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Abstract VBR video services and network performance are still open
In this paperwe describe MPEGbI, an X window based issues[5].

tool which can be used to generate an MPEGcoded bit One potential problem in M networks, caused by the bursty
stream for video sequences and to study the statistical  natyre of trafic and statistical multiplexing, is cell loss. When sev-
properties of the encoded data. Itis a very versatile tool that  eral sources transmit at their peak rates simultanedhslypufers

was designed to study the characteristics of variable bit rate  available at some switches may be inadequate causing overflow
video souces for transmission overTM® based BISDf The congestion at these switch fea$ and the subsequent drop-
The tool, which has a window based graphical user ping of cells due to overflow will most likely be the major compo-
interface7 allows a user to Specify several of the MPEG nent of cell loss in BISDN. For VBR video sources this can lead to

parameters such as the intraframe to interframe ratio, and ~ Severe degradation in service qualegpecially if cells are dis-
the quantizer scale. The tool also includes a statistical carded indiscriminately at the switch fark. Priority mechanisms

. . are important in these situations as they can be used to flag cells
package which allows the user to plot graphs of various . . S . .
IO . S N which are essential for some minimum quality of service to be
statistics including bit distributions, M cell distributions, a y

> g . . : A maintained.
time series, autocoetation functions and cell interarrival
times. The trafic characteristics of a video source are determined both by
the properties of the video sequence, i.e. dimensions, motion con-
. tent etc. and the source coding techniquéh\he widespread
1.0 Introduction acceptance of the MPEG coding standard, it is important that we
The demand for increased bandwidth to support new servicesuinderstand the basic characteristics of MPEG encoded video data

which integrate diverse media such as video, voice, graphics an@nd _its behavior in AV based BISDN. Since hardware based
text has lead to the introduction of BISDNTM, a packet MPEG coders are not available right now (only a few vendors have

switched approach based on fixed cell sizes, has been proposed Started to ship sample versions of the MPEG chip set), the only
the switching and multiplexing scheme that can provide a unified Viable method for performing MPEG coding is in software. The
transport structure for services in BISDN. Among the variety of versatility and user friendly nature of the MPES®ITcan aid the

services that will be supported by BISDN, video will be an impor- t@sk of studying issues in video transmission in BISDN.

tant component because of itsgarbandwidth utilization and its |, this paper we describe the design of the MP&GThat we are
stringent quality of service requirements. currently using for our studies of MPEG video. It consists of an
ATM based networks are especially well suited for variable bit rate MPEG encoder that encodes digital video data, and a statistics

(VBR) video transport because of their ability to allocate band- package to study the characteristics of the encoded bit stream. Our
width on demand to these services. VBR video is potentially supe-MPEGTO0I is based on the current MPEG standard. This will be

rior to constant bit rate (CBR) video since it can provide constant UPgraded to MPEG 1l once it has been released. The tool consists
image quality for all scenes, as well aficédnt bandwidth utiliza- of the following:
tion. However many aspects of the nature of the relation between 1 An X-window based graphical user interface

2. The MPEG encoder which includes:
a. Intraframe (1), Predictive (P) and Interpolative (B) frame
1. This work has been supported in part by grant NCR 90-16165 from the coding
National Science Foundation. b. Layering scheme which separates the encoded bit stream
2. Motion Picture Expert Group into a high priority (HP) and a low priority (LP) stream
3. Asynchronous Transfer Mode
4. Broadband Integrated Services Digital Network

3. AGNUPLOT based graphical statistics package.

The outline of this paper is as follows: in section 2 we present a
brief overview of the MPEG algorithm, in section 3, we describe

the MPEGTol, and in section 4, we display some of the statistical

results generated by the tool.



2.0 MPEG Coding Figure 1. Diagram of MPEG encoder

The MPEG coding algorithm was developed primarily for storage

of compressed video on digital storage media[1]. Provisions were Joraframe / Interframe
therefore made in the algorithm to enable random access, fast for|video n L
ward/reverse searches and other features when decoding from an| |, ) w Priority
digital storage media. Howevéhe coding standard is suitable for
a much wider range of video applications. Recent applications of
MPEG-like coding algorithms have appeared for a variety of video —>

- : ) : . o . h Priorit
services from multimedia workstations to high definition televi- o Frierty
sion. Motion Vector

The MPEG coding scheme utilizes one of 3 coding modes for a

frame in a video sequence; intraframe (l), predictive (P) or interpo- DCT: Discrete Cosine Transform  FM: Frame Memor
y
lative (B). Within a frame it is also possible to encode macroblocks Q: Quantizer ME: Motion Estimation
(16x16 pixel blocks made up of 4 8x8 luminance pixel blocks and PC: Priority Control VLC: Variable Length Code Generat

2 8x8 chrominance pixel blocks) in one of several modes. A hori-
zontal strip of 32 macroblocks which makes up a row in the frame

is called a slice. In the MPEG coding algorithm the slice is an 3.0 MPEGTool

important since it is the smallest unit which can be reconstructedOur tool consists of two components, an MPEG encoder and a sta-
independently at the receiver. tistics package. Since this tool has an X window based graphical

The macroblock coding modes that can be used are dependent cUser interface, itis user friendly and easy to operate.

the type of frame coding mode (I, B, or P) that is used for the cur-Figure 2 shows the data flow diagram of our tool. The encoder
rent frame. In | frames, all macroblocks are coded in intraframe reads raw digital video data from a tape device, performs the
mode using 8x8 two dimensional Discrete Cosinansform encoding and generates an encoded bit stream. Since the encoding
(DCT), and are then quantized and variable length coded. In Pprocess is performed in software and not hardware, it cannot be
frames, macroblocks can be coded with or without motion com- done in real time. For this reason, all statistics are processed and
pensation. If motion compensated mode is utilized, a motion vec-displayed once encoding is complete.

tor is obtained by minimizing the absolute blockfatiénce : :

between the current macroblock and a macroblock within the Figure 2. Flow Control diagram of MPEGTool
search window in the previous frame. The prediction error after
utilizing motion compensation is coded using the DCT and quan- [e—
tized. Both the motion vector and the quantized DCTfipoefits [0
are then variable length coded. If the prediction error is toe lar MPEGTool Parameter Input
the macroblock is coded in the intraframe mode instead. For B

frames, the coding procedure is similar to that for P frames. The / w @
major diference in B frames is that both forward and backward : :
motion vectors are allowed unlike P frames which only utilize for- _

ward motion vectors. The use of backward motion vectors in B Statistics Encoder lVideo datla
frames has some disadvantages includingetabufers at the

i ; : / A3 |
source an_d receiver and Ic_)ng(_ar processing times and therefore ma Encoded data
not be suitable for all applications. Y Y

We have enhanced the operation of the coder by adding a layerin w %

scheme, which separates the bits generated by the encoder into H
or LP bit streams. A parametf@ispecifies the number of AC coef- Display Statistics File
ficients (frequency components) in the HP strefa64 puts all
the coeficients into HPi.e. the resultant bit stream is the same as ) - - ) )
the standard MPEG bit stream). More details on the layered coder "€ t00! is versatile since it allows the user to specify several
can be obtained in [2).In Figure 1, we show a block diagram of thef S8 TS, % 12 BN T BEEREe, o e o
MPEG coder which includes the layering mechanism. I, P and B frames is defined by the two parameteandN. N
Further details of the MPEG coding algorithm can be obtained in specifies the | frame interval wherédsspecifies the | or P frame
[1] and details on the application of the MPEG algorithm to vari- interval. N must be an integer multiple df and wherN is 1, the
able bit rate video can be found in [3]. sequence contains only | framesMfis 1 andN is greater than 1,

the sequence contains | and P frames but no B framesdtials

M andbothN andM are greater than one, the sequence contains |

and B frames but no P frames. Some exampled,dflf combina-

tions and the resultant frame coding sequences are shown below.

1. N=2,M=21:011E0ETETEnend (I frames only)
N=4M=1:IPPPIPPPIPPPI (I and P frames)
N=6,M=2:IBPBPBIBPBPBI (I, P andB frames)
N=6,M=3:1BBPBBIBBPBBI (I, PandB frames)
N=6,M=6:1BBBBBIBBBBBI (Iand B frames)

a s~ wbd



In the combinations which utilize interpolative coding it should be Figure 3. MPEGTool main menu
pointed out that the order of transmission (or file storage) of frames
is not the same as that presented above. This occurs because
order to reconstruct a B frame information from both a past and a
future frame is required. The next P or | frame following the B
frame must therefore be transmitted before the B frame can be
decoded. The sequence of frame transmission for the case:
depicted above is:

1. N=2,M=2:011000000Enenl

N=4,M=1:IPPPIPPPIPPPI

MPEGTool Main Menu

2.

3. N=6,M=2:IPBPBIBPBPBIB
4 N=6,M=3:IPBBIBBPBBIBB
5. N=6,M=6:1IBBBBBIBBBBB

The two other important parameters are: the quantizer sgale,
which is specified in the MPEG coding standard and the layeringf these rules are not satisfied, an error message dialog box appears

parameter for the prioritized cod@; which specifies the number a4 control is returned to the parameter setting menu. If the param-
of AC coeficients to be placed in the HP and LP streams. gters are correct, MPEG encoding starts.

Together these four parameters characterize the MPEG coding
scheme. The encoding process generates two types of data files. A bit

31 The E d stream with the real MPEG coded video data is created and stored
: € encoaer in a file. In addition, a file containing information about both the
bits generated in each macroblock and the macroblock coding type
such as |, P or B. After encoding is complete, control returns to the
main menu.

The input image sequences that are currently supported by MPEG
Tool are CCIR 601 format (720 x 480 pixels, YUV 4:2:2: format)
and RGB format sequences. Since no standard file format defini-_ )
tions exist currently for RGB sequences, we have defined a simpleFigure 4. MPEG encoder window
file header structure similar to that pbm format image files
which contains the information that is required to encode the
image sequence. In our format, the first line contains a string of the
image format type (i.e. CCIR or RGB). For RGB format files, the
next line contains the name of the sequence and the subseque! ckin Froms Humbare
two lines contain the width followed by the height of the frames in P .
the video sequence. Following the heatler image information is l:?
stored in separate red, green and blue component blocks. Eac : Encoding Frame Munber:
component block is composed (bight x width) bit values and
each frame in a sequence contains blocks arranged in R, G and |
order For CCIR format files, no extra header information is
required since the physical properties of the image are defined ir
the standard. The video sequences can be read either from disk fil
or from a tape device.

Encode Parameter Set

Quantization Scale;

The encoder reads the digital video data, encodes it usii fihe
B andq parameters and generates a bit stream for the number o
bits produced per macroblock. Figure 3 shows the main menu win-
dow for the tool. The “INFORMAION" button will bring up a

help message for the user which describes the tool. This includesFigure 5. I/O devices configuration window

the hardware requirements for the tool, easy to follow instructions

on how to use the coder and an anonymous ftp location for theThe encoded bit stream produced by the MP&G® fully com-

source code. pliant with the MPEG standard. The video sequence can be played
i » ; back utilizing any MPEG decodéFhe encoded data file has been

Clicking "ENCODER'” at the main menu pops up the submenu tested with several public domain decoders and we have found no

shown in Figure 4 in which the MPEG parameters are set, source s ’
data file is ?:hosen and the frames to pbe encoded are identifiegcompatibility problems with any of them. It should be noted that

; P Ll » for the layered MPEG coder only the HP bit stream is fully compli-

After all the inputs have been specified, clicki®art” checks all . i X

; : ; ant with the MPEG syntax. Therefore only this part of the bit
the inputs for errors. The following evaluation rules apply for the stream can be decoded by a standard MPEG deddaeever it

arameters: ; : ; .

P is possible to decode the HP and LP bit stream together if some

1. N>0,M>0 simple changes are made in the decoders. The ability to view the
. . decoded sequence is extremely important since visual quality is the

2. N must be an integer multiple bf primary measure of system performance of interest to a user.

3. 0<B<64 3.2 Statistics

4. 0<q=32 The statistical properties of video encoded bit streams are as yet

5. Number of frames to be encoded must be an integer multiple of not well understood. Knowledge of their properties is essential for

M plus 1 determining the best strategies for allocating resources in BISDN



Dlevice Configuration

Format.:
# RGD
W CCIR

Input Device:
# Disk

& Tape

Filenames | starwars,

Output Device:

! r Disk

# Tape

Filename | Adew/ratl

networks. It is essential that we understand the statistical propertie:
of packet video streams if we are to design BISDN networks that
handle heterogeneous fiaf Therefore an important component of
our tool is the statistics package.

Once encoding is complete, the resulting videditraiin be stud-

ied with the statistics menu. Clickin@TATISTICS” at the main
menu displays a file selection submenu (Figure 4) from which
MPEG encoded video data files can be selected. When a file ha
been chosen, the statistics definition window (Figure 5) appears
from which the statistical properties which need to be analyzed can
be chosen. Each choice analyzes the encoded video data at eith
the bit or the &AM cell level and is calculated on a frame, slice or
macroblock basis. The following four statistical properties can be
analyzed with the MPEGTool;

Figure 6. File Selection Menu

Filter
Shome2/ turabedmpeg/K_HPEG %

Directori Files

star b, ndm2gqdbd, 2, dat.,
starwars_rob, 5502, ndm2qdbd, 2, dat., 0,
starwars_rob, 5502, ndm2qdbd, 2, dat., 0,
starwars_rob, 5502, ndm2qdbd, 2, dat., 0,
starwars_rob, 5502, ndm2qdbd, 2, dat., 0,
starwars_rgb, 5526, ndm2qdbd 2, dat., 1

starwars_rgh,5500,ndm2qdbd, 2, dat., 2
starwars_rgh,5574 ,ndm2qdbd, 2, dat., 3

Selection

| /mpea/¥_MPEG/ starwars_rgb, 5502, ndm2q4bd, 2, dat., 0

Filter Cancel

Figure 7. Statistics Definition Window

MPEG Statistice Parameter Selection

Tata file name

starwars_rgb 5502, ninlqdbd . 2. dat 0

& BIT # Frane

4 aTH

Ele GrHP LP <rSum

4 Slice

& Distribution 4 Autocorrelation

& Hacroblock

# Ceneration Record < Interarrival Time

Start frame number | 5500 Number of franes J
{ Makegraph i

Return_to_menu

Distribution - This option plots the distribution of bits oFV
cells per frame or slice. The distribution of cells per frame is an
important statistic for video transmission in networks. The dis-
tribution function for a source can be used to determine the
number of identical, independent sources that can be accom-
modated on a given network link for a given cell loss rate.

Generation Record - This option plots the generation of the
encoded data stream in time. The generation of either bits or
ATM cells can be studied per frame, slice, or macroblock. The
generation of bits per frame is simple and is calculated directly
by summing the bits of the 960 macroblocks which constitute
the frame. The bit generation per slice is calculated similarly
by summing the bits of the 32 macroblocks that make up a
slice. The total cell arrivals per frame is obtained by first deter-
mining the number of bits per frame and then converting this to
the equivalent number of ATM cells with a payload of 44
bytes. Similarly, the total number of cell arrivals per slice is
calculated by first determining the bits generated per slice and
then converting this to the equivalent number of ATM cells.
These records can be stored in files and can be used in trace
driven simulations to determine performance of real video
sources.

Autocorrelation - This option plots the autocorrelation function
of the number of bits or ATM cells generated for both frames
and slices. The normalized sample autocorrelation function,
R(n),of a functionx is calculated using,

-1 g

R(n) R(0)

1 N
N Z (Xk_“x) (Xn+k—ux)}
k=0

whereyp, is mean ok. This function provides a measure of the
correlation between any two points of the functiomith a
separation ofi time units. This measure is useful in character-
izing the video source for modelling purposes. The degree of
correlation can also have a significant impact on the perfor-
mance of video sources in networks.

Interarrival Time - This option plots the time elapsed in
between arrivals of BM packets within a frame. The interar-
rival times are calculated from the bits generated per macrob-
lock within a frame. This interarrival time is normalized to
units of X seconds (where X will depend on the hardware
implementation of the coder). We assume a simple packetiza-
tion procedure for the source. Cells are formed when the sum



of bits generated by successive macroblocks is greater than or The autocorrelation function for a 600 frame sequence of an N=1,
equal to the size of an ATM cell. It is assumed that bits gener- M=1 coder is shown in Figure 15. The autocorrelation function can
ated for a frame will not be combined with the bits generated be used both qualitatively and quantitatively to describe the bit and
from the next frame. cell generation process for a video codére autocorrelation func-

F h istic. th has th . f o ii tion for this coder monotonically decreases except for a peak at 60
or each stafistic, the user has the option of specifying a speci '%rames. In general, the correlation stays fairly high for frame lags

rarr:_gﬁ tcr)1f datal(star_t f:arr;)e gumbe\;\/ﬁnd number of frar_?_es%_ 0V‘i'as lage as 100 frames. The autocorrelation function is also utilized
which the analysis 1S 10 be done. YVhen no rangeé speciiicalion 1%, qetermine the cofidients for autoregressive models for video

made, the tool automatically selects a range which displays all thég, rcos These models are useful to characterize video sources for
encoded data. The displayed graph can be sent to a laser printer ‘hetwork simulation

be stored as postscript files.
5.0 Summary

4.0 Results

. . - We have described an X windows based MPEG encoder and statis-
In this section we present some of the statistics generated by thyjoo| analysis tool, with which the characteristics of VBR MPEG
M.PEGTOOI' The \f/ldeo Eequen_cset us\?\i tc3 t_?ﬁt the coder was a “ideo data can be easily studied. The tool consists of two basic
minute segment from the moviGtar Wars'. The sequence Was o mnonents: an MPEG encoder and a statistical package. The tool
digitized into RGB images from a laserdisc which has a resolution can read input video sequences in Zedént formats, CCIR and
gl_o_sg tg fNTSC br%zic;cisstoqu_alllﬂjh_?_hspatlal dimensions ofdthg .RGB, from either a file on disk or a tape device. Both the actual bit
l.'g't'ze rames Ii?\l M X é"xe s. 1he sequegce Wasl encoded Uligyaam for the video sequence as well as statistics for the encoded
zing a l\l/arleté/ ofN, M, g andp parameters and sample statistics ija sequence can be obtained form the tool. The bit stream can
were collected. be played back by any MPEG compliant decoder (many of which
Figure 8 and Figure 9 show the generation of bits per frame for twoare available as public domain tools alsop Méve presented an
different encoding sequences. The first sequence is IBPBIBPB..assortment of results which can be obtained from encoding a video
(N=4, M=2) and uses the interpolative encoding mode while the Sequence and examining the associated statistics.

second sequence is IPPPIPRR=4, M=1) and uses the predictive ¢ 440 is available for public use and information on the tool can

encoding mode. In each of these sequences we utilized a value ¢, jhtained by sending e-mail to mpegtool@ee.upenn.edu
g=4 andB=4. The X axis and Y axis show respectively the frame y 9 pegtool@ee.upenn.edu.

number and the number of bits generated in each frame. The grap
shows the number of bits generated in the HP and LP bit streams.

_ _ _ References
From Figure 8, we can observe that interpolative coded frames ) ) )
achieve the highest compression ratios. Howewith N=4 we [1] D. Le Gall. MPEG: A video compression standard for multime-
notice that the mean bit rate for the first and second sequences adia applications Communications of the ACM, 34(4):305-313,
not very diferent. Since the bit rate is predominantly composed of April 1991.

| frames for this case, there is little advantage in utilizing interpola- [2] P. Pancha and M. El Zarki. Prioritizedahsmission of friable
tive coding to increase the compression ratio. Bit Rate MPEG Weo, Proceedings of GLOBECOM ‘92, Decem-

Figure 10 shows the generation of M cells per slice foN=4, ber 1992.

M=2, q;4 andp=A. Thishgraphkshpwi the ﬁ“m OTNT. cells inhthe [3] P. Pancha and M. EI Zarki. A look at the MPEG video coding
HP and LP streams. The peaks in the cells per slice graph occur éganqarq for variable bit rate video transmission, Proceedings of
intervals of approximately 30 slices. These regular peaks are &\rocoMm ‘92 May 1992.

result of the high temporal correlation between slices in adjacent

frames. These correlated bursts that occur at the slice level cal4] Dan Heller Motif Programming Manual, O'Reilly & Associ-

cause losses at the cell level in network switching elements. This icates, Inc., 1991

the reason why it is important to perform some smoothing within a . .

frame at the encoder before cells are transmitted to the network. 2] YQ Zhang., WW. WU, K.S. Kim, R.L. E|ckholtz, and J.
RamasastryVariable Bit Rate Weo Transmission in the Broad-

Figure 1 and Figure 12 show the distribution of M cells per band ISDN Environment. Proceedings of the IEEE, 79(2):214-221,
slice for =4 andp=16 respectively and witN=4, M=2 andg=4. February 1991.

Since a lager value puts more bits into the HP stream, the num-

ber of A'M cells shifts to the right for the HP stream and shifts to

the left for the LP stream.

In packet switched networks where congestion occurs in the net-
work, B can be utilized to ensure that the source and the receiver dc
not lose synchronization. Congestion feedback information from
the network can be utilized by the coder to ensure that HP cells are
not lost. This layered approach also results in the best visual qual-
ity since the most important information, DC daménts and
motion vectors, will never be lost.

Figure 13 and Figure 14 show the interarrival time ©MAcells

for M=4, N=2, =4 and two diferent quantization scales-4 and
g=16. The generation interval ofTM cells becomes longer for
larger values of| as the encoder generates fewer bits (lower image
resolution). For coders which do not utilize any outpufdrirfg,

the interarrival times can be used in modeling the arrival process tc
the network at the cell level.



e 8. Bit generation per frame (N=4, M=2, q=43=4)

e 11. ATM cells/slice distribution (N=4,M=2,0=43=4)

PEG STATISTICS!

GRAPH OF BITS PER FRAME
0000 T T T T
HP 1 Mean = 55452 ; Std, Dev, = 12838 1 Max, = 87187 HP —
LP 1 Mean = 44576 ; Std, Dev, = 8452 1 Max, = 67276 LP
80000
70000
Bits
BOOOO
SO0
40000
30000 L L L L
0 5 10 15 20 25
Frame

DISTRIBUTION OF ATH CELLS PER SLICE
0.5 . . . . .
HP ; Meanm = 4,75 3 Std, Dev, = 1,43 1 Max, = 10 HP —

0.45 LP Hitlean = 3,73 1 Std, Dev, = 1,77 : Max, = 18 i

0.4

0,35

0.3
Probabilit
rebab b

0.2

0,15

01

0,05

0 . 1 1 1 1 1
0 2 4 5 8 10 12 14
ATH CELLS PER SLICE

e 9. Bit generation per frame (N=4,M=1,0=4=4)

e 12. ATM cells/slice distribution (N=4,M=2,q=43=16)
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e 10. ATM cell generation per slice (N=4,M=2,q=874)

e 13. Interarrival time of ATM cells (N=4,M=2,q=43=4)
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e 14 Interarrival time of ATM cells (N=4,M=2,q=16,3=4)
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e 15. Autocorrelation function (N=1,M=1,q=43=16)
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