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COMPRESSION METHODS FOR INSTRUMENTATION VIDEO

Don Whiteman and Greg Glen
Naval Air Warfare Center Weapons Division

China Lake, CA

ABSTRACT

Video compression is typically required to solve the bandwidth problems related to
the transmission of instrumentation video . The use of color systems typically results in
bandwidth requirements beyond the capabilities of current receiving and recording
equipment.

The HORACE specification, IRIG-210, was introduced as an attempt to provide
standardization between government test ranges . The specification provides for video
compression in order to alleviate the bandwidth problems associated with
instrumentation video and is intended to assure compatibility, data quality, and
performance of instrumentation video systems.

This paper provides an overview of compression methods available for
instrumentation video and summarizes the benefits of each method and the problems
associated with different compression methods when utilized for instrumentation
video. The affects of increased data link bit error rates are also discussed for each
compression method.

This paper also includes a synopsis of the current HORACE specification, a proposed
Vector HORACE specification for color images and hardware being developed to
meet both specifications.
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INTRODUCTION

The requirement for transmission of high speed video data has resulted in a wealth of
compression techniques . Instrumentation video typically puts strenuous requirements
on video image compression and transmission techniques . Object position within a
scene (vertical and horizontal resolution), small objects, text contained within an
image, latency, background information, gray scale performance, performance in high
bit error rate (BER) environments, edge definition, bandwidth requirements
(compression ratio), and overflow losses for fixed bit rate data links are all critical and
often conflicting requirements which are placed on instrumentation video systems.

Several techniques are currently in use or under evaluation for transmission of
instrumentation video . Those under consideration or currently in use include, but are
not limited to, Delta Modulation, Differential Pulse Code Modulation (DPCM),
Adaptive Differential Pulse Code Modulation (ADPCM), Joint Photographic Experts
Group (JPEG), Motion Picture Experts Group (MPEG), Fractal, and Wavelet based
systems.

DISTRIBUTION STATEMENT A:  Approved for public release; distribution is
unlimited.
Each technique has its inherent advantages related to complexity, cost, picture quality,
compression ratio, available bandwidth, and BER performance for marginal data links .
In the end, the best solution is specific to individual system performance requirements
and intended data use.

Many government ranges currently use units based on the IRIG-210 HORACE
standard which is based on an ADPCM technique and has many advantages over other
techniques for the transmission of instrumentation video . The proposed Vector
HORACE specification, based on JPEG, will make an additional standardized
technique available for the ranges, where applicable . This paper will discuss several of
the advantages and disadvantages of some available video compression techniques.

COMPRESSION METHODS

Delta Modulation

Delta Modulation systems vary their output based on the change of the input signal at
fixed sample periods . The Delta Modulation system samples the analog video input



signal and if the input varies positive between samples the systems output will be a
positive signal of predefined amplitude . Delta Modulation techniques typically vary
output step size according to the rate of variation in the input signal, reference (1) .

The technique will increase output step size if the default step increment cannot keep
up with the input data's rate of change . The step size will typically increase after a
predefined number of successive steps have failed to keep up with the input data's rate
of change, slope overload . Delta Modulation systems typically are simple to design,
but, picture quality usually does not meet the requirements for instrumentation video .
Delta Modulation techniques typically do not provide good resolution and edge
definition performance . However, depending upon system requirements, these simple
systems can provide acceptable performance.

DPCM/ADPCM

The DPCM technique consists of the transmission of the difference between adjacent
pixel values. The DPCM system quantizes the difference between an actual pixel's
value and its expected value . The difference is then transmitted . An 8-bit PCM
system's pixel value is typically replaced by a 3-bit representation of the difference
between the actual and predicted pixel values . The predicted value is estimated based
on the difference between previous pixels in an image . The basic block diagram of a
DPCM system is shown on Figure 1.

Predictor
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Compressed
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FIGURE 1:  DPCM Transmission System

The DPCM predictor uses previous samples to predict the value of future samples .
The order of the predictor is defined as the number of previous pixel values used to
estimate the value of the current pixel . The system then encodes the difference
between the actual sample value and the predicted value . The encoded difference
value is then transmitted . The receive system utilizes a decoder and the same predictor
as the transmission system to recover the original sample values . The sampled values
are then filtered to recover the original analog video.



The ADPCM system changes the characteristics of the predictor based on changes in
the statistics of the image data . One basic type of ADPCM system varies step size
depending upon the rate of change of the input data . As in Delta Modulation, if the
predictor's rate of change cannot keep up with that of the input signal, the step size
must be varied to prevent slope overload . Another type of ADPCM system uses Delta
Modulation and DPCM together . The Delta Modulation technique is used for areas of
slow signal variation and the DPCM portion is used for more rapidly changing
information. This approach attempts to minimize both quantization noise and slope
overload effects.

The DPCM system is optimum for maintaining object position within a scene, offers
good latency and gray scale performance, maintains background information, is
relatively uncomplicated to implement, and works well in high BER environments as
a bit error will typically distort only one line of data in a frame . This method suffers
for some applications because of marginal edge definition and limited bandwidth
reduction.

JPEG

The JPEG compression standard, MIL-STD-188-198 or ISO/CCITT JPEG Standard,
is a transform coding method based upon the Discrete Cosine Transform (DCT) . MIL-
STD-188-198A defines three modes of operation:  Type 1 - 8-bit sample precision gray
scale sequential DCT with Huffman Coding, Type 2 - 24-bit color, 8-bit sample
precision per component, sequential DCT with Huffman coding, and Type 3 - 12-bit
sample precision gray scale sequential DCT with Huffman coding . There is also a
non-DCT based lossless compression method defined by the specification.

The JPEG compression technique is an intraframe method, meaning it transforms data
within a single frame . The transform is used because the correlation of image
coefficient energy is reduced in the transform domain . Because the image energy is
concentrated in fewer coefficients, compression can be achieved by several areas .
Compression can be achieved by discarding transform coefficients with little or no
energy. Compression is also enhanced because a more efficient quantization and
coding scheme can be realized on the uncorrelated transform coefficients.



The DCT has proven to be the transform which offers the best performance for image
compression. The expression for the DCT is;

                                                   7     7
            F(u,v) = 1/4[C(u)C(v)] _    _ f(x,y)cos{[¹u(2x+1)]/16}cos{[¹u(2x+1)]/16}
                                                y=0  x=0

where u and v are the vertical and horizontal indices of the coefficient array, x and y
are the vertical and horizontal positions of the pixel values for an input tile, and

C(i) = 1/sqrt(2) for i = 0,
or;

C(i) = 1 for 1 ³ i ³ 7.

The value F(0,0) represents  the DC term and is the value of brightness (or
chrominance) for the tile . The other coefficients, the AC terms, are measurements of
variation of picture content in the vertical and horizontal directions.

The basic DCT JPEG system is illustrated on Figure 2 . The system processes data in
8x8 pixel blocks or tiles . For example a 512x512 pixel frame would be divided into
4096 8x8 blocks of data . Each 8x8 block of data is transformed into a set of 64 DCT
coefficients, one DC coefficient and 63 AC coefficients . The DCT coefficients are
then each quantized into one of 64 values from a quantization table.

8x8 blocks

Image Data

DCT Huffman
Encoder

Compressed
Data

Quantizer

FIGURE 2:  JPEG Compression System



The quantized coefficients are then prepared for entropy coding and the difference
between the previous DC coefficient and current coefficient is encoded . The AC
coefficients are converted into a zig-zag sequence for transmission of each 8x8 block,
Figure 3.

. . .

DC AC1

AC2

AC3

AC5 AC6

AC9
AC61

AC62 AC63

FIGURE 3:  JPEG Coefficient Transmission Sequence

The final step in the encoding process is entropy encoding . The entropy coding
process used may consist of Huffman encoding or arithmetic encoding depending on
which is the most effective method for the video data being compressed.

The JPEG system, as shown on Figure 1, is utilized for compression of 8-bit gray
scale data. If 24-bit color data is to be compressed and transmitted, three of the
systems shown on Figure 1 are used in parallel to compress each of the 8-bit Red-
Green-Blue (RGB) components . If desired, the RGB components can be transformed
into 8-bit luminance (Y) chrominance (Cb, Cr) color space components and
compressed. The later approach is more efficient for compressing natural scenes.

The major advantage of the JPEG system is the high compression ratio achievable and
therefore a significant reduction in bandwidth requirements for a given picture quality.

The JPEG system is limited in its use for instrumentation video due to the following
factors. The nature of the encoding process may cause objects to be moved slightly
from their true positions . The compression ratios required to realize a significant
bandwidth reduction may cause halos, ghosts and other artifacts of small objects and
lettering to appear in the vertical and horizontal directions . Latency is also increased



in JPEG compression and more data will be lost which is still being processed at
intercept for warhead testing or direct hits on targets.

At high compression ratios “tiling” effects will cause loss of edge definition and
blurring of transmitted data causing a loss of background information and details . This
effect can also cause small target information to be lost, even that of high intensity
targets. Data transmitted over high BER links will suffer more than that transmitted
using the previously described methods as bit errors can result in the loss of several
8x8 blocks of data due to the way JPEG data is processed.

The JPEG protocol also describes a lossless mode of operation which does not make
use of the DCT. In this mode the data is processed by a predictor and the difference
between the actual and predicted value is entropy encoded . Lossless encoding is
typically not suitable for instrumentation video as little reduction in file size is
obtained for complex images and the available bandwidth is typically a limitation for
instrumentation video applications.

MPEG

The MPEG compression method is similar to the JPEG compression method in that it
also uses the DCT on blocks of data . However, the MPEG compression method is an
interframe method and not only transforms and compresses blocks within a frame, but,
uses data from prior frames to predict future values and quantizes the difference
between blocks and frames to achieve significantly higher compression ratios than
JPEG methods.

MPEG methods are typically not suitable for instrumentation video as bit errors will
not only distort the frames in which they occur but also subsequent frames resulting in
a large loss of data . Latency effects are also compounded vs. JPEG . The compression
algorithm is complex to implement and until recently this made the method unsuitable
for instrumentation video uses . However, recent advances in compression hardware
are making single chip MPEG compression solutions available.

Due to the previously mentioned concerns, this method should only be considered
where maximum compression ratios are required and latency, BER effects, object
position within a scene, and fixed bit rate (overflow losses) are not a concern . This
would probably limit MPEG solutions to landline links vs. transmission through free-
space when used for most instrumentation video applications.



Wavelets

The use of wavelets for video compression is becoming more common . The technique
has been limited for instrumentation video use due to the complexity of encoders and
latency problems.

Wavelets transform a whole image, unlike JPEG which transforms 8x8 blocks of
pixels in an image at a time . Thus wavelet techniques do not exhibit tiling effects and
artifacts common in high compression ratio JPEG and can be used at higher
compression ratios than JPEG . Wavelets also offer good edge resolution and detail
performance vs. JPEG.

The use of wavelets at higher compression ratios can yield the same quality as lower
compression ratio JPEG techniques . The possible bandwidth reduction makes the
future use of wavelets for transmission of instrumentation video image data desirable .
However, there are several drawbacks which should be considered prior to the
implementation of wavelet techniques . Wavelets are slower than JPEG to compress
and decompress and latency is the major problem faced in implementing wavelet
techniques. Wavelets are typically not suitable for real-time instrumentation video
because a great deal of data is lost, versus alternative compression techniques, at
intercept for warhead testing or in the case of direct hits on targets.

IRIG INSTRUMENTATION VIDEO STANDARDS

IRIG-210 HORACE Specification

The IRIG-210 HORACE Video Compression Standard was intended to satisfy a large
variety of video transmission needs including telemetry, instrumentation, and
surveillance. The standard allows the end user to specify transmission rate, horizontal
and temporal resolutions, and insert data not related to the video information.

The HORACE system is used for digital conversion and transmission of NTSC RS-
170 video data. The encoder's input accepts RS-170 analog data . The protocol encodes
a field of RS-170 data into 240 lines of digital data for transmission . The 240 lines of
data also allow for the addition of data packets not related to video information . The
HORACE Standard supports horizontal line resolutions of 128 to 1800 pixels per line.



The HORACE compression standard is based on the ADPCM compression technique .
The system has two basic modes of operation . The system can function as a 2-bit
DPCM system without entropy encoding or a three bit ADPCM system with entropy
encoding. The encoding technique can be varied for each line of data to take
maximum advantage of the current line of data's characteristics . The entropy coding
technique can be varied between eight different tables and a code word is included in
each line of data specifying the table in use for the current line of data.

The HORACE encoder is operated at a fixed bit rate which is selected by the user .
The encoder can be set to skip fields or frames at a fixed rate or at a variable rate
dependent upon the status on the encoder's buffers . The encoder requires on the order
of 2.2 bits per pixel for a complex picture . The HORACE specification supports black
and white video, but color can be supported by encoding the RGB components
separately. This approach can have severe bandwidth limitations when used for color
video.

The system has no provision for error correction, however digital error correction
could be added as part of the transmission link . Tests have indicated that the system
yields good performance in high BER environments without error correction . The
good BER performance is related to the fact that HORACE uses a "line-by-line"
encoding system, meaning the first word of each line is transmitted in full and
ADPCM is performed on the rest of the line . The line-by-line encoding causes bit
errors to affect only the line of data in which they occur . Thus a bit error in a frame
will only distort, at most, one line in a field of picture data . Test video indicates that
the system is useful up to bit error rates of 10E-4 at 5.0 MBPS, although several lines
of data may be distorted . In contrast, test data indicates that JPEG techniques, without
error correction, are much more susceptible to bit errors and provides little or no
information at bit error rates of 10E-4 at 5.0 MBPS with a Q-factor of 18.

The black and white HORACE encoder currently in production is less than 12 cubic
inches and weighs less than 1.0 pound . The decoder is a 5.25 inch tall 19 inch rack
mount system and requires an external bit sync to provide clock and data derived from
an FM receiver's output.

VECTOR HORACE Specification

The proposed Vector HORACE protocol is an extension of the IRIG-210 HORACE
protocol. The Vector HORACE system is meant to supplement but not replace



HORACE for telemetry, instrumentation, surveillance, and some teleconferencing
needs. The draft Vector HORACE specification, currently in process, describes an
alternative to the HORACE protocol . The system is called Vector HORACE as it is a
vector encoding system using the DCT and based on the JPEG compression technique
discussed earlier . The system allows for both lossy and lossless operation as defined
by the JPEG standard.

The Vector HORACE system's compression ratio is greater than HORACE due to the
use of JPEG vs. ADPCM . A major drawback in using the JPEG encoding process is
that it may cause objects to be moved slightly from their true positions, small objects
to blur or disappear, halos, ghosts, and other artifacts of small objects and lettering
may also appear in the vertical and horizontal directions.

The JPEG system takes longer to encode data, as data is sent in a different order than
it is received and therefore latency effects are much more of a consideration . Bit errors
have a greater effect on the performance of the Vector HORACE system than on
HORACE, as a bit slippage requires that word boundary sync be reestablished and
may distort the remainder of the picture and the next picture . The use of error
correction to rectify these problems results in reduced compression and additional
latency.

The Vector HORACE encoder can be configured to accept a standard NTSC
composite color signal or Y/C3.58 synchronous signal with negative sync . The Vector
HORACE decoder can output NTSC composite , Y/C3.58, or RGB signals with sync
on green. The protocol transmits information in rows of 8x8 pixel tiles, as JPEG
processes image data in 8x8 blocks of pixels . Vector HORACE allows transmission of
data packets between the rows of tiles similar to standard HORACE.

The JPEG compression scheme's picture files are of varying sizes depending upon the
complexity of the image being compressed . To better deal with this characteristic, the
Vector HORACE specification allows for fixed and variable modes of operation
similar to the IRIG-210 HORACE specification.

In fixed mode operation, the resolution is reduced as determined by the user until the
image files do not overload the system's buffers . In the variable mode of operation the
user fixes the data rate and the last complete picture received is displayed by the
decoder until the next complete picture is received . The variable mode of operation



may cause a loss of images, similar to frame skipping in HORACE, however the
system will not be overloaded by a given picture.

Vector HORACE can be operated at user selected data rates but the system is
typically meant for operation at 10 MBPS and below . The data rates should be
selected based on the desired picture quality taking into account the limitations of the
transmission link utilized . The standard HORACE system should be used where the
allowable data rate yields sufficient picture quality as it yields greater noise immunity,
less latency, true image position is retained, offers greater flexibility, and offers lower
cost. Vector HORACE is primarily meant for those cases where standard HORACE
will not yield sufficient image quality due to bandwidth constraints.

The Vector HORACE protocol transmits information in 8x8 pixel stripes across the
picture. Horizontal resolution can be set to 256, 320, 512, 640, 768, and 960 pixels per
horizontal line. Vertical resolution is set at 240 lines per picture . However, if vertical
resolution is critical, the two pictures which comprise a frame must be sent at the
same time. This is because objects which move between field scans cause double
images unless a shutter was used which exposed both fields at once.

Temporal resolution is set by the user as a fraction of fields or frames produced by the
video source. Vector HORACE can also reduce data rate requirements by reducing the
active image area transmitted . For example, if desired information is contained in the
center of the frame, the system can transmit only the portion of the image desired and
thereby reduce bandwidth requirements.

The Vector HORACE coding protocol uses a 16-bit fixed word length . Pixels are
represented by 16 bits, 8 for Y (luminance) and 8 bits for Cr or Cb on an alternating
basis, and the data rate can range up to 20 MBPS . A transmitted line of the protocol
consists of the Interpicture Code (a 32-bit start of picture code), the Variables Packet
which identifies settings for the transmission stripe of 8x8 blocks across the picture,
and Data Words representing the 8x8 pixel block values . The specifics of the format
are more thoroughly described in the draft Vector HORACE specification.

The Vector HORACE encoder currently in production is 94 cubic inches with a
weight of less than 4 pounds . The decoder is a 5.25 inch tall 19 inch rack mount
system. As with standard HORACE, the decoder requires an external bit sync to
supply clock and data . Test video has indicated that the Vector HORACE system is



useful up to bit error rates of 10E-5 at 5.0 MBPS and a Q-factor of 18, although
several 8x8 blocks of data may be distorted.

HORACE's Future

The HORACE system is currently in use at or on order for NAWC China Lake,
NAWC Pt. Mugu, NAWC Patuxent River, Edwards AFB, Eglin AFB, Holloman
AFB, Yuma Proving Grounds, U.S. Army Missile Command (MICOM), Aberdeen
Proving Grounds, and the Department of Justice . Its use by several locations allows
transfer of data and interoperability between government users.

Efforts are currently in process to reduce the HORACE encoder to a maximum of 4
cubic inches and the Vector HORACE encoder to a maximum of 29 cubic inches
making them more viable for applications where space constraints are critical . The
design of a color HORACE encoder based on the ADPCM technique is also in
progress, this will allow the transmission of color images without the penalties
incurred in using the JPEG based Vector HORACE system.

In the future fractals, wavelets, and other techniques will also be studied in an effort to
determine their feasibility for use in the transmission of instrumentation video.
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