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From:

CCITT SGXV

Working Party XV/1
Specialists Group on Coding
for Visual Telephony

January, 1988

To: Respondents on Designs for DCT Chips

Thank you for your submissions and revisions on DCT and inverse DCT chip
design information. We are endeavoring to design our videoconferencing codec
and to specify requirements for transforms in such a way that all of your chips
will be suitable for this application. However, we cannot at this time guarantee
it.

Thus, there are several points that need some further study and clarification.’
In particular, we would like to run your 8 x 8 inverse DCT (12 bits in, 9 bits
out, 2's complement signed) in our video codec computer simulations.
Therefore, could you send computer source code that duplicates the digital
input-output behavior of your § x 8 separable, inverse DCT chip? We would
need this within two weeks to meet our very stringent deadlines. Could vou
send the code via PC floppy. 9-track mag tape or electronic mail to

Barry G. Haskell

Recom 1C-338

ATET Bell Laberatories

[Holmdel, NJ 07733

Tel: 201-949-5459

Fax: 201-9149-30697

E-Mail Address: ucbvax!vax133'bgh

He will then distribute the software to those with video codec simulation
capability so that we can adjust our codec parameters accordingly. Thank you
in advance for your cooperation.

On a related topic...\Would you be willing to participate in a standards setting
procedure for DCT/IDCT chips for more general application. including till-
image data compression. medical imaging, aerial photography, ete. \We may be
able to organize something through the IEEE Standards Committee. If so.
please let Barry Haskell know.
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TO: Dr. Barry_ Haskell _ Fax: +1 281 949 6172
ATET Bell Labs ™~ /3697
Room 4C 538

Crawforde Corner Roed
Homdel, New Jersey ©7733

FROM: David Hein Phone: +1 408 435 3000
Compression Labs, Inc. Pax: +1 408 922 5429
2860 Junction Avenue Telex: 171619

San Jose, CA 95134

DATE: February 19, 1988

Dear Barry:

You will £ind attached the results of the IDCT mismatch experiment
run ait 320 Kbps, Also attached is 2 possible candidate for the
tes: vectors to be used for testing the various IDCT algorithms.
Figure 1 shows the coding perfzrnesnce of RM4 as a func ien of
refresh pericd and mismatch error. The figure gives the esults
fer beth 320 Kbps and 768 Kbps. The 768 Kbps results were also

~iven in the CCITT doscument 2281, axeluding the. =10 casa.

The fclleowing conclusions can be Srawn frcm

Figure 1:
1. The relative lozs in guali<ty {s crezter for 768 Kbgs than
it is for 322 Rbps. For the case where N=12, <here is a
1.4 €2 lcss fcr 768 Xbps, and 2 €.3 &S 1lc3s for 328 Xbps,
2., The cptimum refresh pericd is shorter for 768 Xbps than
Zor 320 KXbps. When N=12 the optimum refresh pericd is
around 4.5 seconds for 768 Rbps, versus 8 seccnds fer 3220
Kbps.

3. The coding performance is more sensitive to the refresh
peried for 320 Kbps than it is fcr 768 Kbps. With a
MME=Q and a2 refresh period of 2 seconds there is & 9.5 &B

loss at 768 Kbps versus a 0.% d2 loss at 320 Kbps.
Based cn the abeve conclusions it would =seem that the standard
could allow fer the refresh pericd to be a function of rata,

lcnger for low rates and sherter for high rates. This precoably
ccmdlicates thincs a bit tse much hewever, I would be mere
irclined to retsin the regquirement thaz was put forth in dJdccument
§221, In decument #2281 the refresh pericd 1s Cefined in terms of
acwual ccded freme= instead ¢4 abeczlute time. In a sgimple
imzlemerntztion the refrash pericd would be €1 divided by the Zrsrne
rzuz. At very hich chanmmel razes, suc- as 1.536 or 1,920 Mbrs.
-2 22fec will oreczilyv ven at 30 frimis ger seccond, a2nd therafczre
s-: raftzon cer-oof will o zs D osezcotic ZcweverT, 21 24 ToosE coiscs



will probably be operating at 15 frames per second, and have a 4
second refresh period. 1If the Nx384 algorithm is applied at 64
Kbps, the codec will probably have to operate at 10 frames per
second or less. The refresh period would be greater than 6
seconda. i

In addition, the proposal in document #281 relaxes the refresh
requirement €for the wuncoded .  blocks, since these blocks de not
contribute to the mismatch error. 1In theory, 2 fixed block never
requires refresh. In pratice some refresh is required to handle
transmission errors. By relaxing the refresh requirements feor
fixed blocks we have helped the low channel rate even more, since
there will be a2 greater percentage ¢f fixed blocks at low channel
rates than at the higher rates.

Taking & second look at the curves in Figure 1, it seems that the

refresh requirement could be relaxed to 120 frames, 8 seconds at
15 frames per second, without very much loss i{n performance. For
low MME ecaoes there is actually on increese {in performance.

Now on the subject of the IDCT test vectors, Table 1 shows my
initial cut at éefining the test vectors. As I mentioned over the
phene, these were derived by taking a 22x32 wvindnu nut nf Ana nf
the £fremes frecm the  Salesman secuence. The first 16 blocks in
Table 1 were generated by breaking the 32x32 dimage up into 116
Blecks, tzaking the FDCT, and rounding to 12 bits. Blarks 17 ta 32
were cenerazted by taking the {rame Cifference cf the 22232 {ma¢s
wish the next frame and then preoducing the 12 blt coefficlients zs

Gegcribad fcr the first 16 blccks.

I hzve cenevrated MMI's based on these teat vectcrs anc gof results
similar tec thcae ctbtainad with & randem number generatcor.
Thusr2ficre, rather than prcroosing tha ta2est vecters in Table 1, =2
weuld prepcse the f2)llewling meihed for cenevating the o test
vIcTsroa.
1. A psuecdo~randen nunbkar ceneratcr 1s umed tz generats
epproximately uniformly diestributad, unccrrelated 9 bit

ntnmbers,

2. The DCT coef
a

cients are prcduced by performing & forward
DPCT using b

¢
22 bit floating point implementation.
2, The cogfficients are rounded to 12 bits.

Rardem number gonerators can be well defined and I would suggest
using one based on the 1linear congrvential method, which i
defined asn:

Values c¢f A=€5E532, C=C, D=2**232 and N(1)=2222Q are vazed in the
waell Ynewn  RANIU  funmctien. I have usad wvalues ef L=21677,
C=22227, Dw2**lZ and X(1)=31415.,



If this is mcceptable then the problem of defining the MME arises.
The MME as defined {n document #281 i{s simply the MSE of the ¢ bit
results produced by the baseline IDCT and the target IDCT. Two
other potential measures could be the maximum absolute error and
the mean error.

My feeling at this point is that there should be 5 parameters that
. are measured, Based on these measurements, the standard could
then specify limits on one or more of the measurments. I suggest
that the following parameters be measured:

1. The MSE averaged over all pixels.

2. The maximum MSE, which 1is computed by measuring the
individual MSEs for each of the 64 pixels, ang selecting
the largest MSE.

3. The mean error averaged over all the pixels.

4. The maximum mean error, which is cemputed by measuring

the indivi&uazl means for each of the 64 pixels, and
selecting the one with the largest absoclute value,

5. The maximum absolute error.
I weuld suggest using a 32 bit floating-point dImplementation cf

“he IDCT? as the baseline, {nstcad cf£ the one I prcposed in
cccument #281.
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From: Barry G. Haskell
AT&T Bell Labs
Holmdel, NJ 07733

USA

phone: +1 201 949 5459
fax: +1 201 949 3697.

To: Mr. T. Koga
Second Development Department
Transmission Division
NEC Cporporation
1753, Shimonumabe, Nakahara-ku
Kawasaki City 213 JAPAN

phone: +81 44 433 1111
fax: +81 44 433 5214

Dear Mr. Koga,

Recall our lengthy discussions on the problem of mismatch between the
coder and decoder inverse transform. You said you might be able to
carry out some mismatch experiments on the flexible hardware. In
particular, the deccder inverse transform coefficients could be
altered or truncated somewhat to simulate a mismatch. Then the
effect on picture quality of various refresh rates could be studied.

mave you keen able to make any progress on this problem? We would
cnly need te know wnat you cid to the inverse transform coefficients
and what refresh rate you needed to maintain cocd picture quality.

we cculd then ccomrute the Mean Scuare Mismatch error using rancdem data
and srecify the allowanle MME for 384 kbs.

I have talked with David Hein, and his preliminary results are
enccuraging. Some mismatch at 384 kbs seems allowable, as long as
refresh occurs at a reasonable rate. However, it would be much more
satisfactory to have some real-time hardware results to back it up.
Cperation at 64 kbs seems to be no problem.

I await your reply, and thank you in advance.

Sincerely.

Barry Haskell
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To Mr. B.G. Haskell .  Phone +1 201 949 5459
AT&T Bell Labs Fax___+1 201 949 8697
Holmdel,NJ 07733 e

From Toshio Koga (22-3130) - Phone +81 44 433 1111 Ex 3134
Second Development Department Fax +81 .44 433 5214
Transmission Division :

NEC Corporation - . '
1753 Shimonumabe,Nakahara—ku
Kawasaki City 213

.' - Twe
Subject IDCT Mismatch Problem (&x=== pages including _this.)
Date March 1, 1888

Dear Mr. Haskell: R

Thank you for your facsimile letter on the problem of
mismatch between the coder and decoder inverse transform.

Using our Flexjble Hardware, we observed reproduced sequences
when the accuracy of IDCT in the 'decoder loop was changed.

A< ceaen from the attached bit diagram, truncation at C) (2%%x-5) ,
(2%xx-4), .and (Q) (2%%~-1) was <carried out. The first two

approximations were ~made to the out put daté between the first
and the second 1D=IDCT. According to the <current Flexible
Hardware specification, it has a 16-bit(11.5) accuracy.
Truncation at 2x%-5((@)) hardly produces visible degradation
for teleconference video sequences even ten seconds after _the
truncation gets started. Although truncation at 2%%x-4( () )
affects picture quality about several seconds after, rounding at
2%%~-4 will produce no visible distortion within ten seconds

according to our previous simulation work. Rounding at 2%%—4 will
be simulated soon to make it sure. Truncation at 2%%- l(kj) gives

no good result.

In this experiment, we did not change matrix element values,
since they do not affect th: experimental results as long as
their accuracy is higher than, for instance, 12 bits (currently
16 bits)

At the moment, the experimenta) results give us 2 feeling
that truncaticn at 2%%-Z for the output data from the first IDCT
or {ts equivalent approximation accuracy by some IDCT algorithms
other than the matrix approach will be possible, and in addition
rounding gives a better result.

Refresh cycle may be about ten seconds or longer.

Note : Approximation should carefully be made to sequences with
highly saturated color, for instance, Color Bar. '
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From: Barry G. Haskell
AT&T Bell Labs
Holmdel, NJ 07733

USA

phone: +1 201 949 5459
fax: +1 201 949 3697

To: Mr. T. Koga
Second Development Department
Transmission Division B
NEC Cporporation
1753, Shimonumabe, Nakahara-ku
Kawasaki City 213 JAPAN

phone: +81 44 433 1111
fax: +81 44 433 5214

Déar Mr. Koga,

Thank you  for your results on mismatch experiments.

We did corresponding computer simulation noise measurements using
random pel data, and got the following results:

Operation Maximum pel Overall
MME MME
1. Truncation to 15-bits 0.083 0.011 OK
2. Truncation to 14-bits 0.116 0.026 Not CX
3. Rounding to 1l4-bits 0.066 0.021 OK

I assume your studies were using 320 kbs for the video. Was there
any systematic refresh during the measurements? We assume not.

On the basis of information from you and David Hein, I sent the
attached letter to chip manufacturers. We will hear their response.
If you have any further thoughts or results, please let me know.

I await your reply, and thank you in advance.

Sincerely,

Barry Haskell



To Mr,.B.G..Haskell . - ~ Tel +1 201 949 5459
AT&T Bell Labs .~ Fax +1 201 948 3687
Holmdel, NJ 07733 =~ % . = . 7w

From Toshio Koga (22-31300 Tel +81 44 433 1111 Ex3134
Second Development Department Fax +81 44 433 5214
Transmission Division
NEC Corporation
1753, Shimonumabe, Nakahara-ku,

Kawasakl City, 211 - -,
‘:-";._. . ] T—p\?s aqe dmﬁ
. .' v, 2

Subject IDCT pied o
Date March-16, ©1688

Thank you for your letter on Proposed Specifications.
I would like to make a few comments on that.

1. In our hardware measurements, transmission bit rate for video
was 320kb/s. Reproduced sequence was obtalned without eyeclie
refresh. Immediately after fast updating sequence in lntra-
mode, truncation was carried out and then reproduced picture
was observed until visible distortion appeared.

Your assumption is correct.

2. Distortion is much more visible for highly saturated plctures
or parts of picture such as Color Bar.
Ve should be careful about this result.

3. In practical 15T calculation, we can distinguish two kinds of
édistortion, orne t2ing due te the aprproximaztion (rounding to @
tits) and ths othzr being duz to mismitch. Base-line apprsach
corrzspoends to a cs3rtain zpproximation.

This wili lezd us to wus2 real rumber computatiosn to obtain
“referance” xs yecu did

4 Two examsles ¢l truncation te 14 and 15 bits wiil te

demonstratsd using VIR in the Eague m:=eting.

Unfortunately, I can not attend at the Bague meeting. Mutsumi
Chta, who participated in the Tokyo meeting last January, will
act for me. )

I hope we can have happy results. ‘
Best regards.

Toeshio Koga

y



Erom: Barry G. Haskell
HO 4C-538
AT&T Bell Labs
Holmdel, NJ 07733
USA

phone: +1 201 949 5459
fax: +1 201 949 3697
telex: 219879 BTLH UR

To: Respondents to CCITT Request for DCT

Dear Sirs and Mesdames:

Thank you for your responses so far to the CCITT request for DCT
chip information. Based on software received as well as computer
simulations and hardware codec studies, we think we are near to a
serformance specification that would work for ISDN video codecs.

e are thinking of a procedure (see attached) that would be
suitable for computer simulation.

Could you examine the proposed method and let us know your
thoughts? The peak error constraint is fairly firm, whereas the
mean-square error constraints may possibly be relaxed slightly as
we gain more experience with the codecs.

We will need your responses by March 18 at the latest. If I do not
yet have your fax number, could you send it? Thank you.

Sincerely yours,

Barry Haskell



CCITT Specialists Group on Visual Telephony

Proposed Specification for Inverse DCT Chips

1. Generate random integer pixel data values in the range -256
to +255. Arrange into 8x8 blocks.

2. For each 8x8 block, perform a separable, orthonormal, matrix
multiply, Forward Discrete Cosine Transform (FDCT) using at
least 32-bit floating point accuracy.

3. For each block, round the 64 resulting transformed coefficients
to the nearest integer values. Then clip them to the range

-2048 to +2047. This is the 12-bit input data to the inverse
transform.

4, For each 8x8 block of 12-bit data produced by step 3, perform a
separable, orthonormal, matrix multiply, Inverse Discrete
Cosine Transform (IDCT) using at least 32-bit floating point
accuracy. Round the resulting pixels to the nearest integer,
and clip to the range -256 to +255. These blocks of 8x8 pixels
are the ''reference'" IDCT output data.

S. For each 8x8 block of 12-bit data produced by step 3, use the
proposed IDCT chip or an exact-bit simulation thereof to perform
an Inverse Discrete Cosine Transform. Clip the output to the

range -256 to +255. These blocks of 8x8 pixels are the '"test"
IDCT output data.

6. For each of the 64 IDCT output pixels, measure the peak and mean
square mismatch error between the 'reference'" and "test" data.

7. For any pixel, the peak error should not exceed 1 in magnituce.
For any pixel, the mean square error should not exceed 0.06
Overall, the mean square error should not exceed 0.02
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Bell ,
_ J Communications
.’ Research

33" Newman Sgrings Roac
Box 7020
Red Bank, New Jersey $7701-702
{201} 758.2000
Rm. 4X-801
BExt. 2869
Prx: 708-0880

FAX: 54%-3697

March 15, 1988

Dr. B. G. Haskell

AT&T Bell Labs

HO 4C-538

Crawfords Corner Road
Holmdel, New Jersey 07733

Dear Dr. Haskell:

Thank you for sending us the “Proposed Specification for Inverse DCT Chips.” Following are our
COmmMEDs 10 the enclesed document

1. Item 7, lice 2 - Shouldn'r the "pixel” be "bleck™?

Shouldn't the random number generater alacristhm be specified?

Hew many tlocks of random numbers should te simujated?
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meats of the chip be specified?
5. The mean-square ercor specifization may te relaxed a little bit

Please call me if you have any further guestions.
Sincerely,

eyt dg S—
Ming-Ting Sun
Member of Technical Staff
Signal Processing Systems Group

"Attachment



CaTe NOT 263)

To: B G Haskell
AT&T Bell Labs
Hoimdel, NJ
USA
From: - Colin Smith, Inmos, Bristol, UK
cc Peter Cavill
Date: 18th March 1888.

Subject: Proposed Specification for Inverse DCT chips

Dear Mr. Haskell,

Thank you for your specification of a procedure for the DCT coding. Our simulations are
broadly in line with the proposed method and any minor differences will be corrected in line
with your fzx, so that we can estimate the errcr values for the random integer pixel dasa input.

Fcwevear in crder to ccmpara rasultant error rates it is imporiant to know if any scaling has
tean appliec to the coefficients when pericrming the DCT. We think that this iniormation
shouiC be adcec to the propesed specificaticon.

Recgards

Manager, DSP Products.
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FAX to: +1 201 S49 3697

Dr. B. G. Haskell

HO 4C-538 AT&T Bell Labs
Holmdel, NJ 07733
Uusa

Video Sys. & Tech. Lab.
R & D Center TOSHIBA

1 Komukai Toshiba-cho
Saiwai-ku Kawasaki 210
JAPAN

phone: +81 044 511 2111
fax: +81 044 555 2074

March 18 1988

Dear LCr. Haskell:

Thank vyou for'ycur last letzer. We examined cur Inverse
PCT algeritha according to the method specified in ycur letter
and fcund <hat our algorithmn neets the specified conditicns.
The algeoritha is described on page 2. Cn a pixel-by=-pixe:l
basis, the pezk error is ccnsistsntly 1.0, and nc mean squared
2rror value exceeds 0.06. Overz.l, the mezn sguare error is
9.02. The test was conduczed for 20000 blocks cf indeperndent,

uniforzly distributed randoa data.

[



 FAX to: +1 2071 948 3697
Dr. B. G. Haskell
HO 4C-538 AT&T Bell Labs

Holmdel, NJ 07733

USA
Video sys. &
R & D Center

Tech. Lab.
TOSHIBA

1 Konukai Toshiba-cho
Saiwai-ku Kawasaki 210
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Dr.

usa

FAX to: +1 201 949 3697

B. G. Haskell
HO 4C-538 AT&T Bell Labs

Holmdel,

vVideo Sys. & Tech. Lab.
R & D Center
1 Komukai
Saiwai~ku Kawasaki

TOSHIBA
Toshiba-cho

NUMBER GF INPUT DATA HLOC<S:
PEAK ERROR
1’0 1.0 110 101 100 1!0 1.0
748 140 1.0 19 1.0 1.0 1¢0
1.0 1,9 7.0 1,3 1.9 1,0 1,9
X7 ' 0 1.3 1,0 T,d 1,0
i ;:g 100 1.3 1.9 100 119
1'1) 1.3 1.0 1.3 1.9 1.C ;,8
109 1.9 1,0 1.1 1,0 1.9 .
e 73 T35 T3 7.3 T, 0 1.0
R PI(flL oY {LEL 843
e f4< ( e 7,02 n.n2 7.02 u,02
2. OE 3,72 EREF: c.02 3,52 E
9132 0'as £,32 9.02 n,u 9,32 u'ug
"5 0 ; 0,32 0.02 C,02 .
0152 252 M n.32 3.02 c.92 0,02
Y T P! 7.2 702 7,52 U,02
9.C4 9,02 nl92 1.42 9.92 g,c2 u,02
3,34 . 5. 02 7,02 9,032 .2 U,02
' -

7,02

JVERALL M3g =




IEEE CIRCUITS AND SYSTEMS SOCIETY

Ming L. Liou PLEASE REPLY TO:

President Bell Communications Research

Room NVC 3X.303
331 Newmen Springs Road
Red Bonk, NJ 07701 USA

Telephone: (201) 758-2949
Telex: 275 318 )

FAX: (201) 758-0889
March 14, 1988

Dr. B. G. Haskell

AT&T Bell Labs
Crawfords Corner Road
Holmdel, New Jersey 07733

Dear Barry:

In responsc to the CCITT Specialists Group on Coding for Visual Telephony's inquiry to encourage
manufacturers and IEEE to contribute to making an industry standard for DCT chips, the IEEE Circuits
and Systems Society has agreed to undertake such a task.

A Standards Committce, chaired by Dr. Ming-Ting Sun of Belicore, has been established within the
Circuits and Systems Socicty. The committce will first submit a Project Authorization Request (PAR) to
the 1EEE Standards Board for approval. After approval of the project, various organizations within IEEE
expressing interests will be asked to participate.

Since the CCITT, IS0, and other organizations have alrecady donc some work on DCT standards, the
Circuits and Syvstems Standards Committee will rety heavily on these results during the standardization
process.

Sincerely vours,

e

Ming L. Liou

"
1
1y
(A2}



Erom: Barry G. Haskell
HO 4C-538
AT&T Bell Labs
Holmdel, NJ 07733
USA

phone: +1 201 949 5459

fax: +1 201 949 3697
telex: 219879 BTLH UR

To: F. Molo
Telettra Vimercate

Dear Mr. Molo

Thank you for sending your software for simulating your DCT chip;
Unfortunately, I was unable to get it to work properly, I think.

We really only need the inverse transform. Perhaps you could
change the software slightly to provide a subroutine

INVDCT (BLOCCI, BLOCCO)

where BLOCCI is an 8x8 input matrix of DCT integer coefficients in
the range -2047 to +2047, and BLOCCO is an 8x8 output matrix of
pixel integer values in the range -255 to +255.

I am concerned about your statements

"sine and cosine of angles different from canonical ones"

"line and column DCT are not exactly the same"

Any chip to be used in a standard codec would have to work with

other codecs that do use the canonical, seperable, orthonormal
Discrete Cosine Transform.

If you have any more advice, please let me know. Thank you.

Sincerely yours,

Barry Haskell



February 22, 1988

From: Barry G. Haskell
AT&T Bell Labs

Holmdel, NJ 07733
USA

phone: +1 201 949 5459
fax: +1 201 949 3697

/6172

To: Mr. Richard C Nicol
British Telecom Research
Martlesham Heath, Ipswitch IP5 7RE
UNITED KINGDOM

phone: +44 473 642710
fax: +44 473 643791

Dear Richard,

I got your Telex of February 19! Our letter (copy attached) went
out on February 2 to NCR, INMOS, Thomsocn, Bellcore, Siemans,
Telettra, Philips and AT&T. It went out to Plessy on Feb. 17.

We have received software from Telettra, Bellcore and AT&T. INMCS
called two weeks ago and sazid they would send it. Could you see
if that is still their intention? Call Peter Cavil (0454 616618

I talked with David Hein and sent a fax (copy attached) to Koca

at NEC.

I think we'll be able to converge on something fairly quickly.

Thanks;

Barry Haskell



ANT Nachnchtentechnik GrbH - Positach 1120 - D-7150 Backnang

Dr. B.G. Hoskell

AT&T Bell Loboratories
HO 4C-538

Holmdel,

NJ 07733 USA

Ihre Zeichen/Nachricht vom

MX/V,B&/kl

CCITT Video Coding Experts Group
Solicitotion of informotion cbout

Decr Sir,

We hcve been informed cbout your ¢

- ycu in this motter,

Cur ccmocny is engcgeld since yecrs
cessirg, inclucding elezerzzion of
mizsich C1it roiss 27 onox 84 kCitls
JSec, InC € Zertinent s&TICUSTIT &
tzr@igste zolvtien Tor o JCITT e
sre cveilchis za srcrs term, vclom
cnc coulc be erviscgec fer 1GET,

As we cre interesisd in vicec czont
sucport the reclizection of CCITT s

cpegreciote to hcve yeour incicction
¢ stenderd solutien out of verious
ccequcte crrengements including po

We will cpprecicte your odvice how
kindly invited to contoct us if we

Sincerely ycurs,

1y
R

Unsere Zeichen / Bearbeiter

|

"Il

Sa—

]

Nachrichtentechnik

1l

Copy :

Mr.G.Zedler
Fernmeldetechnisches
Zentrolomt, N1}
Postfach 50 00

6100 Dormstodt

S (07181 13-0

Durchwahl 13- Backnang

/ Bérner 2589 11.03.88

DCT chips

.m. request, ond we ore pleosed tc cddress

in advonced technigues fer imcge creo-
ceding/cececing clgorithms cllowirs treons-

. In the czcntext ¢t th:s werk, OCT -cs teen
Mic is uncer recliscticn whicn gz..z & ¢
ec locing stenders. Wnilzt semsle csozmtities
e grocduction will cecenmc cvpon meross recoest
erencing technicues, we cre preccrec tc
tendercs., Consecuently, we very muzn weulic
cleng which terms CCITT intends tc icdentify

-
<
s1l

candicdctes. We cre willing to cen
tent ond licencing ospects.

cer

to pursue this metter further. Ycu cre
ccn essist in CCITT stenderdisoticn,





