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Abstract. This letter presents a real-time lossless compression/decompression unit for disparity map information
used in 3D teleconferencing systems. A lossless compression algorithm is used to compress the disparity map data in
real-time, resulting in a variable bit-rate data stream that has to be transmitted through a constant bit-rate channel. The
system uses a controlled-data-loss method for data rate adaptation and for minimizing the loss of information.

1 INTRODUCTION disparity stream: a left-to-right (& R) vector field and a

. . right-to-left (R— L) vector field. The disparity estimator

The new generation of 3D telepresence videoconfer: : . .

. ; . : implements a hierarchical block-matching scheme de-

encing systems aims to provide the user with an enhanced. : : . )
scribed in [2]. In order to reduce its complexity, the dis-

illusion of true contact. The goal is to achieve a true_ . . e
telepresence illusion for remote partners, while achievirParlty estimator was optimized for head and shoulder
' Lenes with a uniform background. Both vector fields

efficient utilization of the transmission channel. To . . . .
: L : contain approximately the same information and are
achieve the telepresence illusion, remote views at arbi- ) .
ighly redundant, thus the disparity vectors are trans-

stereoscopic camera with a large baseline. The actt%:ﬂede;z;g:rm maps [2], [3] and compressed by the dis-
viewpoint is adapted, according to the head position of he" "y '

viewer, in such a way that the impression of motion par-

allax is produced. This involves the use of disparity in- Legtiq\;':fo L MPEG-2 | L

formation. In order to reduce the complexity of the re- Right Video " Encoder | ]

ceiver, the disparity data are produced at the transmitter Signal R | & | [MPEG-2|R

and transmitted to the receiver. An example of such a E Encoder . C:;n“:']el

system was developed in the framework of PANORAMA | L picoain | | S | [Disparity Interface

[1], where an ATM CBR channel is used as the commu- Estimator | | & || Encoder | |

nication link. The whole system, shown in Figure 1, con-  aygio signal Audio

sists of a disparity estimator, a synchronizer, a stereo- [ pPEC-2

scopic MPEG2 encoder, a disparity encoder and a multi- Head

plexer on the transmitter side and a demultiplexer, a dis- POSL“O”

parity decoder, a MPEG2 decoder, an interpolator withteft Video MPEG-2]| L

viewpoint adaptation and an autostereoscopic display ag>onel v | Decoder [

the receiver side. This letter describes the units that SURgnt video In\}ferwsg:;i:e . [MPEG-2| R |

port the transmission of the disparity stream. Signal R caiculation Decoder ATM
The disparity stream comprises of disparity maps, pro- Dispariy |, | DMV Channel

duced after processing two synchronous video streams | Decoder [

taken by two cameras. The disparity estimator, which Audio Signal Rudio

generates two unidirectional vector fields, produces the * g:chi;ezr N

" This work was financially supported by the European Union in the Figure 1: The 3D-transmission chain.

framework of the ACTS Project ACO9Panorama
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When teleconferencing scenes are involved, vect ime

from both vector maps are used according to their pc > Disparity Encoder input
tion. Simulations showed that -RL disparities point Disparity Disparity Dispari Disparity Disparity
. . . Map N-1 Map N Isparity Map N+2 Map N+3
more reliably in left occlusions (parts of the scene pres (© Map N+1
. . i » ) . ompressed (Campressed (R Ied) (Compresssd (Compressed
Only n the |eft-VIeW |mage), Wh'le R) L dISpal‘ItleS pl‘O- S/ze<$/ar5!ze) Slze>$/0t$/ze) eee Size < Slot SIZE) Size < Slot Slzs)
duce better image quality in right occlusions (parts of t
scene present only in the right-view image) [2]. Therefc  output
vectors from the right-to-left map are used for the left pi .
i ) ompressed Compressed Compressed Compressed
of the image, and vice versa. For other scenes, one of Map N-2 Map N-1 Map N 7
two disparity maps is used. On the receiver side, 1 M CER
stereoscopic image is produced by the intermediate vi¢ " annel Padding

point calculation unit [1], [2] and presented to an “aut
stereoscopic display”. Detailed description of this tran
formation is given in [3].

The encoder uses lossless encoding techniques, wl
achieve a smaller compression rate without introducinghm, and also allows progressive degradation of the
errors that result to incorrect 3D-impreSSi0n [4] Such a&epth impression_ When map rejections occur, the dispar-
gorithms have the disadvantage that the bit-rate produc@@dmap prior to the rejected map is reused. All parts of the
VarieS according to the StatistiCS Of the input data Streaféconstructed Stereoscopic image have Va”d d|Spar|ty
In this letter we describe a simple method of confiningata, either synchronized with the video data or delayed

Figure 2: Control of data rate using the Controlled Data Loss
(CDL) method.

this data rate to the allocated channel bit-rate. by 40 msec. In teleconferencing situations, the subjects
are not expected to move very suddenly, but even if they
2 SYSTEM DESCRIPTION do, the errors caused by using a disparity map delayed by

_ o 40 ms in relation to the image data are barely noticeable
The function of the encoder unit is to compress th@ the interpolated stereoscopic image.

disparity data stream losslessly and transmit it over a con- The disparity encoder and decoder units use unidirec-
stant bit-rate transmission link. After evaluating the pekignal synchronous interfaces for input and output. The
formance of various lossless compression algorithms, Weyut interface of the encoder unit and the output interface
decided to use a Lempel-Ziv encoder-decoder [5] and ¢ the decoder unit conform to the CCIR (now ITU-R)
use a hardware architecture based on re-programmag(g| /656 standards [6]. The CCIR 601 standard describes
logic that could also implement other algorithms thahe digital coding of color video signals for systems where
could augment the compression efficiency. the sampling rate for the luminance and the two color-
In the absence of extensive studies on the effect gfiference signals are related by the ratios 4:4:4 and 4:2:2.
disparity map errors on image quality, a method callefhe CCIR 656 describes the means of interconnecting
Controlled Data Loss (CDL) was chosen to bind the ougigital television equipment complying with 4:2:2 encod-
put bit-rate to a threshold value during decreased cOfgy parameters. It supports either an 8-bit parallel inter-
pression. This method is shown graphically in Figure Zace, which is used in our case, or a bit-serial interface.
Disparity data are organized into disparity maps that cothe standards divide the data streams into logical entities
respond to disparity data generated every 40ms (vidgglled video data blocks. These data blocks are delineated
frame rate). In CDL, the compression ratio is evaluated @y two timing reference signals: the start of active video
a map-to-map basis. If the size of a compressed map&av) and end of active video (EAV) which are used to
larger than its original size, then this map is transmitteglnchronize the disparity maps with the video data. The
uncompressed, otherwise the compressed map is trafigerface is clocked at 27 MHz and the bit-rate of the valid
mitted. The ATM CBR channel is divided into fixed-sizedisparity map is 5.184 Mbps.
time slots and each compressed disparity map is allocated The output interface of the encoder unit and the input
to a time slot. In some cases, the time slots cannot caffyerface of the decoder unit use a synchronous interface
whole compressed disparity maps, so transmission contr transfer the compressed disparity bit-stream to/from an
nues into the next time slot. Meanwhile the next map j&TM multiplexing/demultiplexing unit. The interface is
not transmitted. At the decoder side, the previously retocked at 13.5 MHz derived from the CCIR 601/656 in-
ceived map replaces a rejected map. In slow moviRgrface. The output data are organized into equally spaced,
scenes, like those that occur in teleconferencing appliGed-size blocks, called ATM blocks. Each block occu-
tions, spatial characteristics are retained at the expensesffs a time slot. Each block contains a header with infor-
some temporal flicker. mation on the size of its payload and its status. The header
The CDL method was chosen since it allows a simpig protected using a CRC byte, by also implementing a
implementation, independent of the compression alg@mgle bit error correction function [8]. Padding bytes are
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used to keep the size of the block constant. The CE Compression Unit
channel allocated for the disparity data has a fixed bit-re ., | Output

of between 2.7 and 4 Mbps, which is determined durir '”‘e:A”ace‘ nﬁ’;;P;fl‘)‘uV[ Compression — e 1'”“9”“9[
the call set-up. In all cases, the rate of the ATM blocks 1’| (DDRM) (cm) CL

set to 25 blocks/sec, thus having 40-msec inter-blos output put
ftime. (;onstant delay _between vide.o and disparity strga Interface | Disparity Decompression pata | | Interface
is achieved by bounding the delay introduced by the vid —— ’“‘;gg#‘x‘ (— M(oDdA;;e (— D(e[;rDaFmr)er

and disparity encoder/decoder units and multiplexing t 3 |

data into one ATM CBR transport stream. Decompression Unit (@)

I User I/O

3 SYSTEM ANALYSIS ceir I o
After outlining the requirements of the disparity en e Zin f

coder and decoder units, we proceeded in decompos + 3 Data

the functionality into various modules, as they are shov FIFO ) Dce‘;g‘g;efesszgr = = Framer]

in Figure 3. The disparity encoder unit is decomposed in L5

the Disparity Data Reception Module, the Compressic < @

Module and the Data Framer. The Disparity Data Rece ) @ )

tion Module (DDRM) filters the disparity data from the s iz

CCIR 601/656 standard input bit-stream and transfers t (®)

data to the compression module. The Compression Mc

ule (CM) undertakes the compression of the disparity d¢  Figure 3: The flow of data through the compression and de-
using the lossless algorithm. The Data Framer (DFr) ir compression units and the resulting hardware architecture.

plements the mapping of the variable bit-rate compress,a,.t o th . . Th .
output to the constant bit-rate transmission channel. ata to the compression engine. € microprocessor

The disparity decoder unit is decomposed into thgeasures the compression ratio and transfers this

. JInformation to the CDL data framer.
Data Deframer, the Decompression Module and the Dis- The CDL data framer controls the flow of disparity

parity Data Transmission Module. The Data Deframeé

(DDFr) extracts the compressed data and transfers them ??ta to the ATM channel ‘?‘CC°F0"”9 to _the compression
: : rate. It encapsulates the disparity data into ATM blocks
the decompression module. The Decompression Module

(DM) decompresses and produces the original disparf’fmd controls the output timing of these blocks according
: . : e ¥ the programmed delay. The CDL logic can be in either

data, while the Disparity Data Transmission MOdUI%f two states, an uncompressed map transmission state

(DDTM) encapsulates the data as a CCIR 601/656 stan- ' P cd map . )

dard bit-stream and a compressed map transmlssmn.state. Disparity maps
In order to .outline the logical relationships betweef - compressed and stored temporarily. The compression

the functions that comprise the encoder and decoder uni ste’ in conjunction with the state of the CDL logic at the

we used the object-modeling-technique (OMT) [8]. W réwoqs ATM block transml_ssmn, controls the typg of
. : o ransmission for the current time slot. Compressed dispar-
derived a static description of the system, as shown in . - i
'% maps, which do not fit in a time slot, are fragmented

Figure 4. Both units share a dat_a—path e_mrch|te<_:ture W.h%etween two ATM blocks in order to bound the disparity
the data passes through the various logical objects with,a

. : : . ata rate and to reduce the artifacts in the reconstructed
microprocessor having the operational overview of ea

unit. These object models form the blueprint for the hard- Image.

. . . . The aim of the decoder unit is to reverse the compres-
ware architecture. Some logical objects correspond ds'i'on process and produce the initial disparity map. When
rectly to hardware devices, such as the microprocessg{é CDL data deframer inouts a block from the AT.M de-
while others describe the required functionality. P

In more detail, the CCIR interface hardware, in conmligflsa(f?gr it decodes the header and stores the payload

junction with the FIFO, enables the transfer of data be- The header provides information on the status of the

tween the CCIR interface and the compres- SR o
: ) . . ayload, i.e., if it is compressed or uncompressed and if it
sion/decompression engine. The microprocessor carries’ . . . ; .
. . _contains a whole disparity map or part of it. If the payload
out control functions and allows user access to various . .

. : contains compressed data, these are decompressed and
parameters and status information.

ttored in a FIFO. After a predefined delay, the output in-

.S

In the encoder, the transfer of each map to the inplU . . .
interface takes place during the time between the CC rface retrlle\_/es th'e unf ormatted disparity map and out-
ts the original disparity map encapsulated in a CCIR

end-of-active-video (EAV) messages. The CCIR interfade! .
uses the EAV message to produce a synchronizati@ﬂlle% video data block. _If _the map was fragmented
signal for the data framer and passes the disparity m3ptween two ATM blocks, it is reassembled. An auto-
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Figure 4. Object model diagrams of encoder and decoder units

matic delay control module is used so that the synchrtitroughput, augmented by FPGAs. Compression rates on
nizer is constantly fed with uncompressed disparity mapest sequences ranged from 45% to 75%. This translates to
The CDL data deframer synchronizes the CCIR interfaadfective bit-rates in the range of 1.5 Mbps to 3 Mbps.
at constant intervals. The introduced delay is set to mofée various state machines have been implemented using
than 80ms, due to the fact that an uncompressed map raagombination of FPGAs, FIFOs and SRAMs. The block
occupy two incoming slots and thus requires 80 ms to rdiagram of the encoder and decoder units is shown in Fig-
assemble. ure 3. The delay introduced is programmable and ranges

The decoder includes two error detection mechanismsetween 170 msec and 1 sec, both units inclusive. This
header error detection and payload data error detectidnigh delay is required for delay matching with commer-
The data deframer checks for errors in the header whially available MPEG2 codecs.
the decompression engine checks for erroneous codeWe have built and tested two fully operational units,
words. Errors in the received bit-stream do not allow th@n encoder unit and a decoder unit, for the needs of the
successful decoding of the compressed information. TH8J ACTS AC92 PANORAMA project. Preliminary tests
situation is handled by resetting the compression processre carried out in the beginning of 1998 in Berlin, Ger-
periodically. During the study of the behavior of the commany, on the system chain excluding the ATM connection
pression algorithm on test data, we found that resetting teguipment, the video codecs and the input cameras, while
dictionary of the LZ algorithm on every map boundarghe system chain was successfully demonstrated in Octo-
does not degrade the compression rate significantly. THier 1998 in Berlin, Germany in a teleconferencing setup.
allows us to restart the compression process at the beduring these tests, the encoder achieved a compression
ning of each map and thus decode a map without using tlage of between 45% and 70%, so a 3 Mbps channel was
dictionary altered by the previous one. sufficient for the lossless transmission of the disparity
data. When less channel capacity was allocated (2.7
Mbps), the CDL mechanism didn’t introduce noticeable
errors.

The final system was designed in order to take advan-
fcage of available compression solutions with the erX|b|I5 CONCLUSIONS
ity of reprogrammability in both hardware and software:
Thus keeping in line with the various simulations on ex- In this letter we have presented the design and archi-
isting disparity maps we decided to use an ASIC compretecture of lossless compression and decompression units,
sor implementing the high speed lossless dictionary-baseabable of compressing disparity data for videoconfer-
(LZ78) algorithm with a 2.5 Mbytes/sec maximumencing applications. The encoder unit is capable of com-

4 EXPERIMENTAL RESULTS
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parameter when synchronization with video bit-streams i8] Andre Redert, Emile Hendriks. Disparity map coding for
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that it can match the delay introduced by MPEG2 video SPIE conference on Visual Communications and Image
codecs. The decoder unit reproduces the original signal Processing (VCIR)Pages 369-379, 1997.
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