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BANDWIDTH COMPRESSION OF MULTISPECTRAL
SATELLITE IMAGERY

A. Habibi
TRW Defense and Space Systems Group

Redondo Beach, California 90272

ABSTRACT

Future LANDSAT satellites utilize a larger number of spectral bands and have a ground
resolution about an order of magnitude better than that of present satellites. This results in
larger bandwidth requirements for transmission, storage, and dissemination of the satellite
imagery.

This article summarizes the results of two studies at TRW Systems aimed at developing
efficient techniques for compressing the bandwidth of multispectral images. These
techniques are evaluated and compared using various criteria of optimality such as MSE,
SNR, and recognition accuracy of the bandwidth compressed images. The article also
discusses the bandwidth requirements for the Thematic Mapper is an example of the
increasing bandwidth requirements for the future satellites.

INTRODUCTION

NASA’s LANDSAT (ERTS) program has provided a wide variety of users the
opportunity to explore the utility of satellite-based earth resources observation. Although
the full range of applications has not yet been addressed, the potential of such systems to
earth resource management has been definitely established. The LANDSAT experiment
has also shown that converting this potential into an operational system in which practical
earth resource management can be accomplished requires extensive investments in
communications, data handling, and data processing. These investments are continually
increasing along with user requirements for increased spatial and spectral resolution, earth
coverage, and data timeliness which imply sensor output and data processing rates of
hundreds of megabits per second.

The objective of on-board data compression (source encoding) is to reduce costs and/or
systems constraints incurred by high data rates in the sensor-to-ultimate user data handling



chain. When the data rate and volume are reduced at the sensor, obvious benefits result.
These include: reduced on-board storage, simpler data transmission, simpler ground data
recording, and fewer data tapes to archives. This is accomplished by exploiting statistical
dependencies which exist between data samples in order to reduce the information rate.

Data compression has been the subject of much research and a large number of papers
over many years. In spite of the progress made in this field, few spacecraft missions have
been able to justify on-board data compression with its attendant risks in reliability and
data alteration, and its cost in terms of size, weight, and power. The situation, however,
has changed recently. Digital logic has become smaller, more reliable, less expensive, and
much less power consuming for a given amount of processing. It now appears practical to
actually implement an operational data compression system.

In the last few years there have been a number of studies for compressing the
bandwidth of multispectral data.1 General Electric and Philco-Ford have considered a
number of simple and elementary algorithms.2,3 Purdue University has considered use of
transform coding techniques and clustering algorithms for compressing the multispectral
data in separate studies.4,5 TRW Systems Group considered coding multispectral data
using errorless entropy coding of this data for archiving applications.6 Jet Propulsion
Laboratory has considered using clustering algorithms for joint bandwidth compression
and classification of multispectral images.7 These studies have shown that the bandwidth
of multispectral images can be reduced without introducing significant distortion in the
MSS images. The compression ratio ranges from 2:1 for the distortion-free coding
techniques to 6:1 and higher for the more complex systems.

TRW has conducted two more studies for compressing the bandwidth of MSS images.
These studies are more comprehensive in the sense that they consider a variety of
bandwidth compression techniques and evaluate and compare their performance using
different criteria of optimality, such as mean square error (MSE), signal-to-noise ratio
(SNR), recognition accuracy, and system complexity. This article will provide the
bandwidth requirements of Thematic Mapper (proposed for LANDSAT-D) as an example
of the increasing bandwidth requirements for the future satellites and summarize the results
of TRW multispectral bandwidth compression studies. For more details the readers are
referred to references 8 to 10.

DATA RATE/VOLUME IN LANDSAT-D

Preliminary characteristics of Thematic Mapper (proposed for LANDSAT-D) 11 is
listed in Table 1. These parameters show an increase in spatial as well as spectral
resolution over the multispectral scanners (MSS) data. Figure 1 shows the number of
bands and spectral utilization for the MSS and Thematic Mapper. These characteristics



result in realtime data rates in excess of 120 Mbps. Other data rate/volume characteristics
associated with Thematic Mapper (Table 2) show a need for compressing the bandwidth of
multispectral earth resources data in LANDSAT-D and future satellites. This need in
transmission of LANDSAT-D data to low cost ground stations (LCGS) is immediate since
bandwidth capability of most LCGS is limited to 20 Mbps. Compressing the bandwidth of
Thematic Mapper data by a compression ratio of 6:1 reduces the bandwidth of
LANDSAT-D data to the existing bandwidth range of LCGS.

BANDWIDTH COMPRESSION OF MSS IMAGERY (NONADAPTIVE
TECHNIQUES)

On-board compression of MSS images was considered at TRW as a two-part study.
The first part began with a survey of current literature on image bandwidth compression
and selection of those methods relevant to compression of multispectral imagery. The
selected techniques are listed in Table 3. These techniques exploit spatial as well as
spectral correlation of the multispectral data for a maximum reduction in the bandwidth.

Typical satellite multispectral data was then analyzed statistically and the results used
to select a smaller set of candidate bandwidth compression techniques particularly relevant
to earth resources data. These were compared using both theoretical analysis and
simulation, under various criteria of optimality such as mean square error (MSE), signal-
to-noise ratio, classification accuracy, and computational complexity. By concatenating
some of the most promising techniques, three multispectral data compression systems were
synthesized which appear well suited to current and future NASA earth resources
applications. The performance of these recommended systems was then examined in detail
by all of the above criteria.

Detailed results are provided (reference 1) with numerous charts and tables. A
significant conclusion of the study is that compression ratios of 3-4:1 are achievable with
very little distortion on multispectral earth resources imagery data. This is readily seen in
Table 4 which shows negligible distortion for almost all conceivable applications at 2 bits/
pixel data rates. The table also shows that by choosing the proper compression technique,
a gradual degradation in complexity can be achieved at lower rates but at an increasing
cost in complexity.

Other important conclusions which may be drawn from Table 4 are:

a) Fixed rate encoders give excellent quality imagery at 3-4:1 compression ratios.
This compression ratio may be increased 5:1 by making the system operate at a
variable rate with a Huffman encoder. Subjectively, reconstructed images are
almost indistinguishable from the originals.



b) At a fixed bit rate and compression ratio of almost 7:1, the Haar-Cosine-DPCM
system gives acceptable results. Cluster coding techniques can be used to obtain a
compression ratio of 11:1 with possibly acceptable performance. Compression
ratios of 13:1 and higher correspond to noticeably degraded imagery which would
probably be acceptable to only a few users.

c) The results obtained with LANDSAT imagery are corroborated by quite different
12-channel MSS aircraft gathered data. Thus, the conclusions are felt to be quite
general.

BANDWIDTH COMPRESSION OF MSS IMAGES (ADAPTIVE TECHNIQUES)

The second part of the study evaluates potential gains in data compression achieveable
by allowing adaptivity to local statistics. In general, this means calculating data statistics
for each block of some fixed size and coding the data in the block in different ways,
depending on the statistics.

From the set of potential compression algorithms shown in Figure 2, those most
appropriate for on-board compression of multispectral imagery were selected. Selection of
candidate adaptive techniques was based on the characteristics of multispectral data and
our experience in bandwidth compression of such data using nonadaptive techniques. Also,
special emphasis was placed on implementation complexity of these techniques and
compatibility with multispectral scanner requirements. More detailed explanation of the
selection of specific techniques is covered in reference 8. The candidate adaptive
techniques are listed in Figure 3.

The results of using adaptive techniques for compressing the bandwidth of multispectral
images are:

a) Adaptive techniques investigated are capable of providing higher SNR with less
complexity than the methods recommended in the first study. Without requiring
the complex KL spectral transform, the adaptive DPCM and hybrid techniques
achieve results approximately 2 to 3 dB better than those obtained by nonadaptive
techniques with the KL transform.

b) At a compression ratio corresponding to 2 bits/pixel, all adaptive coding
techniques produce good results. The reconstructed images are subjectively only
slightly distinguishable from originals; the SNR after coding is as high as 38 dB,
and recognition accuracies of over 85 percent are achievable. This performance is
possible using adaptive bandwidth compression techniques that operate at a fixed
bit rate. This is a significant conclusion of this study since reducing the bandwidth



of data generated by the TM to a bandwidth that can be transmitted over S-band
corresponds to a compression ratio equivalent to 1.84 bit/pixel. Comparative
performance of the best adaptive and nonadaptive techniques are shown in
Figure 4.

c) For low bit rates (below 1 bit/pixel), adaptive cluster coding produces the highest
SNR reconstructions.

d) Below 2 bits/pixel per band, each algorithm introduces different kinds of
distortion. Adaptive DPCM tends to blur the image slightly, the degree of blur
depending on bit rate. Adaptive hybrid Hadamard introduces a blocky structure
that might be partially reducible using post-filtering. The adaptive clustering
technique produces crisp images but introduces contouring. The adaptive 2D
Hadamard technique produces some blockiness (less than the Hybrid technique)
and also yields edge precursors. The 2D Cosine transform introduces slight
blurring.

e) Effects of the various techniques on classification consistency are extremely
scene-dependent. Radiometric distinctness of the various classes in the scene and
the type of distortion introduced by the compressor both affect the results
obtained.
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Table 1.  Preliminary Characteristics of
Thematic Mapper (Reference 11)



Figure 1.  Spectral Bands for MSS and Thematic Mapper
(Reference 11)

Table 2.  Thematic Mapper Data Rate/Volume
(Reference 11)

CHARACTERISTICS PARAMETER VALUES

LANDSAT ALTITUDE 700 KM

REALTIME DATA RATE 120 MBPS

IMAGE SIZE 185 X 185 KM

NUMBER OF BITS PER 7-BAND IMAGE ~2 X 109 BITS

NUMBER OF IMAGES PER DAY ~500

NUMBER OF BITS/DAY TO GSFC IMAGE
PROCESSING FACILITY (I PF) ~1012

GSFC TO DATA CENTER (S) RATE 10 MBPS (CONTINUOUS)



Table 3.  Candidate Techniques Selected for Compressing
the Bandwidth at MSS Data

GENERAL CLASS OF TECHNIQUES SPRCIFIC CODING TECHNIQUES SELECTED

THREE-DIMENSIONAL TRANS-
FORM CODING WITH BLOCK
QUANTIZATION

3D FOURIER TRANSFORM

3D HADAMARD TRANSFORM

3D SLANT TRANSFORM

3D COSINE TRANSFORM

SPECTRAL TRANSFORMATION
FOLLOWED BY A 2D ENCODER

1D KL (OR HAAR) TRANSFORM FOLLOWED
BY TWO-DIMENSIONAL DPCM

1D KL (OR HAAR) TRANSFORM FOLLOWED
BY COSINE/DPCM ENCODER

1D KL (OR HAAR) TRANSFORM FOLLOWED
BY HADAMARD/DPCM ENCODER

CLUSTER CODING TECHNIQUE USING NONSUPERVISED NONPARAMETRIC
CLASSIFIER

Table 4.  Selection of Compression Techniques

3.35:1 2 BITS/PIXLE

COMPRESSION
RATIO

BIT RATE RECOMMENDED
TECHNIQUE

TYPICAL
SNR (MSE)

(DB)

TYPICAL
CLASSIFICATION

CONSISTENCY (%)

RELATIVE
COMPUTATIONAL

COMPLEXITY

3.35.-1

5:1

6.75:1

11:1

2 BITS/PIXEL

1 .35 BIT/PIXEL

1 BIT/PIXEL

0.625 BIT/PIXEL

HAAR-2D DPCM

HAAR-COSINE/DPCM

HAAR-COSINE/DPCM
WITH HUFFMAN
CODING
CLUSTER CODING

35 (5)

32.5 (9)

31.5 (11)

29 (20)

90

86.5

83

71

1

2

4

10*

*ESTIMATED

 



Figure 2.  Adaptive Methods Divided Into Four Categories

Figure 3.  Candidate Adaptive Techniques



Figure 4.  Comparison of the Best Adaptive and Nonadaptive Techniques


