia 1 Total 29 
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the fact that many remote sensing projects had failed due to the 

expense of remote sensing hardware, and the poor economic 

conditions which still threaten most of the countries in this 

region (Fezzani, 1988). 

2.4 Asia 

Some Asian countries (Bangladesh, Iran, Philippines and 

Thailand) have participated in satellite remote sensing since 

1972 when the LANDSAT I was about to be launched. At that time, 

a few scientist from those countries had submitted, to NASA, 

research proposals which dealt with LANDSAT imagery (Greenblat et 

al., 1974). After the launching of LANDSAT I (1972), those 

countries had received LANDSAT imagery by late 1972 and began to 

study it (Hossain, et al., 1978; Jazayeri and Naderi, 1978; 

Roque, 1978; Sabhasari et al., 1978). 

In 1973, USAID sponsored a workshop on remote sensing 

utilization for development in Manila. This workshop was 

successful and, because of high interest from the participants, a 

similar workshop was also held in Jakarta, Indonesia (Conitz and 

Lowe, 1973). In 1974, USAID collaborated with ERIM and awarded 

five programme grants, for the use of LANDSAT and other remote 

sensing data, to investigators in Bangladesh, Sri Lanka, Thailand 

(agricultural development), the Philippines (underutilized region 

development), and Pakistan (coastal zone development). By 1974, 
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Bangladesh, Philippines and Thailand had already set up national 

remote sensing conunittees for their resource inventories 

(Sabhasari, 1978). 

In the late 1970s countries such as; China, India, and 

Indonesia, had begun to actively participate in the remote 

sensing conununity, especially after their successes in setting 

up their own national remote sensing programmes for development 

Table 6. Number of proceedings from Asian countries presented at 

the 12th International Symposium on Remote Sensing of 

Environment, 1978, at Manila, Philippines. 

Country II of Proceedings 

1. Bangladesh 5 

2. China 4 

3. India 9 

4. Indonesia 8 

5. Iran 3 

6. Malaysia 2 

7. Nepal 1 

8. Pakistan 1 

9. Philippines 9 

10. Singapore 2 

11. Sri Lanka 1 

12. Taiwan 1 

13. Thailand 8 Total 54 
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purposes (Rao, 1978; Asmoro, 1978). In 1978, ERIM, in 

collaboration with the Philippine government, held the 12th 

International Symposium on Remote Sensing of Environment, at 

Manila. At that symposium there were 54 remote sensing papers by 

Asian participants from 13 Asian countries (see Table 6). 

One big step achieved by Asian remote sensing communities 

occurred when USAID announced, in 1978, the establishment of the 

Asian Regional Remote Sensing Center for Training (ARRSCT) in 

Bangkok, Thailand. This remote sensing center was established to 

train resource specialists of the developing countries of Asia in 

applying results and techniques from satellite remote sensing 

technology to solve their resources related problems (Kearns, 

1981). In 1984 this institution had graduated more than a 

hundred participants from sixteen Asian countries (Nualchawee, 

1984). 

Satellite remote sensing i8s a high cost technology. 

Therefore not all Third World countries have placed it as a 

priority choice. But for some countries such as China, India, 

Indonesia and Saudi Arabia, this technology has been preferred 

for meeting some of their needs (Szekielda, 1986). These 

countries, between 1979-1982, were the biggest purchasers of 

Landsat photographic images and computer compatible tapes (CCT) 

from the EROS data center (see Table 7). This fact is not 

surprising. China, India and Indonesia are the three biggest 

countries in terms of land area and population while Saudi Arabia 

is a country with the World's richest potential oil resources. 
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Indonesia uses a three stage remote sensing plan: (1) low 

altitude aerial photography for satellite "ground truth" 

acquisition; (2) high altitude aerial photography, supplemented 

by Side Looking Airborne Radar (SLAR), for mapping regions with 

long periods of cloud cover, and; (3) a satellite remote sensing 

program using LANDSAT imagery for compiling national resources 

inventory base maps (Pranoto, 1978). Several other Asian 

countries such as China, India, and Thailand are practising 

multi-stage remote sensing, although, like Indonesia, aerial 

photography is still the main technology to provide the basic 

national maps for their countries (Rao, 1978). 

2.5 Discussion. 

The potential of airborne and satellite remote sensing to 

provide a means for finding and developing the natural resources 

and wealth of Third World countries is well established (Brown, 

1974; Conitz and Lowe, 1977). Multispectral airborne remote 

sensing has been used in several Third World countries since the 

late 1940s (Quackenbush, 1960). However, because of the 

relatively high cost and technological expertise required, very 

often the process had to be applied under contract to, or the 

supervision of, foreign companies; therefore, the host country 

lacked the oportunity to master the technology (Abiodun, 1977). 
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Table 7. Top Asian countries buying Landsat data from EROS Data 

Center, 1979-1982, compared with the United States. 

Photographic Year Country Number % of grand total 

frames 1979 U.S.A. 21,890 21 

China 17,580 17 

India 3,549 3 

1980 U.S.A. 22,751 21 

China 13,138 12 

1981 U.S.A. 35,506 23 

China 13' 564 9 

Indonesia 6,453 4 

1982 U.S.A. 26,132 28 

China 7,445 8 

India 2,443 3 

Computer 1979 U.S.A. 1,304 40 

compatible Saudi Arabia 87 3 

tapes 1980 U.S.A. 1,760 35 

China 782 15 

1981 U.S.A. 3,843 39 

China 1,014 10 

Indonesia 252 3 

1982 U.S.A. 2,598 52 

China 403 8 
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In the 1970s the world welcomed satellite remote sensing 

(especially LANDSAT) for resource inventory. The huge potential 

of LANDSAT I had provided a further impetus for the United 

States, as the technology owner, to make Landsat products 

available to selected foreign countries (Conitz and Lowe, 1977). 

In the early stages, joint work8 between American institutions 

and foreign co-workers was funded by grants from USAID 

(Greenblat, et al., 1974, Conitz and Lowe, 1977). This aid 

facility would later become unavailable and, therefore, most 

remote sensing projects had to be funded by financial 

institutions such as the World Bank, regional banks, and other 

bilateral or multilateral collaboration in the form of economic 

loans (Sellman, 1984; BAKOSURTANAL,1987). 

A decision to choose the high cost advanced technology of 

satellite remote sensing could be a crucial matter for poor 

developing countries. In some developing countries, for example 

in the 1970's, a computer was a luxury and unfamiliar even for 

their scholars. Therefore, Brown (1974) suggested that 

technology transfer to the Third World should follow a chain of: 

(1) selection, (2) adaptation, and (3) applications procedures. 

This chain also requires an adequate knowledge of the individual 

receiptiant nation's characteristic resources, technical skill of 

their available man power, capital and other natural resources 

and the country's capacity to absorb the technology (Brown, 

1974). This chain of technology transfer can move forward 
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harmoniously if the basic requirement to assess advanced 

technology, (appropriate education) was placed first. Therefore, 

Milne (1990) and Bonn et al., (1990), recommended that education 

and training should be included foremost in the transfer of 

remote sensing technology. 

Another contributing factor that could determine the success 

of technology transfer lies with the role of the donor country. 

Luscombe (1990), suggested that donor agencies supposedly should 

coordinate their activities with others to avoid a duplication of 

efforts. They also have to be responsible for developing 

consistent and compatible systems. This is important due to the 

fact that many government agencies, in developing countries, lack 

coordination and are often reluctant to share information 

(Luscombe, 1990). 

3. REMOTE SENSING APPLICATIONS IN INDONESIA. 

3.1 Introduction. 

Indonesia is a large archipelago lying between 91 and 141 

degrees East Longitude, and 6 degrees North and 11 degrees South 

Latitude. Indonesia is situated between two continents, Asia and 

Australia, and two oceans, the Pacific and Indian. The country's 

land consists of five big islands: Sumatra (Andalas), Kalimantan 
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(Borneo), Java, Sulawesi (Celebes), and Irian Jaya (West Papua). 

Between and around these big islands there are about thirteen 

thousand more small islands, including Bali, Sumba, Sumbawa and 

Timor. Indonesia's population is approximately 180 million. 

Almost 90 million live in Java, the smallest of the big islands. 

Remote sensing, as part of the survey and mapping 

activities in Indonesia, started after Indonesian independence in 

1949. Before 1949, some Indonesian territory, especially on the 

island of Java, had been aerial photographed by the Netherlands, 

which occupied Indonesia from the sixteenth century to 1945. 

During world war II some islands in east Indonesia such as Biak 

and West Papua had been aerial photographed by the allied 

forces. In the period of 1949-1966 the Indoensian goverment had 

attracted and invited aid from western countries to conduct 

aerial survey and map Indonesian regions. Unfortunately this aid 

was insufficient to have a significant impact on the Indonesian 

national mapping programme. 

In 1969, after passing a domestic restructuring programme, 

the new goverment began to set a new national mapping 

programmme. During the restructuring period the Indonesia 

goverment's foreign policy was to cooperate more with western 

countries. This brought much more development aid to Indonesia 

from the West, including job opportunities in the field of 

mapping. It quickly be came clear that, in conjunction with 

increased development, more maps and resource information were 
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required. The Indonesian goverment responded to this need by 

estabilishing two national agencies, BAKOSURTANAL (the National 

Coordination Agency for Surveying and Mapping) and LAPAN (the 

National Institute of Aeronautics and Space), that would be 

responsibled for ground surveying and remote sensing 

applications. In their tasks, these two institutions are not 

separate but interlinked and in support of each other. 

BAKOSURTANAL is mainly in charge of preparing a systematic 

national map while LAPAN is more concerned with developing and 

evaluating map production technology in itself (Irsyam, 1978). 

3.2 BAKOSURTANAL. 

These "new era" mapping activities in Indonesia can be 

marked by the establishment of BAKOSURTANAL on 17th October 

1969. In its earlier stage this institution was meant only to 

coordinate mapping activities in Indonesia, but, because of the 

rapid growth of Indonesia development in the 1970s, which 

required more resource information and better maps, BAKOSURTANAL 

was reassigned in 1972 as an operational mapping agency. 

To accomplish its task BAKOSURTANAL established long and 

short term progranunes. A long term progranune dealt with: (1) 

creating national base maps, (2) natural resources inventory and 

evaluation, (3) creating a national data base and map system, and 

(4) staff education and training. In the short term progranune, 
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BAKOSURTANAL provided facilities for research and training to 

other departments or institutions which usually used maps and/or 

another geographic data. 

3.3 Technology Selection. 

Faced with the need to provide national base maps and a 

natural resources inventory, in conjunction with technological 

progress in the mapping community, BAKOSURTANAL set up multistage 

and multisensor remote sensing as a part of its national long 

term programme. This remote sensing programme consists of three 

stages (Kalensky et al., 1978) : 

1) Reconnaisance remote sensing using LANDSAT imagery 

supplemented with side looking airborne radar (SLAR) imagery. 

This stage was planned to produce thematic photomaps at a scale 

of 1:250,000 for the whole country. 

2) Small scale (1:100,000) remote sensing using high altitude 

panchromatic aerial photography. This stage was intended to 

provide input for orthophoto maps, at a scale of 1:50,000, for 

regions with small population densities (outside Java and Bali). 

3) Medium scale remote sensing based on panchromatic (1:50,000) 

and colour infrared (1:60,000 & 1:30,000) aerial photography 

This medium scale photography was to be taken for mainly the 

densely populated islands of Java and Bali. 

After almost two decades of work, mostly under the 
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supervision and assistance of foreign companies under aid 

contracts, in 1987 BAKOSURTANAL reported that the aerial 

photography had been completed and the LANDSAT and SLAR imagery 

programme had also achieved satisfactory results (17 Tahun 

BAKOSURTANAL). 

3.4 Technology Transfer and Education. 

In the last 15 years, Indonesia economic growth has been 

above 5 % each year. During the same period of time Indonesia 

has adapted to technology transfer from industrialised countries 

and has promoted sending goverment officials abroad for further 

education. Part of this programme has involved remote sensing 

technology transfer. 

Remote sensing technology transfer to Indonesia is sponsored 

mainly in by BAKOSURTANAL and LAPAN. According to published data 

(17 tahun BAKOSURTANAL), several international contracts related 

to remote sensing technology (training, corporate projects, and 

hardware and software purchasing) have been undertaken and some 

are presently in progress. The following have made important 

contributions to this process: (1) CIDA loan for projects and 

education, (2) IBRD (International Bank Resources Development) 

loan for projects and education, (3) A.DB (Asian Development Bank) 

loan for projects and education, and (4) loans and/or grants from 

the goverments of the Netherlands, Australia, Italy, United 
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Kingdom, Japan, Germany, and Switzerland for education or 

training in their countries. In 1987 there were 224 government 

officials that already had foreign diplomas: in special courses 

(106 fellows), postgraduate (118), MA/MSc (18) and PhD (2) (see 

Table 8). Two Indonesian universities (Institue Teknologi 

Bandung (ITB) in Bandung, West 8Java, and Universitas Gadjah Mada 

(UGM) in Yogyakarta,Central Java) offer remote sensing as 

academic subjects (Faculty of Geodetic Engineering at ITB and the 

Faculty of Geography at UGM). Both of these faculties also run 

graduate (master) programmes in remote sensing, and are equipped 

with remote sensing laboratories. The remote sensing facility in 

BAKOSURTANAL consist of photograrnmetric instruments and computer 

centre for image proceesings. 

3.5 Research with LANDSAT Imagery. 

LANDSAT imagery has been used in the preliminary study of 

forest inventories for Indonesian islands (Wiroatmodjo, 1978). 
,' 
I Wiroatmodjo (1978) found that LANDSAT I composite imagery (band 

4, 5, and 7) could be used to distinguish clearly between 

Mangrove and Nipa (Palm in intertidal land) and suggested the 

possibility of using LANDSAT imagery as a preliminary forest 

inventory. Kalensky et al. (1978) made intensive use of LANDSAT 

I imagery to thematically map Lombok Island. This work was 

supplemented in the training site areas by using 1:50,000 
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Table 8. Number of Indonesian government officials who had 

foreign diploma in remote sensing related subjects. This training 

had been posible under international banks or bilateral through 

cooperative funding with the Indonesian government via 

BAKOSURTANAL. 

Year Degree of Education Subtotals 

Courses Post Graduate Master Ph.D 

1970 4 4 

1971 3 3 

1972 3 3 

1975 1 1 

1976 2 7 9 

1977 5 1 6 

1978 13 10 1 24 

1979 8 12 20 

1980 1 5 6 

1981 16 16 

1982 19 2 9 30 

1983 5 2 2 1 10 

1984 6 18 24 

1985 14 16 2 1 33 

1986 17 34 4 55 

Totals 106 118 18 2 244 

25 



panchromatic aerial photographs, low altitude colour obliques 

(taken from hand held cameras) and spot field checks in selected 

ground areas. They then generated unsupervised and, 

subsequently, supervised classifications for the two LANDSAT 

images. The two classified images were overlaid printed to 

produce the final result, a three-colour vegetation and land use 

map (1:250,000). This work, due to insufficient hardware and 

image proccesing software, had to be completed in Canada and 

Japan. 

Research in Indonesia using LANDSAT imagery has included: 

modelling wetland regional rice production in Java (Malingreau, 

1978); delineation of granitic masses in Kurnbano (Suwijanto, 

1978); the geological mapping of the Pahangan sheet in central 

Kalimantan (Soejitno, 1978); mapping archeology sites from a 

former Majapahit Kingdom city (17 tahun BAKOSURTANAL); detecting 

water pollution in Jakarta Bay (Praseno et al,, 1978), and; 

resource inventories (Malingreau & Santoso, 1978; Kalensky et 

al., 1980). 

3.6 Discussion. 

The Indonesian use of remote sensing technology as a tool 

for general mapping and resource inventories has been briefly 

reviewed. Aerial photography and photogranunetry have been used 

for mapping since the 1950s. Since the appointment of 
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BAKOSURTANAL in 1971, as the Indonesian agency reponsible for 

national mapping and resource inventory, remote sensing has been 

selected as the principal technological tool for this task 

(Asmara, 1978). After 17 years of work by BAKOSURTANAL, all of 

Indonesia has been aerial photographed at a 1:100,000 scale and 

mapped at both 1:50,000 and 1:100,000 scales. At the same time, 

most of the region has also been covered by LANDSAT (1,2 and 3) 

imagery. Most of these images have already been processed and 

are stored as CCT and film negatives. A few of these images, 

especially some that covered transmigration projects, have been 

classifed into several themes according to various project needs. 

Remote sensing technology transfer in Indonesia has been 

mostly done through government projects. These projects were 

usually funded either by the national budget under circumstances 

where the project goes to a domestic company, or by international 

funding. Under international funding the projects mostly have 

been done by foreign companies with some partial contribution 

from Indonesian companies (particularly involving ground truth 

data collection). Some Indonesian mapping companies are capable 

of flying aerial photography and undertaking aerial photographic 

interpretation projects. Private companies such as Exxa 

International and GEOJAVA have also been sub-contracting some 

aerial photography mapping projects from an Australian company 

based in Indonesia. 

Satellite remote sensing technology tranfer in Indonesia 
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basically occured in two ways: (1) technological purchasing and 

training, and; (2) education and/or training abroad. 

BAKOSURTANAL has been the most successful Indonesian agency to 

provide a remote sensing programme for the country. This agency 

has remote sensing hardware and software including an ARIES II 

with a Digital Image Processing (Dipix) system. They have also 

established a remote sensing institute to train other government 

officers (from universities and the Internal Affairs Ministry) in 

mapping and aerial photographic interpretation. In collaboration 

with the Department of Geography of Gadja Mada University (UGM), 

in 1975 BAKOSURTANAL established PUSPICS (Indonesia abreviation 

for remote sensing program for resource inventory using images 

and ground survey) on the UGM campus at Yogyakarta. This 

institute has remote sensing laboratories and provides a six 

month training programme for students in related remote sensing 

subjects. Other national agencies such LAPAN and the Forests 

Ministry are also actively using satellite remote sensing in 

their tasks. 

LAPAN is most interested in research while Forestry uses 

remote sensing technology as an inventory tool (Irsyam, 1978; 

Wiroatmodjo, 1978; Wiryosoedirdjo, 1990). 

Remote sensing, whether with aerial photography or satellite 

imagery, has been taught in Indonesian universities and 

institutes which have geographic, geodetic, forestry and 

agricultural programmes as primary or supplementary subject 
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diciplines. Unfortunately, these academic units are very 

dependant upon government, especially the Ministry of Education, 

for their equipment and research budgets. As well as teaching, 

most professors who teach remote sensing do some research in this 

subject, although it is often without the benefit of field data 

or ground truth. This is because of an almost zero research 

budget allocation for this subject in the universities. Research 

funding from other government agencies is uncommon. Besides a 

lack of coordination, each Indonesian agency often attempts to 

undertake their own research usually with unqualified 

researchers. 

Indonesia, as developing country, is still struggling with 

development planning coordination. As Luscombe et al. (1990) 

pointed out, government agencies in developing countries are 

reluctant to share information. This also happens in Indonesia. 

Agriculture, forestry and public work ministries have their own 

survey and mapping divisions and there is little interagency 

coordination. To overcome this situation a long time of 

intensive education in many disciplines, including in remote 

sensing is required. 

4. SUMMARY AND CONCLUSIONS. 

Airborne remote sensing, has been widely used by world 
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countries as a tool for mapping and inventories of natural 

resources (Quakenbush,1960). With the coming of satellite remote 

sensing, many Third World countries adopted this technology for 

their natural resource inventories (Malingreau, 1978). 

Remote sensing from both airborne and satellite platforms is 

an advanced and high cost technology. Aerial photography, for 

example, requires at least an airplane, suitable aerial cameras, 

photographic interpretation and photograrrunetric equipment and a 

map plotter. In addition to this equipment a knowledge of map 

production technology is required in order to produce a final 

map. There is a need for skilled labour in aerial photographic 

interpretation and photograrrunetric mapping. This must be 

achieved through intensive education prograrrunes in universities 

and/or technical institutes. 

Technology selection should be viewed from many aspects such 

as economic, technology transfer and education (Olujohungbe and 

Hassan, 1988; Remondieree, 1990; Milne,1990). For example, a 

tiny country such as Singapura is not interested in the routine 

use of satellite remote sensing, other than for specialized 

research and in education (Nicole & Gupta, 1990). Malaysia, a 

medium sized country, considered aerial photography as being 

better suited to the country's needs and, therefore, has been 

slow to accept satellite remote sensing (Nor, 1978). Some 

smaller countries, such as Srilanka and Venezuela, however, have 

chosen satellite remote sensing as a primary resource mapping 
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r 
tool for the reason that this technology can overcome some of the 

need for new resource data as well as assisting updating older 

data (Brown, 1974; Hossain, 1978). Big Third World countries, 

such as China, India, Brazil and Indonesia, have all used 

satellite remote sensing as much as airborne systems (mainly 

photography) and have been working towards accomplishing resource 

managements tasks with these systems (Shih-Ren,1980, Rao, 1978, 

Prasmoro, 1978, Hidayat, 1992). 

The involvement of Third World countries in using remote 

sensing technology can be categorized at three different levels. 

The first and the highest level includes the countries which use 

both airborne and satellite imagery and began experimenting with 

their own sensor systems (China and India) (Shih-Ren, 1980; 

Gopala, 1990). The second level includes countries which 

intensively use airborne and satellite imagery for their mapping 

and resource inventory programmes (e.g. Brazil, Argentina, 

Indonesia, Thailand, Nigeria) (Szekielda, 1986; Vibulsresth, 

1990; Adeniyi et al., 1988). The third level includes countries 

which use satellite and airborne imagery only for a few specific 

purposes (e.g. geological exploration, land use mapping) in 

certain regions. Many poor countries in Africa are at this 

level. 

Because of the high cost technology, satellite remote 

sensing technology transfer has been done through government 

contracts involving development aid (loan or grant). In the case 
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of loans, the package usually consists of hardware and software 

purchases which often supplemented with short 

education/training. The suitability of this technology transfer 

pattern is disputed. While many reports from South American and 

Asian developing countries have favored this pattern 

(Changchui,1990; Sanchez Pena, 1991), there is a warning that 

some user countries in Africa were not well prepared for advanced 

technology transfer, and were not able to make practical use this 

high cost advanced technology for their development purposes 

(Fezzani, 1990). 

Remote sensing technology transfer for sustaining global 

development is still very important; however, for many Third 

World countries it requires some readjustment (Milne, 1990). 

Experiences from the past have indicated that donor agencies or 

scientists from industrialized countries dominate the role of 

determining what project or research is to be done. This 

practice should be modified to provide trained domestic 

technicians and scientists. As an illustration, 85% of current 

research on the African continent is done by scientists from the 

donor countries with little involvement from the local scientific 

community and agencies (Bonn et al., 1990). Donor agencies have 

to take the responsibility for coordinating their work in order 

to reduce or eliminate overlapping efforts and to ensure that 

suitable and compatible technological systems (hardware and 

software) are supplied (Luscombe, 1990). 
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A multi stage remote sensing approach (airborne and 

satellite imagery) is still the best way for many developing 

countries to obtain necessary resource data for economic 

development. Scientist from these countries should convince 

their governments that education and training are urgently 

required if they are to be involved in remote sensing technology 

transfer. Failure to provide proper education and training will 

result in the recipient country being incapable of providing a 

fair and accurate assessment of the utility of the advanced 

technology being offered as a trade commodity. 

5. REFERENCES 

Abiodun, Adigun A., 1977. The Transfer of Remote Sensing 
Technology in the Developing Nations - An Observation, 
Proceedings, 11th Symposium on Remote Sensing of 
Environment Ann Arbor, U.S.A. 

Adedeji, A., 1986. Remote Sensing and African Development, 
Proceedings, 20th Symposium on Remote Sensing of 
Environment, Nairobi, Kenya. 

Adrien, Pierre-Marie, and Luis A. Bartolucci, 1978. Remote 
Sensing Technology and New Development Trends in Latin 
America, Proceedings, 12th Symposium on Remote Sensing 
of Environment, Manila, Philippines. 

Ahmad, M. Shafi, 1978. Pakistan National Programme of 
Remote Sensing Application, Proceedings, 12th Symposium 
on Remote Sensing of Environment, Manila, Philippine. 

Arnold, Guy, 1985. Aid and the Third World: the North/South 
Divide, Robert Royce Limited, London, U.K. 

Bonn, Ferdinand J., D. Gliche, and A. Merzouk, 1990. 
International Cooperation in Remote Sensing: How Can a 
Project Become a Success ?, Proceedings, 8th Symposium 
on Remote Sensing of Environment, Bangkok, Thailand. 

33 



r 
Brown, Garnet, 1974. The Importance of Remote Sensing 

Technology to the International Community and in 
Particular to the Third World, Proceedings, 8th 
Symposium on Remote Sensing of Environment, Paris, 
France. 

Conitz, Merrill W., and Donald S. Lowe, 1977. Remote 
Sensing Utilization of Developing Countries: An 
Appropriate Technology, Proceedings, 11th Symposium on 
Remote Sensing of Environment, Ann Arbor, U.S.A. 

Djojohadikusumo, Sumitro, 1980. Science and Technology in 
Global Development, in Science, Technology, and the 
Human Prospect, ed. by Star, C. and P.C. Ritterbush, 
Proceedings, Edison Centenial Symposium, Pergamon 
Press, New York, U.S.A. 

DuBois, F.P., and W.D. Bruce, 1978. Remote Sensing 
Technology Transfer the Canadian-Peruvian Approach, 
Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippines. 

El Sahzly, E.M., 1978. Application of Landsat Imagery in 
the Geological and Soil Investigations in the Central 
Western Egypt, Proceedings, 12th Svmposium on Remote 
Sensing of Environment, Manila, Philippines. 

Fezzani, Chedly, 1988. Which Remote Sensing for Africa or 
rather Which Geographic Information for Africa, 
Proceedings, 22nd Symposium on Remote Sensing of 
Environment, Abidjan, Cote d'Ivoire. 

Greenblat, E.J., D.S. Lowe, and R.A. Summers, 1974. 
Evaluation of ERTS Data Utilization in Developing 
Countries, Proceedings, 8th Symposium on Remote Sensing 
of Environment, Paris France. 

Hossain, Anwar, M.U. Chaudhury, and M.A.H. Pramik, 1978. 
Bangladesh Landsat Programme: a review of the programme 
and a repport on the activities, Proceedings, 12th 
Symposium on Remote Sensing of Environment, Manila, 
Philippines. 

Irsyam, Mahsun, 1978. Some Notes on the Experience of LAPAN 
in the Development of Remote Sensing in Indonesia, 
Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippines. 

Jazayeri B., and F. Naderi, 1978. Satellite Remote Sensing 
Activities in Iran, Proceedings, 12th Symposium on 
Remote Sensing of Environment, Manila, Philippines. 

34 



r 
Kalensky, Z.D., Kardono Darmoyuwono, T.F. Potts and T. 

Michino, 1978. Thematic Map of Lombok Island from 
Landsat Computer Compatible Tapes, Proceedings, 12th 
Symposium on Remote Sensing of Environment, Manila, 
Philippines. 

Kalensky, Z.D., Kardono Darmoyuwono, and J. Kaser, 1980. 
Resources Mapping by Landsat in Developing Countries, 
Proceedings, 14th Symposium on Remote Sensing of 
Environment, San Jose, Costa Rica. 

Kearns, James A., and Kaew Nualchawee, 1981. The Asian 
Regional Remote Sensing Training Center (ARRSTC) of the 
Asian Institute of Technology (AIT), Proceedings, 15th 
Symposium on Remote Sensing of Environment, Ann Arbor, 
U.S.A. 

Krueger A. 0., C. Michalopoulos C. and V.W. Ruttan, 1989. 
Aid and Development, John Hopkins Iniv. Press, 
Baltimore. U.S.A. 

Luscombe, B. Wayne, 1990. Resource Information Management 
in Developing Countries: the Role of Donor Agencies, 
Proceedings, 23rd Symposium on Remote Sensing of 
Environment, Bangkok, Thailand. 

Malingreau, Jean-Paul, 1978. Remote Sensing Inputs into a 
Wetland Rice Regional Production Model (Java), 
Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippines. 

Malingreau, Jean-Paul, and Santoso P., 1978. An Ecological 
Approach to Resources Inventory: the Photomorphic 
Analaysis of a Landsat Image of Central Java, 
Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippines. 

Marino, Molina L.C., and M. Ardila Torres, 1991. IGAC'S 
Role in Remote Sensing Technology Transfer in Latin 
America and its Application in Colombia, Proceedings, 
24th Symposium on Remote Sensing of Environment, Rio de 
Janero, Brazil. 

Milne, Tony, 1990. Education Aspects of Technology 
Transfer, Proceedings, 23rd Symposium on Remote Sensing 
of Environment, Bangkok, Thailand. 

Murthy, H.G.S., 1978. The United Nations Role in Satellite 
Remote Sensing, Proceedings, 12th Symposium on Remote 
Sensing of Environment, Manila Philippines. 

35 



r 
1 

Nichol, Janet E., and Avijit Gupta, 1990. Remote Sensing of 
Sediment Plumes in South-East Asia: a case study of 
Singapura, Proceedings, 12th Symposium on Remote 
Sensing of Environment, Bangkok Thailand. 

Nor, Saleh Mohd., 1978. Remote Sensing Activities in 
Malaysia, Proceedings, 12th Symposium on Remote Sensing 
of Environment, Manila, Philippine. 

Olujohungbe, Funso, and Hassan Moh. Hassan, 1988. The Role 
of Remote Sensing in the Implementation of Africa's 
Economic Recovery Programmes, Proceedings, 22nd 
Symposium on Remote Sensing of Environment, Abidjan, 
Cote d'Ivoire. 

Ouedraogo, Halidou, 1980. The African Remote Sensing 
Programme, Proceedings, 14th Symposium on Remote 
Sensing of Environment, San Jose, Costa Rica. 

Pena, Miguel S., and Sigfredo F. Pagel, 1980. Argentina 
Remote Sensing Programme-Establishment of a Landsat 
Receiving Station, Proceedings, 14th Symposium on 
Remote Sensing of Environment, San Jose, Costa Rica. 

Pranoto, Asmoro, 1978. The Application of Remote Sensing in 
Support of the National Program for the Inventory and 
Evaluation of the Country's Natural Resources 
(Indonesia), Proceedings, 12th Symposium on Remote 
Sensing of Environment, Manila, Philippines. 

Praseno, D.P., Soejoeti, Z., and Dijardjana, 1978. The 
Application of Remote Sensing in Marine Research in 
Indonesia, Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippine. 

Quackenbush, Robert S. Jr., Arthur C. Lundahl and Edward 
Monsour, 1960. The Development of Photo Interpretation in 
Manual of Photographic Interpretation, ed. by Robert N. 
Colwell, American Society of Photogrammetry, U.S.A. 

Rao, K.R., 1978. Remote Sensing Activities in India: A Country 
Report, Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippines. 

Reitsma, H. A. and J.M.G. Kleinpenning, 1985. The Third World in 
Perspective, Van Gorcum & Comp. B.V., Assen, The 
Netherlands. 

Remondiere, Sylvie, 1990. Economic Interest of Remote 
Sensing, Proceedings, 23rd Symposium on Remote Sensing of 
Environment, Bangkok Thailand. 

36 



Rivera, Hernan H., 1982. The Colombian Remote Sensing 
Program, Proceedings, 16th Symposium on Remote Sensing of 
Environment, Buenos Aires, Argentina. 

Roque, C.R., 1978. Remote Sensing Program of the 
Philippines, Proceedings, 12th Symposium on Remote Sensing 
of Environment, Manila, Philippines. 

Sabhasri, Sanga, P. '.,heosakul, B. Indrambarya, and S. 
Vilbulsresth, 1978. Thailand National Remote Sensing 
Program: Past, Present, and Future, Proceedings, 12th 
Symposium on Remote Sensing of Environment, Manila, 
Philippines. 

Sellman, Buzz, 1984. Planning for the Appropriate Transfer of 
Remote Sensing Technologies into Developing Countries: 
Recommendations for an Institutional Impact Process, 
Proceedings, 18th Symposium on Remote Sensing of 
Environment, Paris, France. 

Shih-Ren, Yang, 1980. A Brief Introduction to the 
Development of Remote Sensing and its Application in the 
People's of Republic China, Proceedings, 14th Symposium on 
Remote Sensing of Environment, San Jose, Costa Rica. 

Sujitno, Turus, 1978. Remote Sensing Applications for 
Geological Mapping of Pahangan Sheet, Central 
Kalimantan-Indonesia, Proceedings, 12th Symposium on Remote 
Sensing of Environment, Manila, Philippines. 

Suwijanto,, 1978. Zone of Mineralization in the Northern Part of 
South Sulawesi and its Structural Control, as Observed from 
Landsat Imagery, Proceedings, 12th Symposium on Remote 
Sensing of Environment, Manila, Philippines. 

Szekielda, Karl-Heinz, 1986. Satellite Remote Sensing for 
Resources Development, Graham & Tr_:tman Limited, London, 
U.K., and Gaithersburg-MD, U.S.A. 

Thompson, Morris M., and Heinz Gruner, 1980. Foundations of 
Photogrammetry, in Manual of Photogrammetry, ed. by Chester 
C. Slama, American Society of Photogrammetery, Falls Church, 
U.S.A. 

Wiroatmodjo, Piran, 1978. Experiments in the Use of Remote 
Sensing from Satellite and Aerial Photography for Forest 
Inventory, Proceedings, 12th Symposium on Remote Sensing of 
Environment, Manila, Philippines. 

----,1987. 17 tahun BAKOSURTANAL, Cibinong-Bogor, 
Indonesia. 

37 




	Longdong_001
	Longdong_002
	Longdong_003
	Longdong_004
	Longdong_005
	Longdong_006
	Longdong_007
	Longdong_008
	Longdong_009
	Longdong_010
	Longdong_011
	Longdong_012
	Longdong_013
	Longdong_014
	Longdong_015
	Longdong_016
	Longdong_017
	Longdong_018
	Longdong_019
	Longdong_020
	Longdong_021
	Longdong_022
	Longdong_023
	Longdong_024
	Longdong_025
	Longdong_026
	Longdong_027
	Longdong_028
	Longdong_029
	Longdong_030
	Longdong_031
	Longdong_032
	Longdong_033
	Longdong_034
	Longdong_035
	Longdong_036
	Longdong_037
	Longdong_038
	Longdong_039
	Longdong_040
	Longdong_041
	Longdong_042
	Longdong_043
	Longdong_044
	Longdong_045
	Longdong_046
	Longdong_047
	Longdong_048
	Longdong_049
	Longdong_050
	Longdong_051
	Longdong_052
	Longdong_053
	Longdong_054
	Longdong_055
	Longdong_056
	Longdong_057
	Longdong_058
	Longdong_059
	Longdong_060
	Longdong_061
	Longdong_062
	Longdong_063
	Longdong_064
	Longdong_065
	Longdong_066
	Longdong_067
	Longdong_068
	Longdong_069
	Longdong_070
	Longdong_071
	Longdong_072
	Longdong_073
	Longdong_074
	Longdong_075
	Longdong_076
	Longdong_077
	Longdong_078
	Longdong_079
	Longdong_080
	Longdong_081
	Longdong_082
	Longdong_083
	Longdong_084
	Longdong_085
	Longdong_086
	Longdong_087
	Longdong_088
	Longdong_089
	Longdong_090
	Longdong_091
	Longdong_092
	Longdong_093
	Longdong_094
	Longdong_095
	Longdong_096
	Longdong_097

