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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 S x S separable, inverse DCT chip? We would
need this wi th in two weeks to meet our very str ingent deadlines. Could you
send the code via PC floppy. 9-track mag tape or electronic mail to

Barry G. Haskell
Room -1C-53S
AT&T Bo!! Laboratories
II:.!mde!. NJ 07733
Td: 201-9-1'J-o-loO
Fax: 201-9-19-3607
E-Mail Address: ucbvax!vaxl35!bgh

He will then distr ibute 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 will ing to participate in a standards setting
procedure for DCT/IDCT chips for more general application, including till-
image data compression, medical imaging, aerial photography, etc. We may be
•able to organize something through the IEEE Standards Committee. If so.
please let Barry Haskell know.



TO:

FROM:

Dr» Ba_rry_Haskell_
AT&T" Be 11 Labs """"
Room 4C 538
Crawfords Corntr Road
Homdel, New Jersey 07733

David He in
Comproaaion Labs, Inc.
2860 Junction Avenue
San Jose, CA 95134

Fax:

Phone:
Fax:
Telex:

201 949 6172
/3697

+ 1 408
+ 1 408
171619

435 3000
922 5429

DATE: February 19, 1988

Dear Barrys

You will find attached the results of the IDCT mismatch experiment
run a£ 320 Kbps , Also attached is a possible candidate for the
test vectors to be used for testing the various IDCT algorithms.
Figure 1 shows the coding performance of RM4 as a function of
refresh period and mismatch error. The figure gives the results
for both 320

in th
Kbps and 765 Kbps.
TT document =281,

The 768 K b p s results were
din^ tho. H=1O ca*o.

also

The following conclusions can be drawn from Figure 1:

1. The relative :o=3 in quality is greater for 766 Kbps than
it is for 32C Kbps. Tor the case where N»12, thers is a
1.4 c3 less fcr 768 Kbps, and a C.3 dB loss for 32-3 Kbps.

2. The optimum refresh period is shorter for 768 Kbps than
for 320 Kbps. When K«12 the optimum refresh period is
around 4.5 seconds for 768 Kbps/ versus 8 seconds fcr 320
Kbps.

3. The coding performance is more sensitive to the refresh
pariod for 320 Kbps than it is fcr 768 Kbps. With a
MME*0 and a refresh period of 2 seconds there is a 0.5 dB
loss at 768 Kbps versus a 0.9 dB loss at 320 Kbps.

Based on the above conclusions it would seem that the standard
could allow fcr the refresh period to be a function of ratsi
longer for low rates and shorter fcr high rates. This prcbably
complicates things a bit too much however. I would be more
inclined to retain the requirement thac was put forth in document

In document *281 the refresh period is defined in terms of• 221.
actual ceded a be clute time . In s imole
: -zl er.e r. ta t i en the refrash

:ns tea c cf
ccricd uoul r: be 61 divided by the frame

very h i c h channel r2t?s/ sucr. as 1.525 cr 1.923 Mbps-
u n at 3C ' rz-; 2 per second, a.-. d trersfcr*
i 2 ; e - c ". d 2 . r. c •- e v T r , a t 2 c 4 r. b r ; c c -- e c s
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will probably be operating at 15 frames per second, and have a 4
second refresh period. If the Nx3S4 algorithm is applied at 64
Kbpe/ the codec will probably have to operate at 10 frames per
second or leas. The refresh period would be greater than 6
seconds.

In addition/ the proposal in document 1281 relaxes the refresh
requirement for the uncoded blocks, since these blocks do not
contribute to the mismatch error. In theory/ a fixed block never
requires refresh. In pratice some refresh is required to handle
transmission errors. By relaxing the refresh requirements for
fixed blocks we have helped the low channel rate even more, since
there will be a greater percentage of fixed blocks at low channel
rates than at the higher rates.

Taking a second look at the curves in Figure I/ it seems that the
refresh requirement could be relaxed to 120 frames/ 8 seconds at
15 frames per second/ without very much loss in performance. For
low M M E eooee there ia ac tual ly an increase in performance.

Now on the subjec
initial cut at ds
phone i these were

of the IDCT test vectors.

the rames from
Table 1 were gene
blocks, takinc th
were generated by
with "the next fr
described fcr the

Table 1 shows my
fining the test vectors. As I mentioned over the
derived by taking a 32x32 ui. nrinu nut- nf r>n* nf
the Salesman sequence. The first 16 blocks in

rated by breaking the 32x32 imag* up into 16
e FDCT, and rounding to 12 bir*. B1 nrk.i 17 t-n 37
taking the frame difference of the 22x32 image

arne and then producing the 12 bit coefficients as
first 16 blocks.

I have generated MMZ's based en these teat vectors and got results
sirr.ilar to those obtained with a rancor, number generatcr.
Therefore, rathsr thar. proposing ths tsst vectors in Table I/ I
vculd prcpcse the following method fcr generating the tasr
v •> c t c r 3 .

1. A psuedo-randcm numbar generator is used tc generate
approximately uniformly dis-tributad / unccrrelated 9 bit
numbers.

2. The DCT coefficients are produced by performing a forward
DCT using a 32 bit floating point implementation.

3. The coefficients are rounded to 12 bits.

Random number generators can be well defined and I would suggest
using one baaed on the linear congruential method, which is
defined as:

X(n-vl) - ( A*X(n) + C ) rr.sd D

Values cf A=65539, C-C, D-2**32 and X(l)-6£339 arc used in the
I have ussd values cf A-216"7,

X(l)=31415.
•-•ell kncwn R.-.N2U fur.cticn



If this is acceptable then the problem of defining .the MME arises.
The MME as defined in document *281 is simply the MSB of the 9 bit
results produced by the baseline IDCT and the target XDCT. Two
other potential measures could be the maximum absolute error and
the mean error.

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

1. The MSB averaged over all pixels.

2. The maximum MSB/ which is computed by measuring the
individual MSEs for each of th« 64 pixels, and selecting
the largest MSB.

3. The mean error averaged over all the pixels.

4. The maximum mean error/ which is computed by measuring
the individual means for each of the 64 pixels/ and
selecting the one with the largest absolute value.

5. The maximum absolute error.

I would suggest usir.g a 32 bit floating-point implementation of
the IDCT as the baseline, instead cf the one I proposed in
document $261.
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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 decoder 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.

Have you been able to make any progress on this problem? We would
only need to know what you did to the inverse transform coefficients
and what refresh rate you needed to maintain coed picture quality.
'.ve cculd then comcute the Mean Scuare Mismatch error using Vandcfh data
and specify the allowable MME for 384 kbs.

I have talked with David Hein, and his preliminary results are
encouraging. 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.

Operation at 64 kbs seems to be no problem.

I await your reply, and thank you in advance.

Sincerely,

Barry Haskell



To Mr. B.C. Haskell . Phone 41 2Q1 949 5459
AT&T Bell Labs Fax +1 201 949 3697
Holmdel.NJ 07733

From Toshio Koga (22-3130) Phone +81 44 433 1 1 1 1 Ex 3134
Second Development Department Fax +81 .44 433 5214
Transmission Division :

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

I wo
Subject IDCT Mismatch Problem (Tv- -a pages J nclud ing ...thi s. >
Date March 1, 1988

Dear Mr. Haske 11 : .. ...
Thank you for 'your facsimile l e t t e r on the problem of

mismatch between the coder and decoder Inverse transform.
Using our Flexible Hardware, we observed reproduced sequences

when the accuracy of IDCT in the 'decoder loop was changed.
As sp»»n from the attached bit diagram, truncation at (?) <2**-5),
(g) (2**-4>, and (3) <2**-l> was carried out. The first two
approximations were made to the out put dat6. between the first
and the second 1D-IDCT. According to the current Flexible

I Hardware specification, it has a 16-bit<lJ.5> accuracy.
| Truncation at 2**-5< (T)) hardly produces visible degradation
I for teleconference v i d e o sequences even ten seconds after the
i truncation gets started. Although truncation at 2**-4< (f) )
• affects p i c t u r e q u a l i t y about several seconds after, rounding at

2**-4 w i l l produce no v i s i b l e d i s t o r t i o n within ten seconds
scr.ordina to our p r e v i o u s s i m u l a t i o n work. Rounding at 2**-4 w i l l
be s i m u l a t e d soon to make it sure. Truncation at 2**-lC (§)) gives
no good r e s u l t .

In t h i s e x p e r i m e n t , we did not change matrix element values,
since they do not a f f e c t the e x p e r i m e n t a l results as long as
t h e i r accuracy is h i g h e r than, for instance, 12 b i t s (currently
16 bi ts)

At the moment, the e x p e r i m e n t a l results give us a f e e l i n g
that truncation at 2**-5 for the output data from the first IDCT
or its e q u i v a l e n t approximation accuracy by some IDCT algorithms
other than the matrix approach w i l l be possible, and in addition
rounding gives a b e t t e r 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
NEC Cporporation
1753, Shimonumabe, Nakahara-ku
Kawasaki City 213 JAPAN

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

Dear 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

1. Truncation to 15-bits

2. Truncation to 14-bits

3. Rounding to 14-bits

Maximum pel
MME

0.083

0.116

0.066

Overall
MME

0.011 OK

0.026 Not OK

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-.+ l 201 949 5459
AT&T Bell Labs Fax +1" 201 949 3697
Holmdel, NJ 07733 ;.; , ' - . '

From Toshio Koga (22-3130) Tel +81 44 433 1111 Ex3l3'4
Second Development Department Fax +81 44 433 5214
Transmission Division
NEC Corporation
1753, Shimonumabe, Nakahara-ku,
Kawasaki City, 211 / ...

Subject IDCT * . ( • r^grr] itfelii dinj
Date .March'-16, 1989 •.-.'.. '

Thank you for your l e t t e r 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 obtained without cyclic
refresh. Immediately after fast updating sequence in Intra-
mode, truncation was carried out and then reproduced picture
was observed until visible distortion appeared.
Your assumption is correct.

2. D i s t o r t i o n is much more v i s i b l e for highly saturated pictures
or parts of p i c t u r e such as Color Bar.
V,;e should be c a r e f u l about t h i s result.

3. In p r a c t i c a l IDCT c a l c u l a t i o n , we can d i s t i n g u i s h two kinds of
d i s t o r t i o n , one b e i n g dee tc the a p p r o x i m a t i o n (round; r.g to 9
b i t s ) and the o t h 2 r b e i n g due to mismatch. Base-line approach
c o r r e s p o n -,J. ̂  to a c e r t a i n a p p r o x i m a t i o n .
This w i l l le^d us tc use r e a l rubber c orrpu t a t i or. to
" r e f e r e n c e " as y c u die.

4. Two ex.»~p 1 e s c; t r u n c a t i o n to 14 and 15 b i t s w i l l
d e m o n s t r a t e d usir.i VTR in the Hague m e e t i n g .

Unfortunately, I can not a t t e n d at the Hague meeting. J-'utsumi
Chta, who p a r t i c i p a t e d in the Tokyo meeting last January, will
act fo r me.
I hope we can have happy results.

Be st regards.

Toshio Koga



From: 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
performance specification that would work for ISDN video codecs.
We 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.

5. 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 magnitude.
For any pixel, the mean square error should not exceed 0.06
Overall, the mean square error should not exceed 0.02



SENT BYJXerox Telecopier 7020 : 3-15-E8 ;12:42PM ; 2017580889- 8493687: ;

Bell
Communications
Research
S3", NewmanSprings Rose
Box 7020
Red Bank. New Jersey 07701-702
(201)758-2000

Rjn.iX-801
Ext. 2869
Fac f 68-OS8&

FAX- 949-3697

March 15,1988

Dr. B. G. Haskell
AT&T Bell Labs
HO4C-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
comments to the enclosed document

1. Item 7, lire 2 • Shouldn't the "pixel" be "block"?
1 Shouldn't the rznccrr. number generstcr algorithm be specified?
3. Hew rr.ar.y bloc.1^ of random numbers should c« simuiited?
4. Shculda't the speed requirements of the chip be specified?
5. The mean-square error specification may be relaxed a little bit

Please call me if you have any further questions.

Sincerely,

Ming-Ting Sun
Member of Technical Staff
Signal Processing Systems Group

"Attachment



To:

From:
cc

Date:

Subject:

B G Haskell
AT&T Bell Labs
Holmdel, NJ
USA

Colln Smith, Inmos, Bristol, UK
Peter Cavlll

18th March 1988.

Proposed Specification for Inverse DCT chips

Dear Mr. Haskeli,

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 fax, so that we can estimate the error values for the random integer pixel data input.

r in order to ccrr.psre resultant error rates it is important to know if any sea-ing has
been applied to the coefficients when pericrming the DCT. We think that this micrmation
sr.CL-'c be added to the proposed specification.

Recards,

Manager, DSP Products.



FAX to: -f-1 201 949 3697

Dr. B. G. Haskell
HO 4C-538 AT&T Bell Labs
Holmdel, NJ 07733
USA

Video Sys. & Tech. Lab.
R & D Center TOSHIBA
1 Komukai Toshiba-c.ho
Saiwai-ku Kawasaki 210
JAPAN

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

March 18 1988

Dear Dr. Haskell:

Thank you for ycur last letter. We exarained cur Inverse
DCT algorithm according to the nethod specified in ycur letter
and found that our algorithm neets the specified conditicns.
The algorithm is describee en page 2. On a pixei-by-pixel
basis, the peak error is ccnsistently 1.0, and no aean squared
error value exceeds 0.06. Overall, the jnean square error is
0.02. The test was conducted for 20000 blocks cf independent,
uniforslv distributed randoa data.

Sincerely yours,

Sadao" Takahashi



to: +1 2O1 949 3697

Dr. B. G.
HO 4C-538
Holmdel,
USA

Haskell
AT&T Bell

NJ 07733
Labs

Video Sys. & Tech. Lab.
R & D Center TOSHIBA
1 Konukai Toshiba-cho
Saiwai-ku Kawasaki 210
JAPAN

ca



FAX to: +1 201 949 3697

Dr. B. G.
HO 4C-538
Holmdel ,
USA

Haskell
AT&T Bell Labs

NJ 07733

Video Sys. & Tech. Lab.
R & D Center TOSHIBA
1 Koaukai Toshiba-cho
Saiwai-ku Kawasaki 210
JAPAN
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IEEE CIRCUITS AND SYSTEMS SOCIETY

Ming L. Liou PLEASE REPLY TO:
Presi()ent Bell Communications Reseorch

Room NVC 3X-303
331 Newmon Springs Rood
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 response 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 Committee, chaired by Dr. Ming-Ting Sun of Bcllcorc, has been established within the
Circuits and Systems Society. The committee will first submit a Project Authorization Request (PAR) to
the IEEE Standards Board for approval. After approval of the project, various organizations within IEEE
expressing interests will be asked to participate.
Since the CCITT, ISO, and other organizations have already done some work on DCT standards, the
Circuits and Systems Standards Committee will rely heavily on these results during the standardization
process.

Sincerely yours,

Ming L. Liou



From: 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 IPS 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, Thomson, 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 said they would send it. Could you see
if that is still their intention?' Call Peter Cavil (0454 616616).

I talked with David Kein 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
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CCITT Video Coding Experts Group
Solicitation of information about DCT chips

Dear Sir,

We hcve been informed cbcut your a.m. request, and we are pleased tc address
you in this mat te r .

Cur cc~ccny is engaged s:nce yecrs in advanced techniques for imoae crc-
cess i r .c , including e Icbc re t: or, cf ced ing/ceccc ing algorithms cllowir: trcr.s-
~ i£s :c r , c i t r c t e s cf n x 5- » ;c ; t , 's . in the c o n t e x t cf tri;s w o r k , DC" "cs been
.•sec, c".c c certiner.t s e ~ : c L £ t : ~ cr.ir is under rec i i sc t i cn whicr. c r ^ l c ce c
:crc:cct-3 scl.ticr, far c CCI~T ', ;cec Ccd;r-.g stc.-.dcrc. V.'r.ilst sc.T.cie ;. cr.-: ties
ere cvc: lcb;e :r~, s r c r t te r~ , vc:urre product ; CP wil l cecenc uccr. m c r - c e t rec'.est
cnc ccu ic be erv;scgec fcr i ? E ? .

As we are interested in video conferencing technicues, we are preccrec tc
sucpcrt the real ization of CCITT standards. Consecuent ly, we very r-.uc" wcuic
appreciate to have your indication along which terms CCITT intends tc identify
a standard solution out of various candidates. We are willing to ccnsicer
cc'equate arrangements including potent and licencing aspects.

We will appreciate your advice how to pursue this matter further. Ycv are
kindly invi ted to contact us if we ccn assist in CCITT standcrdisatien.

Sincerely ycurs.




