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1 . I n t r o d u c t i o n

An issue of IDCT m i s m a t c h e r r o r and its c o u n t e r m e a s u r e have

been discussed in Doc.#281, #284, #321. Accor d i n g to t h e s e

documents, r e d u c t i o n of v i s i b l e d e g r a d a t i o n is p o s s i b l e by u s i n g

i n t r a - f r a m e mode, and e v a l u a t i o n of IDCT c a l c u l a t i o n e r r o r is

r e q u i r e d t o reproduce p i c t u r e w i t h s u f f i c i e n t q u a l i t y . This

document d e s c r i b e s e s t i m a t i o n of IDCT c a l c u l a t i o n e r r o r and the/^~~\
• - counterme asure for the m i s m a t c h error p r o b l e m . M o r e o v e r ,

procedures are e x e m p l i f i e d for IDCT s p e c i f i c a t i o n .

The f o l l o w i n g p o i n t s are discussed. (1) Whether random d a t a

is a p p r o p r i a t e d or not for e s t i m a t i o n of IDCT c a l c u l a t i o n e r r o r .

(2) Two m i s m a t c h suppression methods, f i l t e r in the coding loop

and bit l e n g t h expansion for IDCT outp u t . (3) Procedures for

d e c i s i o n of IDCT s p e c i f i c a t i o n .

2. E v a l u a t i o n of IDCT c a l c u l a t i o n e r r o r

Q
Two e v a l u a t i o n methods for IDCT c a l c u l a t i o n e r r o r are

compared in t h i s s e c t i o n - One uses a random d a t a sequence, and

the other uses an a c t u a l p i c t u r e sequence. The random d a t a is
g e n e r a t e d by "C rand()"- The p i c t u r e sequence is a p r e d i c t i o n

e r r o r sequence which is o b t a i n e d f r o m 'C1 a i r e ( p a r t ) w i t h RM4.

R e s u l t is shown in Table.1, where e v a l u a t e d v a l u e s are

r e p r e s e n t e d by mean square error(M.S.E.). The e v a l u a t i o n was

c a r r i e d out at the p o i n t 'comparison-1 in F i g . l , where IDCT

output d a t a is not rounded o f f . Tw o groups of e v a l u a t i o n d a t a ,

one for random d a t a and the o t h e r for p i c t u r e d a t a a l m o s t
c o i n c i d e w i t h each o t h e r - T h e r e f o r e , T h e e v a l u a t i o n w i t h random

d a t a may be c o n s i d e r e d a p p r o p r i a t e .
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15bi t
15bi t
1 5bi t

l b i t ( r o u n d o f f )
2bi t(round o f f )
3b i t (r ound o f f )

0 .021
0. 005
0 . 001

0.0170
0.0044
0.0011

Table.1 IDCT c a l c u l a t i o n Error

3. Suppression of m i s m a t c h e r r o r by f i l t e r in the coding loop

A f i l t e r in the coding loop can suppress a c c u m u l a t i o n of

the m i s m a t c h e r r o r . If the f i l t e r i n the coding loop is a p p l i e d

to every s i g n i f i c a n t block at a c o n s t a n t r a t e , a c c u m u l a t i o n v a l u e

w i l l be saturated.
However, th e r e can be some s i g n i f i c a n t blocks to which

f i l t e r i s n o t a p p l i e d . F o r example, i f t h e f i l t e r i s c o n t r o l l e d
by m o t i o n v e c t o r s , t h e r e may be no f i l t e r e d blocks in s t i l l

p i c t u r e area even though noisy. M i s m a t c h e r r o r is not suppressed

in such a case. VTR demonstration of encoded color-bar in the

annex to Doc.#321(in the Hague) should be t h i s example.
G e n e r a l l y , m i s m a t c h e r r o r a c c u m u l a t i o n v a l u e i n back ground p a r t s

i s g r e a t e r than moving p a r t w i t h t h i s r e a s o n -

T h e r e f o r e , i f t h e f i l t e r i n t h e coding loop i s used t o

suppress t h e m i s m a t c h e r r o r , t h e f i l t e r must b e c o n t r o l l e d t a k i n g

t h i s i n t o c o n s i d e r a t i o n . I t s h o u l d b e noted t h a t excessive u s e o f

t h e f i l t e r reproduces b l u r r e d i m a g e .



I t i s suggested f o r s a f e t y t h a t t h e m i s m a t c h e r r o r

s p e c i f i c a t i o n should b e decided w i t h o u t t h e f i l t e r i n t h e c o d i n g

l o o p .

4. Bit l e n g t h expansion for IDCT o u t p u t

A r e l a t i o n between IDCT c a l c u l a t i o n e r r o r and the m i s m a t c h

e r r o r is shown as f o l l o w s .

( EC - ED ) = JF/S V E C 2 + ED72"- ( 1 / 6 ) IT • L

=j2/3 VTc1 + 7? • L ( 4 . 1 )

( > This is a modified equation based on the equation in Doc.#321.

"fSj? (In Doc-#321, L = 1 . ) In t h i s e q u a t i o n , L r e p r e s e n t s round-off

p r e c i s i o n for IDCT o u t p u t , EC and ec for the IDCT c a l c u l a t i o n

e r r o r in c o d e r , ED and ed for the e r r o r in d e c o d e r - EC and ED

i n c l u d e the l a s t round-off e r r o r , w h i l e ec ,ed do not[See Fig.l].

EC2= ec^-t- ( 1/12)1?- and !l? = 7?+ (1/12)1?:

A l t h o u g h Eq.(4.1) is not a d e q u a t e if ecZ> (1/12) L̂  or ed^" >

(1/12)L, the f o l l o w i n g c o n d i t i o n h o l d s in most cases.

ec2- < (I/12)1? or edz< (1/12)1?. Eq . (4 . 1 ) is shown by a s o l i d l i n e

in Fig.2. Measured v a l u e s from computer s i m u l a t i o n a re a l s o

p l o t t e d in t h i s f i g u r e . These show a good match between the

Eq.(4-l) and the e x p e r i m e n t a l r e s u l t s .

The Eq.(4.1) shows, t h a t m i s m a t c h error can be suppressed

w i t h a s m a l l e r v a l u e of L. L r e p r e s e n t s accuracy of I DCT o u t p u t .

If IDCT output d a t a accuracy is expanded by n b i t s below b i n a r y
p o i n t , mean square m i s m a t c h e r r o r is reduced to 2 t i m e s as

s m a l l . Computer s i m u l a t i o n was c a r r i e d out to prove it. A

s i m u l a t i o n r e s u l t shows t h a t expansion by 1 bit and 2 b i t s makes
mean square m i s m a t c h e r r o r reduced to 1/2 and 1/4, r e s p e c t i v e l y ,

as shown in Fig.3. I n t r a - f r a m e mode is not used in this

s i m u l a t i o n . I n Fig.4, r e l a t i o n between t h e m i s m a t c h e r r o r a n d

r o u n d - o f f w i d t h L is shown. This shows t h a t m i s m a t c h e r r o r can be

w e l l suppressed when n is taken to be up to t h r e e . For l o n g e r n

values the suppression effect seems to s a t u r a t e .
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This s u p p r e s s i o n t e c h n i q u e i s e f f e c t i v e , though i t r e q u i r e s

expansion of d a t a l e n g t h in frame m e m o r i e s .

5. P r o c e d u r e for IDCT s p e c i f i c a t i o n

Procedures are e x e m p l i f i e d to d e c i d e IDCT s p e c i f i c a t i o n in

t h i s s e c t i o n . These procedures have to be c a r r i e d out in as many

o r g a n i z a t i o n s a s p o s s i b l e , s i n c e these procedures r e q u i r e

subjective e s t i m a t i o n .

D e g r a d a t i o n caused by m i s m a t c h e r r o r can be c l a s s i f i e d as

f o i l o w s .o
§̂i a. Off-set e r r o r a c c u m u l a t i o n at a p a r t i c u l a r p o s i t i o n in each

b l o c k .

F o r e x a m p l e , v e r t i c a l s t r i p e s appear w i t h t r u n c a t i o n o f

t r a n s f e r d a t a ,

b - O f f - s e t e r r o r a c c u m u l a t i o n on whole blocks.

In t h i s case, p i c t u r e becomes d a r k e r / b r i g h t e r g r a d u a l l y ,

c. Random e r r o r a c c u m u l a t i o n .

P i c t u r e q u a l i t y d e g r a d a t i o n i s observed a s g r a n u l a r noise.

These types of d e g r a d a t i o n can be suppressed by l i m i t i n g the

f o l l o w i n g i t e m s , r e s p e c t i v e l y .

C A. maximum mean e r r o r

B. o v e r - a l l mean e r r o r

C. mean square e r r o r

S t i m u l u s t h r e s h o l d for t h ese v a l u e s can be d e c i d e d w i t h the

procedures m e n t i o n e d i n what f o l l o w s using F l e x i b l e H a r d w a r e .



5-A. S p e c i f i c a t i o n for maximum mean e r r o r

I. Produce o f f - s e t m i s m a t c h e r r o r which is c o n c e n t r a t e d in a

p a r t i c u l a r p a r t of a b l o c k .

For e x a m p l e , if t r a n s f e r d a t a (between v e r t i c a l 1DCT and

h o r i z o n t a l IDCT) is rounded off in coder and t r u n c a t e d in

decoder, o f f - s e t error c o n c e n t r a t e to l e f t edge of each

block.

II. Evaluate Maximum mean error of IDCT c a l c u l a t i o n in a coder

and a decoder w i t h random d a t a . The d i f f e r e n c e of these two
v a l u e s is d e f i n e d as 'MEmme'.

I I I - Find maximum frame number 'Nmme' when p i c t u r e q u a l i t y

d e g r a d a t i o n becomes v i s i b l e under the c o n d i t i o n s :

No c y c l i c r e f r e s h ,

No i n t r a - f r a m e mode,

N o f i l t e r i n t h e coding loop.

IV. C a l c u l a t e the t h r e s h o l d 'THmme' by

THmme = (MEmme * Nmme) / RI

where RI is an a l l o w a b l e r e f r e s h i n t e r v a l .

V. Maximum mean e r r o r of IDCT should not exceed THmme/2.



5-B- S p e c i f i c a t i o n f o r o v e r - a l l mean e r r o r

I . Produce o f f - s e t m i s m a t c h e r r o r which occurs e q u a l l y i n each

b l o c k .

For e x a m p l e , add o f f - s e t v a l u e to DC c o e f f i c i e n t s in

d e c o d e r . I n t h i s c ase, r e p r o d u c e d p i c t u r e becomes d a r k e r

/ b r i g h t e r g r a d u a l l y i n decoder.

II. E v a l u a t e o v e r - a l l mean e r r o r o f IDCT c a l c u l a t i o n i n a

coder and in a decoder w i t h random d a t a . The d i f f e r e n c e of

these two v a l u e s is d e f i n e d as 'MEome'.

I I I . F ind maximum frame number 'Nome' when p i c t u r e q u a l i t y

d e g r a d a t i o n becomes v i s i b l e under t h e f o l l o w i n g c o n d i t i o n s :

No c y c l i c r e f resh.

No i n t r a - f r a m e mode,

No f i l t e r in the coding lo o p .

IV. C a l c u l a t e the t h r e s h o l d 'THome' by

THome = (MEome * Nome) / RI

where R I i s a n a l l o w a b l e r e f r e s h i n t e r v a l .

V. O v e r - a l l mean er r o r of IDCT should not exceed THome/2-



5-G- S p e c i f i c a t i o n for mean square e r r o r

I . Produce m i s m a t c h e r r o r which does n o t i n c l u d e o f f - s e t e r r o r .

II. E v a l u a t e mean square e r r o r s of IDCT c a l c u l a t i o n in a coder

and in a decoder w i t h random d a t a , c a l l e d 'ec', ' e d̂ ' or

'E<F, 'In?' -

I I I . C a l c u l a t e t h e mean square m i s m a t c h e r r o r 'MEmse ' w i t h

MEmse2- = /v/2 / 3 ,/ECA + ED2 - ( 1 / 6 ) 1? • L

= V2/3 V e c + ed-L,

where L is round off w i d t h for IDCT o u t p u t .

IV. Find maximum f r a m e number 'Nmse' where p i c t u r e q u a l i t y

d e g r a d a t i o n becomes v i s i b l e under t h e f o l l o w i n g c o n d i t i o n s :

No c y c l i c r e f r e s h ,

No i n t r a - f r a m e mode,

N o f i l t e r - i n - l o o p .

V. To c a l c u l a t e the t h r e s h o l d 'THmse' w i t h

THmse2 = (MEmse * Nmse) / RI

where RI is an a l l o w a b l e r e f r e s h i n t e r v a l .^

VI. S p e c i f i c a t i o n for mean square e r r o r of IDCT is g i v i n g by

"ecT "e? < (3/4) ( THmse / L )Z

o r

EC2; EDi'< (3/4) ( THmse / L f" + ( 1 / 12 ) LZ



6. C o n c l u s i o n

Random d a t a sequence is a p p r o p r i a t e to e v a l u a t e IDCT

c a l c u l a t i o n e r r o r - F i l t e r i n t h e c o d i n g loop i s e f f e c t i v e t o

s u p p r e s s m i s m a t c h e r r o r a c c u m u l a t i o n . However, i t s h o u l d n o t b e

t a k e n i n t o c o n s i d e r a t i o n on I DCT s p e c i f i c a t i o n , s i n c e c o n s t a n t

u s e o f t h e f i l t e r b r i n g s i n t o l e r a b l e b l u r r i n g t o r e p r o d u c e d

p i c t u r e . Expanding bit l e n g t h for IDCT output is an e f f e c t i v e

m e t h o d , though i t r e q u i r e s a l i t t l e b i t g r e a t e r hardware

c o m p l e x i t y . F i n a l l y , procedures are e x e m p l i f i e d in d e c i d i n g IDCT

s p e c i f i c a t i o n s .
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