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ABSTRACT

As the role of television in the aerospace industry has expanded so has the need for video
telemetry. In most cases it is important that the video signal be encrypted due to the
sensitive nature of the data. Since this means that the signal must be transmitted in digital
form, video compression technology must be employed to minimize the transmitted bit
rate while maintaining the picture quality at an acceptable level. The basic compression
technique which has been employed recently, with successful results, is a combination of
Differential PCM and Variable Length coding (DPCM/VLC). This technique has been
proposed to the Range Commanders Council to become a possible standard.

The purpose of this paper is to compare the basic DPCM/VLC technique with alternative
coding technologies. Alternative compression techniques which will be reviewed include
Transform coding, Vector Quantization, and Bit Plane coding. All candidate techniques
will be viewed as containing four elements -- signal conditioning, signal processing,
quantization, and variable length coding. All four techniques will be evaluated and
compared from the stand point of compression ratio and picture quality.

SYSTEM OVERVIEW

Figure 1 is a block diagram of a generic secure video telemetry system which transmits
TV from an airborne platform to the ground. The encoder/decoder reduces the bit rate of
the transmitted signal while maintaining high output picture quality appropriate for the
mission. There are several system reasons that the transmitted bit rate should be
minimized.



- minimize transmitter power
- minimize channel bandwidth
- permit encryption
- maximize range of the airborne vehicle

The input video signal is highly compressible due to its inherent redundancy within the TV
frame (spatial) and from frame to frame (temporal). This paper deals only with spatial
redundancy since intraframe compression is a mature technology which is applicable
today as well as the future. The remainder of this paper examines four particular
compression techniques and compares their performance by means of computer
simulation.

VIDEO COMPRESSION TECHNIQUES

Figure 2 is a functional block diagram of a generic compression system illustrating the
various compression techniques which could be applied to video signals. The diagram
shows that any image compressor can be viewed as having four sequential functions:
signal conditioner, signal processor, quantizer, and variable length coding. The purpose of
the signal conditioner is to prepare the input uncompressed signal for the subsequent
coding process. The Signal Processing (SP) function is probably the heart of the overall
compression subsystem. In the case of Predictive Coding the SP performs the prediction
function. In the case of Transform Coding the SP performs the transform function. In
these two particular cases the output of the SP is a prediction error signal and transform
coefficients respectively. In all cases the SP output signal is quantized for transmission.
The output of the quantization process is a series of binary codes or words each defining
a single pixel or block of pixels. These codes are not equally probable, i.e. redundancy
exists. At this point variable length coding (VLC) is employed to reduce this redundancy.
Short codes are assigned to likely events, and longer codes are assigned to unlikely
events. VLC is a lossless, transparent process which does not degrade the coding
accuracy.

SIGNAL CONDITIONING

Signal conditioning techniques are able to be cascaded with each other and with the
subsequent coding techniques. Sub-band filtering could be advantageous because the
signal may have different properties in the various frequency bands which could be most
efficiently encoded by different compression algorithms.

Companding is the name for a general process wherein the transfer function of the input
signal is modified to optimize the following compression process. For example an
AGC-type function may be used to ensure the amplitude of the input signal is adjusted for



optimum compression -- not too small, not too large to cause limiting. This gain
adjustment may appear trivial, but it is difficult to do well. If the input transfer function is
linear it is frequently desirable to modify (compand) the signal so that low level signals are
encoded more precisely than high level signals. This is commonly done to match the
logarithmic characteristic of the eye.

SIGNAL PROCESSING

PCM transmits each pel as an independent sample without taking advantage of the high
degree of pel-to-pel correlation existing in most pictures. Predictive coding is a basic
bit-rate reduction technique which does reduce this pel-to-pel redundancy. Figure 3 is a
block diagram illustrating the basic predictive coding process. A predictor predicts the
brightness value of each new pel based solely upon the pels which have been previously
quantized and transmitted. The predicted brightness value is subtracted from the actual
brightness value of the new pel resulting in a bipolar prediction error signal. This error
signal is quantized, variable length coded, and transmitted.

At the receiver the inverse of the VLC and quantization process is performed and the
decoded error signal is added to the predicted value to form the output signal for viewing.
The output signal is fed to the predictor to be used for prediction of the next pel.
Referring back to the predictive compressor the reader will note that the transmitted signal
is decoded at the transmitter using exactly the same decoding process which is used at the
receiver. The predictive encoder can be viewed as a servo loop which continually forces
the decoded output signal to be as close as possible to the input signal. The predictor can
vary over a wide range of complexities. Predictions can be one-dimensional based upon
the previous pel in the line or they may be two/three dimensional using pixels from the
previous line/frame.

TRANSFORM CODING  -  Transform coding algorithms, generally speaking, operate
as two step processes. In the first step a linear transformation of the original signal
(separated into sub-blocks of N x N pels each) is performed, in which signal space is
mapped into transform space. In the second step, the transformed signal is compressed
by encoding each sub-block through quantization and variable length coding. The
function of the transformation operation is to make the transformed samples more
independent than the original samples, so that the subsequent operation of quantization
may be done more efficiently.

The transformation operation itself does not provide compression; rather, it is a
re-mapping of the signal into another domain in which compression can be achieved more
effectively. Compression can be achieved for two reasons. First, not all of the transform
domain coefficients need to be transmitted in order to achieve acceptable picture quality



for many applications. Second, the coefficients that are transmitted can be frequently
encoded with reduced precision without seriously affecting image quality.

Transforms that have proven useful include the Discrete Cosine, Karhunen-Loeve, and
Walsh-Hadamard, Fourier, Haar, Slant, and Affine transforms. The Karhunen-Loeve
transform (KLT) is considered to be an optimum transformation, and for this reason
many other transformations have been compared to it in terms of performance. The
Discrete Cosine Transform (DCT) is one of an extensive family of sinusoidal transforms.
The DCT has been singled out for special attention by workers in the image processing
field, principally because, for conventional image data having reasonably high inter-
element correlation, the DCT’s performance is virtually indistinguishable from that of
other transforms which are much more complex to implement.

The first step in the coding process is to determine which coefficients are to be
transmitted and which are to be deleted. In general most of the energy is contained in the
low frequency coefficients with relatively little signal strength in the high frequency
coefficients. In Adaptive Zonal Coding the coefficients are transmitted in a zigzag
sequence. A threshold is established and a decision is made to truncate the zigzag
sequence at the point where the coefficient amplitude falls below the threshold. An end-
of-block code word is transmitted indicating where the coefficients are truncated. The
final step in the coding process is to quantize and assign variable length codes to those
coefficients selected for transmission. Two types of distortion appear in transform coded
pictures: truncation error and quantization errors. Quantization errors are noiselike
whereas truncation errors cause a loss of resolution. In practice the truncation threshold
and quantization precision must be adjusted experimentally to achieve the maximum
compression and acceptable picture quality.

BIT PLANE CODING  -  Most picture coding techniques are inexact in that they do
not usually transmit an exact replica of the original PCM picture. Bit Plane Coding (BPC)
can be a lossless coding technique which exactly reproduces the input image. BPC
requires the storage of a least one complete scan line at the transmitter prior to encoding
and at the receiver after decoding. Consider the case where a four-bit PCM image is to be
transmitted. In BPC, the four bits for all of the pels in a scan line are not transmitted pel
by pel, but sequentially in accordance with the coding precision. First, all of the most
significant bits of all the pels in the line are transmitted. This is defined to be the most
significant bit “plane.” Then, the second most significant bit plane is transmitted, and so
on until all four bit planes are transmitted. Bit-rate reduction is achieved because each
plane is encoded for transmission by using a binary image compression technique. At the
receiver, all planes are reassembled in the normal multibit-per-pel word structure such that
the image can be printed pel by pel.



QUANTIZATION

As shown in Figure 2 the input uncompressed signal is typically already digitized or
quantized, and therefore all subsequent processing is usually accomplished by digital
means. The basic quantization process discussed in this section is that digitization which
is performed as part of the coding process. For example in the case of predictive coding
(Figure 3) the input to the quantizer is a bipolar signal which represents the error between
the predicted and actual signals. In this case the quantization is usually non-linear with
small errors being encoded more precisely than large errors. In many cases a compression
system may employ more than one quantizer. If the system can/must reduce the
transmitted bits/pixel, a low precision quantizer is employed, while a more exact quantizer
is employed when other conditions prevail.

The common quantization process is defined as “scalar” in the sense that the magnitude
of a single pixel or transform coefficient is quantized. An alternative quantization process
is vector quantization where more than one pixel or coefficient is simultaneously quantized
as a vector. For example, if two pixels, each defined by 3 bit PCM, are vector quantized a
single “vector” having 64 possible values is transmitted rather than two scalars each
having 8 possible values.

VECTOR QUANTIZATION  -  Vector Quantization begins by dividing an image to be
transmitted into rectangular blocks of pixels. The transmitter compares each block with a
large library of typical blocks, called a “codebook,” and selects the library block that best
approximates the block to be transmitted . The transmitter then encodes and transmits the
index to the selected library block. The receiver, equipped with a copy of the codebook,
decodes the index, retrieves the selected library block and inserts it into the output image.

In all the variations of Vector Quantization there is a trade-off between image quality and
data compression. In the theoretical limit of zero distortion, the codebook would contain
vectors representing all possible blocks. An exact match would always be found.
Distortionless transmission would, however, entail an enormous codebook and little data
compression, even with optimal coding. At the other extreme, a codebook containing few
vectors (representative blocks) would yield large compression ratios, but poor image
quality. The objective of any Vector Quantization system design is, therefore, to achieve
the best compromise among codebook size, data compression and received image
quality.

VARIABLE LENGTH CODING

Variable Length Coding (VLC) is a technique whereby each event is assigned a code that
may have a different number of bits. In order to obtain compression, short codes are



assigned to frequently occurring events, and long codes are assigned to infrequent events.
The expectation is that the average code length will be less than the fixed code length that
would otherwise be required. If all events are equally likely, or nearly so, then VLC will
not provide compression.

A major advantage of VLC is that it does not degrade the signal quality in any way. That
is, the reconstituted signal will exactly match the input signal so that if the signal is
adequately described by a series of events, using VLC’s to communicate them to the
decoder will not change the events. Therefore the system is transparent to the VLC used.
The disadvantage of VLC’s is that they only provide compression in an average sense.
Therefore, sometimes the code could be larger for a specific section of signal. In the case
of TV compression where pictures are fed to the compressor at a fixed rate (1/30 sec per
picture) this characteristic gives rise to the need for a buffer to match the variable rate of
bit generation with the fixed bit rate of the communication channel, and a control strategy
to prevent long-term overflows or underflows of the buffer.

The Comma Code is the simplest of the fixed VLC’s. The shift and B codes are
examples of more complex fixed VLC’s. The Huffman code is a VLC that provides the
shortest average code length for a given distribution of input probabilities. Conditional
and Arithmetic are examples of adaptive codes where the code automatically adapts to the
data which has been previously transmitted.

TEST RESULTS

Delta simulated the four compression algorithms described above using a general purpose
computer. Figure 4 illustrates the quality of the output images generated by the computer.
As part of the simulation process the compression (bits/pixel) and RMS error
(quantization levels relative to 8-bit PCM) were measured and are summarized in Table 1.
Data is also provided regarding observed subjective quality of the images and comments
on the relative maturity of the implementation technology. It is wise to state the obvious
fact that these simulation results are dependent upon the test image. Nevertheless, it is felt
that this image is representative and therefore a good indication of performance for a
broad range of telemetry applications.

SUMMARY

In summary, DPCM/VLC provides good compression, excellent picture quality, and the
implementation technology is very mature. For example, Delta Information Systems has
implemented an airborne DPCM/VLC encoder in a 12 cubic inch package. On an overall
basis the DPCM/VLC performance is superior to the Bit Plane Coding technique. The
DCT and VQ algorithms provide a higher level of compression than DPCM for the same



picture quality, but the implementation technology for DPCM is more mature. VLSI chips
for the DCT have recently become available to improve this situation. In conclusion,
compression technology has been effectively applied to video telemetry in the past, and
advanced techniques are becoming available to provide improvements in the future.

 FIGURE 1
GENERIC SECURE VIDEO TELEMETRY SYSTEM



FIGURE 2: FUNCTIONAL BLOCK DIAGRAM OF A GENERIC VIDEO
COMPRESSION SYSTEM



FIGURE 3
FUNCTIONAL BLOCK DIAGRAM OF A GENERIC PREDICTIVE

CODING SYSTEM

BITS/ RMS SUBJECTIVE IMPLEMENTATION
PIXEL ERROR QUALITY MATURITY

DPCM 1.5 4.9 Excellent Mature

DCT .5 4.5 Good Less Mature

VQ .75 5.0 Good Minus Immature

Stanag 5000 1.0 14.2 Poor Mature

TABLE  1
TEST RESULTS



(a) Bit Plane Coding (b) Vector Quantization
(c) Discrete Cosine Transform (d) Differential PCM

FIGURE 4: COMPUTER SIMULATION OUTPUT IMAGES
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