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Introduction

In RM5, the following motion compensation (MC) algorithm is adopted.
(1) Block size is 16x16 pels.
(2) Range is ±7 pel/frame.
(3) Simple tree search block-matching method is used.
(4) Value of motion vector itself is transmitted.

The modified algorithm described below can improve the number of bits
required for the motion vector, and the accuracy of motion.

Method

2.1 Transmission of differential vector

Instead of transmitting the value of the detected vector itself, the
differential vector, i.e., the difference between the detected vector
and the average vector among neighboring blocks .A,B,C,D shown in figure
1, is transmitted using variable length codes shown in table 1. Here,
only MC blocks among A,B,C,D are used to calculate the average, and if
there are no MC blocks, the value of the motion vector itself is
transmitted. Further, when the value of the differential vector
exceeds the code range of table 1, it is clipped as shown in figure 3.

This modification would be effective in reducing the number of bits
used for the motion vector when the correlation of the neighboring
vectors is high. Tha range of MC can also be enlarged.

2.2 Initial shift vector

Before the motion estimation, motion vectors (stored in the encoder
independent of the transmitted motion vector) of neighboring 8 blocks
shown in figure 2 and a 0 vector are evaluated by the MC error value of



the current block, the vector yielding the minimum MC error chosen as
the initial shift vector, and the search range of the motion shifted by
this initial vector. After that, the two-step block-matching method
(step size is 2, 1) is applied.

This method can smooth vector fields, improve motion accuracy, and
enlarge the range of MC without increasing calculation requirements.
The maximum MC range is, for example, extended to ±15 pel/frame.

Results

Table 2 shows the simulation results of RM5 with these modifications.
The number of bits used for the motion vector is reduced.

Conclusions

Modifications of MC algorithm described above are proposed for RM5.

Though part of the MC algorithm is outside the scope of
standardization, the motion vector transmission method is important in
reducing side information, while the motion estimation method would
influence other parts of coding algorithms or parameters. Further, it
is also important to improve the simulation algorithms themselves.

Concerning the MC algorithms, therefore, motion estimation with good
accuracy, efficient transmission of motion vectors, and optimum block
size taking both prediction efficiency and the amount of side
information into account should be studied further. For example, the
pel-based MC method indicated in the ANNEX is effective when the
quantizer step size is small, so it would be worth consideration when
the bitrate is high or coding efficiency is improved in the future.

- 2 -



B

A

B

A

C

111!

D

current
block

Figure 1 Block allocation used for
movement vector transmission

D

current
block

present frame K

Figure 2 Block allocation used for previous frame
the initial shift vector

coded area

Figures Limitation of
differential vectors

- 3 -



oo

COi_o+Ju£a;>o£o+-•TJO)cena>-aou01cfO

LOroooc\jICOIinI00tenI

X
X
X
X
X
X
X
O
O
O
O
O
X
X
X
X
X
X
X

X
X
X
X
X
X
X
O
O
O
O
O
X
X
X
X
X
X
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

O
O
O
O
O
O
O
C
T
i
t
-
-
(
J
D
t
—
 O

O
O
O
O
O
O
O
O

o
o

o
o

o
o

o
t

-
L

n
-

=
r

i
n

c
o

o
o

o
o

o
o

o

o
o

o
o

o
o

o
c

-
.=

r
c

\
j

.=
r

u
3

O
O

o
o

o
o

o

o
o

o
o

o
o

o
t

-
t

n
-

=
r

i
n

r
~

o
o

o
o

o
o

o

O
O
O
O
O
O
O
O
O
C
—
«
£
)
C
—
 
C
T
.
O
O
O
O
O
O
O

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
 
X
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
 
X
 
X

X
X
X
X
X
X
X
O
O
O
O
O
X
X
X
X
X
X
X

X
X
X
X
X
X
X
O
O
O
O
O
X
X
X
X
X
X
X

•aCD•4J
•HJ3•HXcX

I 
I 

I 
I 

I 
I 

I 
I 

I



(Na)
f—

—
4

,0cd

SEQUENCE
MODIFICATION

beC£CO§6CD
75COcd00}

<toen
J5|£• iHctf
O1

0)

s-510f—
 1c03

s-tJ
usr-i

rtS-4J
IOI—

 (cctj

SJ3̂>IOi—
 1

/y

•a
• 

o
o 

m
>

 o
(X, a

10SK

•O
i 

aj
^

 
0

a, a.

IOBJ•a
• 

0)

2 S
a, S.

to35a:1)
• 

o
<J* °
Cu a.

IO02•o
i 

C
J

IM
 

O
Cu 

o.

mSK

•O
• 

a>
IM

 
O

0
. 

0
.

to§

T
3

i 
4J

O
 
«

l«
 

O
04 a.

u>§
"O

CU 
0
.

toOS

/

CM00COOoo0000T
f

C
nU
)

cnoco00oo1-4

0010oenCO•-4

crioCOCOCOCOCOoCO_COcnCNCOe-CNCOCNCMCOCOCMCOminance

•2u.i&ftJ

CM
 

O
O

 
CO

CN 
O

 
T

f
Cn 

CM
 

CO
CM

 
CO

 
CO

T
f 

V
) 

C
O

CM
 

O
 

T
f

CO
 

CN
 

CO
CM

 
CO

 
CO

O
 

C
M

 T
f

CO
 

CO
 

CO
O

O
 

O
 

—
t

CN
 

CO
 

CO

C
- 

T
f 

IO
IO

 
(M

 
to

CO
 

O
 

-H
CN

 
CO

 
CO

T
f 

C
O

 
C

-
c- 

Tf 
co

C
n 

t-
 

C
O

CN
 

CO
 

CO

CO
 

<-< 
00

t-
 

T
* 

.-4
cn 

t- 
co

CN
 

CO
 

CO

C
n 

C
N

 
C

O
en 

oo 
cc

oo 
to 

c-
<N

 
CO

 
CO

CN
 
«

 
C

M
CO 

t-^ 
IO

CO
 

to
 

t~
CN

 
CO

 
CO

C
- 

C
O

 
IO

c- 
co to

C
- 

C
- 

C
O

CO
 

CO
 

CO

IO
 

O
 

C
n

CO
 

C
- 

C
O

t-
 
t-

 
0
0

CO
 

CO
 

CO

C
N
 

-H
 

1-4
CO

 
C

N
 

Tf
OO

 
CO

 
C

)
CO

 
CO

 
CO

C
- 

Tf 
C

N
CM

 
O

 
C

N
CO

 
C

O
 

O
)

CO
 

CO
 

OO

t-
 

IO
 

IO
C

- 
CO

 
CO

1>
 

CO
 

—
4°

CO
 

C
O

 
Tf

O
 

C
O

 C
N

c- 
10 

to
c- 

oo 
-H

co 
co 

TC

00 
T

f 
C

N
<n 

co 
Tf

t-
 

0
0
 rt

CO
 

C
O

 
T

t

•* 
10 m

en 
t~ 

rt
C~ 

CO
 

r->
CO

 
C

O
 
•*

ninance
rominance (U
^ominance (V

3 
J3 _C

J
 O

 O
S-i 

i-. 
!~

cS
^cS

OSKCO<N

^fCOCOCNCOO
)

<N»-H

CN•*cT
f

T)l*-4
•<*rtCOIOCO•-*
•<tIOCOtoIO1-1
**<N1CN"*10enCNCN

enCOCOCNt-COo>l-(*-4^HoCNCOCOCNCNet;COCNsoCMooCNCU(•'uaat*-loa"7:cc30*g^CO

CO
 

<O
C

ft 
C

O
(-4

 
v-H

O
 

C
N

0
 

t~
CN

 
^4

•* 
-<

T
f 

—
1

•-4
 

«-H

IO
 

CS
^
*

 
—

 H
1—

 1 
»— 1

C
- 

C
O

«-4
 

^H

CM
 

-H

en 
o

^
 

CM
CN

 
1-1

t- 
o

c- 
o

f-4
 

1-4

CO
 

O
CO

 
O

-H
 

f-4

co 
en

<N
 

CO
(N

 
-<

C
O

 
T

f
CN

 
CO

CN
 

-I

C
~
 

T
f

CO
 

CO
CN 

-H

00 
10

CO
 

CN
CN 

-H

O
 

rf
O

 
T

f

C
O

 
^H

en 
—i

en 
•*

CN 
-1

S
 

T
?

C
N
 

i-4

oo r-
0
0
 

T
f

C
N

 
.-4

;* o

IMot-,of the numbe
o coefficients

S^1 g
e
 
c

esCO

ST
^

-H
 

IO
IO

 
0
0

-4
 

C
O

CM
 

•*

s s?
s a
t- 

t-
00

 
00

en 
o>

1-4

C
- 

00
c- 

e-
cn 

en
1-4

CO 
-<

co 
en

-H
 

-^
1-4

1
0
 

T
t

*H
 

O
O

•H
 

-^
-HCM

 
tO

IO
 

T
f

CO
 

CM1—
4

CO
 

CO
CM

 
CO

oi ai

2 5
CO

 
CO

en 
co

00
 

C
O

IO
 

C
O

Tf 
C

M
O

 
t-

.C
- 

C
M

1O
 

CO
IO

 
C

O
CO

 
CM

O
 

C
O

O
 

C
O

cri 
co

CO 
0

t- *~.
cd 

co

CN
 

Tf
10
 
-
i

-d
 
t-

«Hc- 
co

C
N
 

O
-H
 
t
-

1-4

>
H
 
0

O
i

0
 

+
*
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ANNEX

TITLE: Pel-based motion compensation

1. Introduction

In RM5, block matching motion estimation is carried out
on blocks of 16x16 pels, and the resultant prediction error
is coded using the DCT. However we have shown in some cases
that using a finer grained motion estimation technique
without the DCT is a more effective measure. Here we
propose a coding method which switches between the
traditional coding method and a finer grained motion
estimation method. Thus the advantages of both systems are
realized.

2. Method of pel-based motion compensation

In finer grained motion estimation technique we
calculate a motion vector for every pel using the following
method.

1. A motion vector for each 16x16 block is calculated
with the usual block matching method.

2. This vector and the zero displacement vector (0,0)
are used as initial vectors in calculating the vector
for each pel.

3. To calculate the motion vector for pel X of Figure 2,
a group of pels (for example A, B, C, D of Figure 2)
surrounding X are matched with corresponding pels in
the previous frame (The seach being limited to a small
area { 1 pel) about the initial vectors).

4. The dispalcement describing the best match between
A, B, C, D and the previous frame is used as the
motion vector for X.

Note that by using only previously coded pels (such as A,
B, C, D) in determining the vector for X, pel motion vectors
need not be transmitted. They may be obtained at the
receiver using decoded data.

The motion compensation error is quantized by the same
quantizer as in RM5 and entropy coded. On a block-by-block
basis pel-based motion compensation and the traditional RM5
method are compared, and the method yielding the fewest
number of coded bits is chosen as that block's coding method.

3. Result

Table 1 and Figure 3-6 compare RM5 and the RM5 + pel
motion compensation method. In general, pel motion
compensation tends to be of greater value when the quantizer
step size is small. This is because pel-based motion
compensation is able to more acccurately obtain vectors at
low levels of quantization noise.

Since the average quantizer step size at 64kbps is 23.2,



there is little improvement. However at 256kbps (p=4), the
SNR improves about O.SdB on the average and 1.3dB maximum
over RM5.

To further investigate the relationship of pel motion
compensation to quantization noise, we tested the RM5 + pel
motion compensation technique and several fixed quantizer
step sizes. According to these results (Table 2), pel
motion compensation has a sizable effect at step sizes less
than 8.

4. Conclusion

We have found that the coding efficiency of RM5 can be
increased using pel motion compensation, especially at small
quantizer step sizes. Results show that pel motion
compensation is certainly not a substitute for DCT coding,
but that it can improve overall coding performance by
effectively coding in cases where DCT coding is inefficient.
Pel motion compensaiton can thus be viewed as a way to

improve the overall performance of RM5.
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Table 1 The performance of RM5 and proposed method

ITEM

SNR for luminance Y
SNR for chrominance U

V

RHS for luninance Y
RHS for chrominance U

V

Mean value of step size

Mean value of number of Y
non-zero coefficients C

Mean value of number of Y
zeroes before the last NZ C

Block type of MACRO Fixed
Fixed HC
Coded
Coded HC

Block type of Y Fixed
Fixed MC
Coded
Coded HC

Block type of C Fixed
Coded

Number of bits Macro attr.
EOB
MV
Coeff. Y
Coeff. U
Coeff. V
TOTAL

64R

37.92
38.67
41.67

3.26

23.2

2.8

8.1

287.0
7.7

54.3
46.9

1274.3
93.9
91.1
124.6

757.9
34.1

516
1215
-437
3509
166
71

5914

. 64P.

37.85
38.52
41.46

3.30
.

22.9

2.6

7.2

260.1
8.6
78.7
48.6

1222.9
100. T
132.1
128.8

755.5
36.5

427
1142
458
3596
179
75

5913

128R

40.20
40.71
43.61

2.50

14.0

3.5

9.8

225.4
2.5

118.4
49.6

1171.3
56.2
204.1
152.4

717.3
74.7

683
2017
417
7528
649
284

11578

128P

40.12
40.83
43.73

2.52

13.5

3.2

8.9

188.0
3.6

154.3
50.1

1057.5
60.3
311.7
154.5

707.7
84.3

662
1616
430
6476
429
170

11505

256R

42.23
43.06
45.58

1.98

11.5

5.1

14.3

198.7
2.7

147.2
47.4

1053.0
44.6
330.7
155.8

651.1
140.9

731
2335
401

15656
2122
1017
22261

256P

42.76
43.77
46.10

1.86

8.5

4.5

14.2

138.7
2.2

206.1
48.9

858.3
37.4
521.2
166.9

613.2
178.8

• 785
1600
409

8581
866
328

21471

64R : 64Kbps RM5
64P : 64Kbps RM5 Pel-based motion compensation coding



Table 2 Efficiency improvement by
pel—based motion compensation

G*

4
&
12

16

No. and ratio of
blocks on which
PM(T*is effiective
Number
105
37
15
Q

Ratio
26.536
9.3%
3.8%
2.3%

Used bits on most effective blocks

RM5
1033
292
190
130

PMC

470

113

109

107

RM5-PMC

563

179

81

23

* step size
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