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Entropy  Coding  for a Hybrid  Scheme  with  Motion 
Compensation  in  Subprimary  Rate  Video 

Transmission 
TOSHIO KOGA AND MUTSUMI OHTA 

Abstract-Entropy coding  bas  been  investigated  for  motion-compen- 
sated  interframe (MC) prediction  followed by two-dimensional  discrete 
cosine  transform (DCT) for  prediction  error.  In  particular,  variable 
word length  coding  methods  for  motion  vector  and  transform coeffi- 
cients have been  discussed  assuming low bit rate  such as 384 kbits/s 
for  transmission of videoconference  sequences. For motion  vector  in- 
formation, it is  advantageous to  employ  a'one-dimensional  code  set 
common  to  both  horizontal  and  vertical  components of motion  vectors. 
The  code  set  can be obtained  using  a  combined  distribution of the  two 
components. 

In  order  to  encode  transform  coefficients,  different  methods  are  ap- 
plied to significant  and  insignificant  blocks.  Run-length  coding is ade- 
quate for representing  clusters of insignificant  blocks. In encoding 
transform coefficients in significant blocks,  a zone coding method which 
encodes  transform  coefficients  within  a  minimum  area  enclosing  all 
nonzero  coefficients  is  suitable.  Simulation of video  sequences  shows 
that a  combination  of  the  coding  methods  described  here  can  achieve 
high  coding efficiency for videoconference  sequences. 

I. INTRODUCTION 

I N general, it is well understood that interframe predic- 
tion is very effective for TV signal coding [1]-[9]. In 

order  to  further improve the coding efficiency, motion 
compensation (MC) has been successfully applied to in- 
terframe. prediction [lo]-[19]. Block matching detection 
method, where motion vector detection is carried out  on 
a block-by-block basis, shows very high efficiency when 
applied to  video  teleconference sequences [ 141. 

For violent. motion with a speed beyond motion com- 
pensation range, motion compensation is less effective 
than for normal motion. In this case, application of in- 
traframe coding can improve coding efficiency, since in- 
traframe correlation is higher than interframe correlation. 
To achieve high efficiency even for violent motion, an 
adaptive combination of motion-compensated interframe 
prediction and intraframe (previous sample) prediction has 
been developed and implemented in a practical codec [ 181, 

Although hardware complexity  increases, intraframe 
coding efficiency can be improved when transform coding 
is properly applied instead of simple intraframe predic- 
tion. Transform coding,  for  example, two-dimensional 
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discrete cosine transform (2D DCT) can be us ed for  video 
coding [20]-[22]. It has been shown that a combination 
of motion-compensated interframe prediction and 2-D 
DCT,  i.e., MC + DCT is highly efficient [20], [23]-[28]. 

In addition to the efficiency improvement in redun- 
dancy reduction coding, efficiency improvement in en- 
tropy coding is important as  well, particularly at low bit 
rates. For low bit-rate video  conference signal transmis- 
sion,  for  example at 384 kbits/s or  less, it becomes more 
important to represent zero signal information efficiently, 
since  a vast majority of motion-compensated prediction 
errors is zero due to moderate.motion and relatively coarse 
quantization. For the entropy coding of the motion-com- , 

pensated prediction error,  an. entropy coding with run- 
length representation of zero signal has been reported [ 191. 
When transform coding is applied to the  MC prediction 
error,  however, the entropy coding method needs modi- 
fication taking into account the statistics of the transform 
coefficients [26], [29], [30]. 

This paper describes an  analysis of entropy coding 
methods for motion vectors and transform coefficients re- 
sulting from a hybrid scheme of motion-compensated in- 
terframe prediction and two-dimensional transform cod- 
ing. In Section 11, a functional block diagram of the hybrid 
scheme followed by an entropy coder is depicted. Section 
I11 describes a suitable entropy coding method for motion 
vectors. Section IV describes several entropy coding 
methods for transform coefficients resulting from 2D-DCT 
of motion-compensated prediction error. In Section V, ef- 
ficiency is compared among these methods focusing on 
the encoding of transform coefficients in significant blocks 
in terms of entropy values as well as practical Huffman 
code sets designed from statistics of the transform coef- 
ficients. . , 

11. ENTROPY CODING FOR A HYBRID (MC + DCT) 
ENCODER 

A functional block diagram of a hybrid encoder is 
shown in Fig.  1. Prediction error is obtained by taking the 
difference between an input signal and a displaced signal 
from frame memory. A motion vector is detected in the 
motion detector (MD) by using the block matching algo- 
rithm [4]. The prediction error is transformed with 2D- 
DCT and quantized. Motion vectors and quantized coef- 
ficients are code-converted into Huffman codes [32], [33] 
by variable word-length (VWL) coders in the entropy 
coding part. 
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Fig. 1 .  Basic  functional  block  diagram of hybrid  coder with motion  com- 
pensation. 

Quantized coefficients are inverse-transformed with in- 
verse 2D-DCT and used for reproducing the locally de- 
coded signal. The locally decoded signai is stored in the 
frame memory (FM). 

For low bit-rate transmission application, redundancy 
reduction should be taken into account in code conversion 
of the information to be transmitted in variable word- 
length coders as well. In particular, reduction of the in- 
formation amount used in representing zero information, 
i.e., zero motion vectors as well as zero transform coef- 
ficients is very important. No doubt that less than one 
bit/pel coding cannot be realized as long as every zero 
coefficient is expressed with a 1-bit code,  since this is a 
minimum length code. Most coefficients encoded in the 
entropy coder  are of the  zero  level.  Therefore,  the entropy 
coder should encode the zero coefficients with few bits in 
order to achieve low rate transmission far below the one 
bit/pel  rate. Along with the encoding of transform coef- 
ficients, motion vector information should be encoded ef- 
ficiently. 

Coding efficiency  is compared in the  following-sections 
among different coding methods for motion vectors as well 
as for transform coefficients, assuming video teleconfer- 
ence signal transmission at a subprimary rate such as 384 
kbits/s.  Four motion video sequences typically encoun- 
tered in a video teleconference situation were used for 
simulation. These sequences include moderate to active 
sequences, with one person (two sequences), three con- 
ference participants, and six persons in a split-screen 
mode. 

111. ENTROPY CODING OF MOTION VECTOR 
INFORMATION 

Since a motion vector is encoded only once every mov- 
ing block, the motion vector information occupies a con- 
siderably smaller part of the whole information to be 
transmitted than transform coefficients. However, redun- 
dancy of even one  bit/block on the  average results in an 
information amount increase by tens of kbits/second. This 

leads us to adopt an efficient  way  of encoding the motion 
vector information. 

Originally, motion vector can 'be considered as two-di- 
mensional. For  a motion compensation range of + H  sam- 
ples/frame and &- V lines/frame, respectively, the num- 
ber of motion vectors is given by (2H + 1 ) X ( 2  V + 1 ) , 
e.g., 225 for H = V = 7. Therefore,  a number of code- 
words-is needed in variable word-length coding of motion 
vectors in two dimensions,  e.g. , 225 for H = V = 7. 

In order  to simplify the motion vector coding, two ap- 
proximation methods can be mentioned both using one- 
dimensional expressions [29]. Motion vectors can be rep- 
resented with two components Vx (pelslframe) and Vy 
(lines/frame), in horizontal and vertical directions, re- 
spectively. In a two-dimensional expression (2D),  a code- 
word is assigned to a combination of Vx and Vy. In a one- 
dimensional expression ( 10-A), two codewords are  as- 
signed to Vx and Vy ,  one for Vx and the other for Vy, 
respectively. These two codewords belong to two differ- 
ent code sets each consisting of 15 codewords when the 
motion, compensation range is assumed to be H = V = 7. 
One code set is designed from the statistics of Vx and the 
other from that of Vy. As a further sjmplification ( 1D-B), 
the two components Vx and Vy are put together to produce 
a combined distribution irrespective of direction. A single 
code set consisting of 15 codewords is derived from the 
distribution. The  code set is commonly used for encoding 
the two components, resulting in two codewords for  one 
motion vector. 

Information amounts per nonzero motion vectors are 
shown in Fig.  2  for  the three expressions, i.e.,  2D, 1D- 
A ,  and 1D-B in terms of entropy.  The block size used in 
the experiment was 8 pels X 8 lines both for motion com- 
pensation and DCT.  The  two  1D methods are shown to 
produce almost the same information rate. When com- 
pared to the  2D  method,  the  increase in information 
amount from the 2D method by employing either of the 
two 1D methods was about 2-5 percent corresponding to 
the ratio of nonzero motion vectors as shown in Fig. 3.  
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Fig. 2. Information  amounts of vectors  for  different  expressions; 
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Fig. 3.  Information  amount  increase by employing 1D coding  method  over 
the 2D method. 

The figure clearly shows that the increase becomes smaller 
as the ratio becomes larger.  The ID-B produced about 1 
percent iiigher information rate than the 1D-A. 

Fig. 4 shows the rate increase from entropy values for 
motion vector inforination when practical Huffman code 
sets were designed and used fdr  the three expressions in- 
dividually. The 'increase is about 0.2-0.3 bit/nonzero 
motion vector. The 1D-B produces about 1 percent smaller 
information rate than the 1D-A contrary to  the result 

Non-zero  Motion  Vector  Ratio 

Fig. 4. Inforkation  amount  increase by using  practical  code  sets  shown  in 
Table I .  

TABLE I 
CODE LENGTH  EXAMPLES OF MOTION VECTORS. (a) TWO-DIMENSIONAL 

CODES (2D). (b) ONE-DIMENSIONAL CODES ( 1D - A ) .  (c) ONE- 
DIMENSIONAL CODES ( 1D : B ) .  

(a) [ V  f 7  18 9 9 9 ' 9' IO 10 IO I 
8 9 9 9 9 1 0 1 0 1 0  
7 8 9 9 9 1 0 1 0 1 0  
7 8 9 9 9 . 9 1 0 1 0  I 

I i  f 3  17 7 8 8 8 9 10 101 

I f 

0 fI f2 f3 f4 f5 f6 f7 
Horizontal 

(b) 0 f l  f2 f 3  f4 f5 f6 f7 

Horizontal 12 3 4 4 4 5 6 6 

Vertical 2 3 , 4 ,  4 5 5 5 5 (bit) 

shown in Fig. 3. The cod6 set examples are listed in  Table 
I  for  the  three  expressions.  The maximum code length is 
limited to ten bits in the two-dimensional expression. 
Small fluctuations in motion vector distribution were 
smoothed when designing the  code  sets. 

According to  Figs. 3 and 4, the increase is considered 
to be the  same and about 3 percent for both one-dimen- 
sional expressions. If these methods are compared only 
from the viewpoint of coding efficiency, the 2D method 
seems to be better,  since it produces 2-3 perc'ent lower 
information rate than the 1D methods.  However,  the mo- 
tion vector is encoded'only  once every block. The infor- 
mation rate of motion vector should be evaluated in the 
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B1 oc 

(c) 
Fig. 5 .  Block  addressing.  (a)  Location of significant blocks. (b)  Code  ar- 

rangement  example (A) .  (c) Code arrangement  example (B) .  

same manner as transform coefficients. That is, the infor- 
mation rate increase should be divided by the number of 
samples within a block. This corresponds to the increase 
by 0.03-0.08 percent. This increase is very small and can 
be neglected. The  same conclusion can be obtained after 
the comparison of the  two 1D methods. There  is, in ef: 
fect, no difference in coding efficiency among the three 
methods. 

From the viewpoint of hardware complexity, t l e  one- 
dimensional expressions will be better  since  'the 2D 
expression requires 225 codewords while the 1D-B 
expression needs only 15 codewords for H = I' = 7. The 
1D-A method needs 30. The ratio of the number of codes 
is 225 to 30 or 225 to 15. For H = I' = 15, the ratio is 
961 to 60 or 961 to 3 1 .  Too many codewords are needed 
in the 2D method. It is concluded that the one-dimen- 
sional expression (1D-B) with a single code set is consid- 
ered to  be adequate for encoding the motion vectors. 

IV. ENTROPY CODING OF TRANSFORM COEFFICIENTS 

In low bit-rate transmission,  there  are many insignifi- 
cant blocks, wherein there are no coefficients to be trans- 
mitted. In general, these insignificant blocks appear in 
clusters. Therefore, it is of paramount importance to en- 
code those blocks with few bits.  A typical example will 
be readily mentioned, e.g., a white or insignificant block 

skipping method, where insignificant blocks are repre- 
sented by runllength codes. 

However, run-length coding is not necessarily suitable 
for coding of transform coefficients, since significant 
(nonzero) coefficients tend to appear in the vicinity of dc 
and/or low frequency components resulting in short i-uns 
of zero coefficients, e.g., 11.6 on the average. There will 
be  a suitable encoding method for zero coefficients in these 
blocks. 

A .  Block  Addressing 
Two different methods can be mentioned to express the 

location of significant blocks as exemplified in Fig: 5(a). 
One is  a method which employs iun lengths of significant 
(Rb) and insignificant (Rw) blocks at first, then encodes 
coefficients information in significant blocks as shown in 
Fig.  5(b).  For  example,  this process is carried out on a 
block line basis. A block line is a  line of blocks, consist- 
ing of N scanning lines if the vertical dimension of the 
blocks is N lines. In this block addressing method, a 
block-line delay is needed for transform coefficients as a 
delay compensation buffer. 

According to simulation results obtained from the  typ- 
ical video conference sequences,  an  average run length of 
significant blocks ranges from 2.5 to 4.5 blocks, and that 
of insignificant blocks ranges from 5.5 to 7.0 blocks. A 
part of the run-length distribution for significant and in- 
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TABLE 11 

BLOCKS 
A PARI‘ Ob‘ RUN-LENGTH DISTRIBUTION OF SIGNIFICANT  AND  1NSlGNlFlCANT 

(%) 

significant blocks is shown in Table 11. Mean run lengths 
of significant and insignificant blocks were 3.2 and 5.9,  
respectively. In designing a Huffman code set for practi- 
cal use,  code lengths are usually a few bits or  longer. Ap- 
proximately, the information rate for significant blocks 
will ,be around one  bit/block. 

Therefore, run-length coding is not considered to be ap- 
propriate for representing the run lengths of significant 
blocks. An alternative is exemplified in Fig.  5(c), where 
significant blocks are encoded one by one with Rb ( 1 bit) 
for distinction of significant and insignificant blocks. The 
code Rb represents that the current block is significant. 
Coded coefficients are arranged right after Rb except at 
the first significant block after insignificant block(s). This 
facilitates hardware implementation since  the variable 
word-length coding is carried out on a block-by-block ba- 
sis.  This method needs only a  one-block.  delay. 

B.  Coeflcients Coding 
In the transformed picture subblocks,  the  occurrence 

probability of zero-level signal is very high in high fre- 
quency coefficients. Using this property, efficient variable 
word-length coding can be  achieved. 

Fig. 6 shows the mean length of effective scanning from 
the beginning of each block to the  last nonzero coefficient 
when zigzag scan is employed.  “Zigzag  scan” is a 
method to scan from lower (upper left) to higher coeffi- 
cients (lower right) across  a diagonal axis as shown in 
Fig.  7(a).  For  a significant block ratio ranging from about 
10-60 percent, mean length was about 10-30 pels.  This 
indicates that after  the  last nonzero coefficients, there are 
zero-coefficient runs whose lengths are about 30-50 pels 
when the block size  is assu’med to be 8 pels by 8 lines. If 
these zero coefficients can be represented by a several-bit 
code, very efficient VWL can be realized. 

In the following discussions, four variable word-length 
coding methods are compared using the zigzag scan only 
for significant blocks in which one or more nonzero coef- 
ficients are  included. 

Basic  (Reference)  Method: Method A [Fig. 7(a)]: 
Zigzag scanning is applied to all  the coefficients within a 
block, in conjunction with run-length coding for zero coef- 
ficients as well as Huffman coding for nonzero ones. It is 
well known that zero-coefficient run (zero run) becomes 
longer in the high frequency part and coding performance 
is more effective when diagonal zigzag scan is used.  The 
information amount for nonzero coefficients is the  same 
even if other scanning methods are employed. 

Let us assume that the occurrence probability of non- 
zero coefficients be Pb and the entropy value be Eb which 
is calculated from the distribution of nonzero coefficients. 
The entropy /pel of nonzero coefficients is given by Pb * 
Eb. In addition, it is assumed here that the locations of 
zero and nonzero coefficients are run-length coded and 
followed by nonzero coefficient values. 

Entropy per pel by method A is given by 

(3.i) 

where, E / R  is a mean run-length entropy value/pel for 
zero and nonzero runs put together. Entropy E is calcu- 
lated from the combined distribution of zero and nonzero 
runs, R being a mean length. 

Zone Coding [Method B, Fig. 7(b)]: “Zone” is a min- 
imum rectangle including dc coefficient and all nonzero 
coefficients [31]. There  are 64 kinds of zones with a min- 
imum size of 1 * 1 and a maximum size of 8 * 8. Zigzag 
scanning is assumed within this  zone. Run lengths of zero 
coefficients can be expected to be much shorter and the 
number of runs can be much less than method A,  resulting 
in a  smaller information rate for  runs.  The zone index 
showing which zone is selected must be transmitted. 

Entropy per pel by method B is calculated by 

- * - + + + P b * E b  
Er Bz Ez 
Rz Bs Bs 

where entropy Er is calculated from a combined distri- 
bution of zero and nonzero runs within the  zones. Rz is a 
mean  run length within the zones. Ez represents entropy 
calculated from the zone occurrence  distribution. Bs rep- 
resents a block size, Bz represents an average.zone  size. 
The first term gives run-length entropy/pel,  the second 
term gives the  entropy/pel  for  the zone index information 
to be transmitted. 

Alternative  Methods: Two  alternative methods differ- 
ent from zone coding method are considered here. In these 
methods, the last  zero run immediately after  the  last non- 
zero coefficient has appeared in each block is not trans- 
mitted, while information indicating the  last nonzero coef- 
ficient is transmitted. When the last zero run is long, high 
efficiency is expected. 

i) Scan Length  Transmission [Method C, Fig. 7(c)]; It 
may be better to encode  the scan length, e.g., the number 
( N  ) of nonzero coefficients in each block to indicate that 
the encoding has finished for.  the block [3 11.  

Entropy per pel  by this method is given by 

- * - + + + P b * E b  En Bn Esc 
Rn Bs Bs (3.3) 

where a distribution of zero and nonzero runs excluding 
the last zero run  in each block is used for  calculation. 
Entropy En and a mean run length Rn are calculated using 
the distribution. Bn represents the scan length from the 
beginning of a block to the  last nonzero coefficients or the 
number of coefficients which is actually scanned. Esc rep- 
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S i g n i f i c a n t  Block R a t i o  

Fig. 6 .  Mean  length  from  beginning  to  last  nonzero  coefficient. 

7gg 
?& 7g 
pael Entropy per pel by this method (method D) is given by 

Ee Bn 
- * - + P b * E b  
Rn Bs (3.4) 

I - -___________ -1 
where a combined distribution of zero runs, nonzero runs, 
and the  last nonzero runs discarding the  last zero runs in 
each block are used for  calculation. Ee is an entropy 
value calculated from the combined distribution. A mean 
run length Rn and Bn are the same as those used  in (3.3). 

The last term Pb * Eb of (3.1 )-( 3.4) has the same value 
for all the methods since entropy of nonzero coefficients 
does not depend upon scanning methods. Therefore, the 
entropy values excluding the last term show the differ- 
ence in  efficiency when the  four different variable word 
length coding methods are  employed. 

(a)  (b) 

e' 

v. EXPERIMENT ON ENTROPY CODING OF TRANSFORM 
COEFFICIENTS IN SIGNIFICANT BLOCKS 

In order to compare the coding efficiency of the four 
methods described in Section IV, an experiment was car- 

(C) (d) ried out for actual motion video sequences.  For simula- 
Fig. 7. Four  variable word length  methods.  (Dots  represent  significant 

coefficients.)  (a)  Basic  (zigzag).  (b)  Zone.  (c)  Number  of  significant  coef- 
ficients ( N ) .  (d) End  of  block  (EOB). 

resents the entropy calculated from the distribution of a 
nonzero coefficients number in each block. Bn is a mean 
value of this distribution. The first term gives run length 
entropy/pel, the second term gives the  entropy/pel of in- 
formation indicating the end of scanning, i.e., the number 
of nonzero coefficients. 

ii) End of Block Code Transmission [Method D,  Fig. 
7(d)]: Right after the last nonzero coefficients, EOB (end 
of block) code is added to indicate that scanning is fin- 
ished in the block [23]. 

tion purpose, the four motion video sequences were  used 
as in the motion vector encoding part. Block size is 8 pel 
by 8 lines. 

Source data are encoded in the hybrid coder shown  in 
Fig. 1 .  Quantizer characteristics for coefficients are show~n 
in Fig. 8. Step size is represented by S. Three different 
step sizes ( S  = 4, 8,  12) were used in the experiment. 
There are +69 levels and a zero in each quantizer char- 
acteristic. When S is chosen to be 8,  the average infor- 
mation rate was 300  kbits/s to transmit 15 frames of the 
moderate video sequences in a  second.  For  a value of S 
from 10 to 12,  the rate was about 300  kbits/s in trans- 
mitting 10 frames of the  active and or split-screen se- 
quences. 
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(bi t / p e l )  

output I 

3 

4 5  Input X 

Fig. 8 .  Quantizer characteristics. (Step size  is denoted by S. 139 levels: 
569  + zero). 

A .  Comparison in Terms of Entropy 
In Fig. 9 simulation results about the  four VWL meth- 

ods are shown. The vertical axis represents entropy value 
(bit/pel) and the horizontal axis significant block rate 
(percent). The  three different quantizers were applied to 
each of the video sequences. In calculating the entropy 
values defined by ( 3.1 )-( 3 .4 ) ,  insignificant blocks are 
excluded. 

For method A ,  the information rate was higher than the 
other three  methods. Entropy of method B (zone coding) 
was slightly higher than the  two  other methods C and D 
.(about 1-6 percent)  for  all  the pictures and quantization 
step sizes.  This is because the  last zero run is always 
coded. According to Table 111, the number of coded ze- 
ros was 56.8 for method A ,  while the number for  other 
methods was about 20 or less. 

Efficiency  of methods B and C is nearly equal. If “over 
head information” which indicates zone or the number of 
significant coefficients is excluded,  the information rate 
by method B is smaller than method C or D ,  since zero 
coefficients coded in method B were fewer than in method 
C or D as shown in Table 111. The mean number of coef- 
ficients (zero and nonzero) coded in method B was smaller 
by about 5-30 percent than in method C or D, while every 
method generates the  same number of nonzero coeffi- 
cients.  However,  over head information rate in method B 
was slightly higher than that in method C or D. 

B. Comparison in Terms of Practical  Codes 
Comparison was also made using practical Huffman 

codes designed for each method. These codes were de- 
signed using the distribution in the calculation of (3 .  l )- 

In methods B ,  C, and D ,  mean lengths of zero coeffi- 
cient runs were about three to five as shown in Table 111. 
The practical Huffman code length is usually equal to or 
greater than three bits when a one-bit codeword is re- 
served.  This shows that it is not advantageous to employ 
run length- coding for  zero coefficients. It is practically 
suitable to assign one  bit, i.e., the reserved 1-bit code  for 
a zero coefficient. 

(3 .4) .  

Picture 4 Picture Method D 

0 .9 

0 20 . 40 60 % 

Significant  Block  Ratio 

Fig. 9. Coding  performance  comparison. (See  Fig. 7 . )  (Three different 
quantizers  are used, i .e . ,  S = 4, 8 ,  and 12. overhead  information is 
included. 1 

TABLE 111 
CODING PERFORMANCE COMPARISON FOR FOUR  METHODS. (SEE FIG. 7.)  

(NONZERO LEVEL INFORMATION Is NOT TAKEN INTO ACCOUNT.) 

(bit) 

( EOBt : 4 b i t s  for EOB code and 1.3 bits due to 
the mean code length increase.) 

Overhead information amounts in methods B,  C ,  and D 
are  also shown in Table 111. Here,  the overhead infor- 
mation of method B represents zone  index, which is coded 
with a fixed length code  since  the distribution of zone  in- 
dexes was almost uniform.  Since there are 64 kinds of 
zones, 6 bits were assigned for  the overhead information. 
In method C ,  the number of nonzero signals is the over- 
head information. In method D ,  the EOB code is the over- 
head information and was represented with 4 bits.  The 
overhead information amount in method D was 5.3 
bits/block. This increase from EOB ( 4  bits) is due to the 
modification of Huffman code resulting from the inclusion 
of EOB in the coefficient distribution. 

In Fig. 10, the total information amount (excluding 
nonzero level code) per block is shown for each method. 
Method A produced the highest information rate, and then 
D,. C ,  and B .  

This comparison result is a  little different from that in 
entropy value comparison.  This is because one bit is as- 
signed for each zero coefficient within effective scanning 
areas in methods B ,  C ,  and D. In practice,  one bit is 
needed to represent a  zero unless run-length coding is em- 
ployed. In method B ,  least zero signals were coded. Al- 
though there was little information rate difference among 
the three methods, method B produced least information 
rate. In  addition, method B transmits zone information 
which can be used for adaptive quantization of transform 
coefficients as well as  for selecting a  suitable scanning 
method in coding the’coefficients within the zone. 
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L 

Method 
A 

( r u n   l e n g t h )   ( z o n e )  (N) 

Fig. 10. Total  amounts  of  codes  for  four  methods.  (Nonzero  level  infor- 
mation  is  excluded.) 

Therefore, method B (zone  coding) seems to  be most 
promising.  Essentially,  this  indicates  that a method en- 
closing nonzero coefficients with the  least  number of ze- 
ros  is effective. 

For  further efficiency improvement,  there will be a pos- 
sible combination of zone method and  number or EOB 
method. In  addition,  employment of multiple scanning 
orders in horizontal,  vertical,  zigzag,  and  other scanning 
directions will be effective if they are appropriately ap- 
plied to nonzero transform coefficients. Optimization of 
the Huffman code  set  also helps information  amount re- 
duction. 

VI. CONCLUSION 

Without an efficient entropy coding algorithm, low bit- 
rate transmission at a subprimary rate or below  would be 
impossible.  In  this  paper, a practical entropy coding al- 
gorithm for  low bit-rate motion video transmission has 
been discussed  for a hybrid scheme of  motion-compen- 
sated interframe prediction and transform  coding. 

For  the motion vector  encoding  method,  it is advanta- 
geous to employ a common one-dimension1 VWL  code 
set  for both horizontal and vertical components. As for 
coding the coefficients, it  is advantageous  to  combine a 
block addressing (insignificant block skipping) method to 
represent locations of significant blocks, and a smallest 
zone method in which nonzero coefficients in significant 
blocks are encoded with minimum zero coefficients en- 
closed by the  zone. Coefficient values are Huffman coded 
with a minimum length of one  bit. 
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