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ABSTRACT 

Video communication has advanced significantly over the last decade. Low bit 

rate video coding and low cost packet switching network access have made video 

communication practical and cost-effective. CCITT has recommended a compression 

standard (H.261) with a rate of px64 Kb/s for p — 1 to 30. The key elements of 

H.261 are: (1) interframe compensation, (2) motion compensation, (3) discrete cosine 

transform (DCT), (4) quantization, and (5) coding. For interframe compensation, 

only the difference of two consecutive frames is transmitted. In motion compensa

tion, a spatial displacement vector is derived. DCT is used to convert spatial data 

into spatial frequency coefficients. All transformed coefficients are quantized with 

uniform quantizer for which step size is adjusted according to the buffer occupancy. 

Quantized coefficients are encoded using both fixed and variable length coding. At 

the decoder, the inverse operation of compression is performed. In this thesis, a 

detailed description of H.261 and its implementation in software are provided. 



14 

CHAPTER 1 

Introduction 

1.1 Background 

Video communication has advanced significantly over the last decade. There are 

two important technological advances that make cost-effective video communications 

no longer a dream. They are low bit rate video coding and low cost packet switching 

network access which has expanded from wide area networks to local area networks 

(LANs) [13]. Today, Ethernets (a LAN) are widely used in industry and university 

campuses. The development of low bit rate video coding has made it possible to 

transmit video signals of various applications: such as video conferencing, picture 

telephone, and remote classroom teaching over low cost LANs. 

Low bit rate coding for video compression is the first step in transmitting video 

signals over a low speed LAN. Since the bit rate of a directly digitized video signal 

is very large (several hundred Mb/s), it is expensive or even impossible to provide 

video communication for ordinary users [4]. To reduce the bit rate, compression or 

source coding which removes the source redundancy becomes essential [7]. 
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A number of compression techniques have been developed recently: (1) the Joint 

Photographic Experts Group (JPEG) standard for still picture compression, (2) the 

Consultative Committee for International Telegraphy and Telephony (CCITT) Rec

ommendation H.261 for video conferencing, and (3) the Moving Pictures Experts 

Group (MPEG) for full-motion compression on digital storage media (DSM) [5]. The 

CCITT's standard uses a constant bit rate video compression code at the bit rate from 

64 Kb/s to 30x64Kb/s [1]. The flexibility to operate at various bit rates makes H.261 

suitable for transmission over T-carriers or even LANs [13]. Important compression 

techniques in H.261 include: motion compensation, interframe compensation, quanti

zation, and discrete cosine transform (DCT). H.261 adapts its quantization step size 

according to the buffer occupancy to achieve a constant bit rate. The DCT transform 

in H.261 exploits the psychophysics of the human visual system since the eye is more 

sensitive to low frequency signals than high frequency signals [7]. Since eyes are also 

more receptive to brightness (luminance) than colors (chrominance), H.261 encodes 

luminance at a higher resolution than chrominance [5]. 

1.2 Thesis Motivation and Objective 

In this thesis, we use the specified algorithm from CCITT H.261 to implement 

H.261 in software. The motivation of this work is to support the research work of 

video communications over Ethernets. An output buffer read at a constant rate is 



16 

simulated in the implementation for the constant bit rate. This implementation is 

external to H.261. 

From software implementation we investigate the picture quality versus compres

sion ratio or the bit rate. This quantitative analysis is important for us to compare 

the recovered image with the original one and to determine the bit rate of transmis

sion over Ethernets. The analysis includes signal-to-noise ratio, root mean square 

error calculation, and subjective comparisons. The concentration of the thesis will 

be on the dynamic influence of buffer fullness on video quality and on interframe 

processing. 

1.3 Thesis Outline 

In the remainder of this thesis, Chapter 2 provides the background of video com

pression and discusses in detail CCITT Recommendation H.261. In the standard, 

color components (R, G, B) are converted into intensity (Y) and two colors (U, V). 

A video frame is divided into two dimensional blocks based on which motion and 

interframe compensation, DCT, zig-zag scanning, quantization are performed. To 

maintain a constant bit rate, the quantization step size is adapted to avoid buffer 

overflow or underflow. 

In Chapter 3, we discuss in detail the software implementation. We will describe 

the program structure for the compression and decompression and point out imple

mentation aspects. 
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Chapter 4 is devoted to comparing and explaining results obtained from the soft

ware simulation. For each frame, the number of different types of blocks, the average 

quantization step size, buffer occupancy, total number of compressed and header bits, 

root mean square error for Y, and signal-to-noise ratio for Y, U, V are recorded. The 

number of compressed bits per block in addition to the number of zero/non-zero coef

ficients are also analyzed in the chapter. The importance of the step size adaptation 

is also studied at different transmission rates by comparing recovered images with 

the original one. 

In Chapter 5, we discuss future prospects of H.261 and other video coding tech

niques for video communications over packet switching networks. 
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CHAPTER 2 

Background of H.261 Standard 

CCITT Recommendation H.261 is a constant low bit rate video compression stan

dard. It operates at a rate of px64-Kb/s, where p is in the range from 1 to 30. Since 

this standard falls into the category of lossy compression [5], it cannot reconstruct 

the original picture. In this chapter, we discuss the basic concepts of H.261 coding 

[1][2] and [3]. 

2.1 Video Input Format 

The video format input to the H.261 coder is illustrated in Figure 2.1. Each video 

frame has 288 lines and each line has 352 pixels. Each pixel has its luminance (Y). 

Since human eyes axe less sensitive to colors than to luminance [5], color information 

does not require the same high resolution as the luminance. Therefore, in H.261, 

every four pixels use one common chrominance pair U and V. 

In many applications, color pixels are represented in Red-Green-Blue (RGB). The 

relationship between RGB and YUV is [12]: 

Y = 0.326R + 0.578G + 0.096B (2.1) 
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352 

288 

176 176 

144 144 

Figure 2.1: Significant Pel Area for Y, U, V 

U  =  B - Y  ( 2 . 2 )  

V  =  R - Y  ( 2 . 3 )  

In our studies, our original images have 24 bits for each pixel or one byte for each 

R, G, B. Therefore, each original color has 28 = 256 different levels. From the above 

equation, Y is in the range from 0 to 255, and U and V are in the range from -255 

to 255. 

Computation of YUV from RGB is illustrated in Figures 2.2 and 2.3. Y of each 

pixel can be computed directly from the RGB of the pixel by Eq. (2.1). However, 

since each U and V pair is shared by four pixels, to compute it, we need to first 

take average of RGB and Y of every four pixels. This is illustrated in Figure 2.3. 

Specifically, let each xmn represent a R, G, B, or Y signal of the pixel at position 



X Luminance (Y) 
O Chrominance (U, V) 

Figure 2.2: Positioning of luminance and chrominance pixels 
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( m , n ) ,  a n d  l e t  Z i i  b e  t h e  a v e r a g e  o f  f o u r  a d j a c e n t  x ' s .  F o r  e x a m p l e ,  Zoo is given by 

Zoo — j [®oo + ®oi + ®io + ®n] (2-4) 

where x can be R, G, B or Y 

Z can be Ravg, Gavg, Bavg or Yavg 

With these average values computed, we have 

U = Bavg —Yavg (2.5) 

V = Ravg —Yavg (2-6) 

Since U and V have half of the resolution in each dimension, for a 8x8 RGB block, 

the corresponding U and V blocks are only 4x4. 

In H.261, each video frame is partioned into small two dimensional blocks as 

illustrated in Figure 2.4. One frame has 12 (6x2) blocks called groups of blocks 

(GOB). Each GOB consists of 33 smaller blocks in three rows (3x11); these smaller 

blocks of 16x16 pixels are defined as macro blocks. Therefore, a macro block has four 

Y, one U and one V 8x8 blocks. In one H.261 frame, we have 22x18 macro blocks. 

A block of 8x8 pixels is called a sub-block or basic block. 

The format described for H.261 coding is called Common Intermediate Format 

(CIF). Necessary conversions from any other input format to the CIF is not subject 

to CCITT's recommendation. 



22 

1 2 

3 4 

5 C 

7 8 

» 1* 

11 12 

Group of blocks in a frame 

1 2 3 4 5 « 7 8 • 10 11 

12 13 14 15 1< 17 18 1» 20 21 22 

23 24 25 2< 27 28 2» 34 31 32 33 

Macro blocks in a group of block 

16 

16 

Y U 

Basic blocks in a macro block 

Figure 2.4: H.261 frame structure 
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2.2 Compression Algorithm 

H.261 coding can be understood from the block diagram illustrated in Figure 2.5. 

Its consists of mainly the following functional blocks: interframe and motion compen

sation, Discrete Cosine Transform (DCT), quantization, and variable length coding. 

They are explained in detail below. 

2.2.1 Interframe Compensation 

Since two consecutive video frames can be very similar, it is efficient to encode only 

the difference. This differential coding is called interframe compensation. However, 

when there is a scene change, this differential coding may not be a good choice. In 

H.261, there is an algorithm that decides whether differential encoding is used or not. 

The decision is performed for every macro block. Two variances (VAR and 

VAROR) are compared in the intra/inter mode characteristic function, shown in 

Figure 2.6. From four Y basic blocks (16x16) of a macro block, the variances are 

computed as follows, 

VAR = oTF ££ [Ye( a r , v ) -  V p ( a r , y ) ] 2  

^0D i=0y=0 

j 16 16 
(2.7) 

1 16 16 i 16 16 
2 

(2.8) 

where 

Yc ( x , y )  = Y pixel in the current macro block 

Yp(x,y) = Y pixel in the previous macro block 
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Figure 2.5: Block diagram of H.261 compression method 
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VAROR 

INTRA 

• 

0.00 30.00 64.00 ISOJOO 
VAR 

Figure 2.6: Characteristic of intra/interframe compensation 

x,y = pixel indices 

A macro block is in intra mode if it is directly encoded, while a macro block is in 

inter mode if its difference from the corresponding macro block in the previous frame 

is encoded. H.261 exploits compression in both space and time. Compression in space 

is defined as intraframe and compression in time is called interframe compression [5]. 

Whenever an intra macro block is found, the data are always transmitted for all six 

basic blocks in the macro block even when the data are all zero. 
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2.2.2 Motion Compensation 

In interframe compensation, two macro blocks of the same location in two con

secutive frames are compared. Since it is likely to have motion in video, motion 

compensation takes another step to include a possible spatial shift. This spatial shift 

is called the motion vector in motion compensation. Although motion compensation 

looks attractive, it is difficult to implement in high speed. Therefore, it is only an 

option and not required by H.261. 

A three-step algorithm is suggested by H.261 for motion compensation. For one 

16x16 Y block in the current frame, we compare it with a 30x30 search window 

(SW) of the previous frame. This is illustrated in Figure 2.7. Therefore, we can 

'move' the current 16x16 Y block by ±7 pixels in each direction to find the best 

match. If the current block is at the corner or edge of the current frame, the SW will 

be reduced to be bounded by the frame. 

The three-step algorithm is described below. At the first step, a displacement of 

±4 or zero is considered for each direction. There are nine such possibilities. We 

compare which is the most similar to the current 16x16 block. Once we find the best 

match, the second step is to take another ±2 displacement in each direction from the 

best match point. Again, there are nine such possibilities. We find the one that most 

matches the current one. The last step takes another ±1 displacement from the best 

match point in step 2. In each step, the comparison of the current block with the 

nine blocks follows a specific order, given in Figure 2.8. 



• Block from current frame 

Ullll Block from previous frame 

ure 2.7: Search window and a current block 

2 3 4 
5 1 6 
7 8 9 

Figure 2.8: Block comparison order 
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Figure 2.9: Example of 3.step-algorithm 

An example of this three-step algorithm is illustrated in Figure 2.9. At the first 

step, we have (4,0) displacement is the best match. At the second step, we have (2,2) 

displacement from the center (4,0) as the best match. Therefore, the new center 

is (6,2). Finally, at the third step, we have (1,1) shift from (6,2). Therefore, the 

combined motion vector is (7,3). 

To find the best matching at every step in the three-step algorithm, we need a 

criterion that selects the best displacement. This is based on the mean square error 

calculation: 
16 16 

(2.9) M S E  = bd2(s[x, y], i) 
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where bd(...) is the block difference given by, 

bd(s[x, j/], t) = b(s[x, 3/], t) - b(s[® + a, y + 6], t — r) (2.10) 

with 

b(s[a:,j/], i) = block in the current frame 

b(s[a; +  a , y  +  b ] ,  t  —  T )  =  block in the previous frame 

x , y  —  pixel indices 

a, b = possible displacements 

= —4,0,4 in step 1 

= -6,-4,-2,0,2,4,6 in step 2 

= —7,... 0,... 7 in step 3 

Out of all possible displacements (a, b) for a macro block, a particular one (a = 

D x , b  =  D y )  gives the minimum block difference (i.e. the minimum M S E ). This 

bd(...) can be defined as the displaced block difference, 

dbd(s[x, y ] ,  t ,  D ) = b(s[a:, y], t )  -  b(s[x + D x ,  y  +  D y \ ,  t -  t )  (2.11) 

with 

D = motion vector 

D x ,  D y  =  vector components in the x  and y  directions 

The orthogonal block difference is, 

obd(s[®,y], t) = bd(s[a;,j/], *)|a=t=o (2.12) 
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y«ldbdJ£So 

y =x/l 
MC on 

xsfofadl/256 

Figure 2.10: Characteristic of motion compensation 

Two sums of absolute diflferences concerning to all 16x16 pixels are evaluated for 

motion/no motion compensation comparison purposes. 

16 16 

|dbd| = |dbd(s[x,y], t , D ) \  
x=0y=0 

16 16 

|°bd| = |obd(s[x,y], t)| 
x=0y=0 

(2.13) 

(2.14) 

If these parameters lie in the shaded area in Figure 2.10, motion compensation will 

be used. Otherwise, no motion compensation will be used. 

The motion vector derived from the above discussion is purely based on luminance 

Y blocks. For U and V blocks, the integer portion of half the spatial displacement is 
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used. For example, 

vector for luminance => vector for chrominance 

( 3,2) =» (1, 1) 

(-5,-6) —(-2,-3) 

Since consecutive macro blocks can have very similar motion vectors, differential 

coding is also used to encode motion vectors. In other words, instead of transmitting 

motion vectors directly, their difference are transmitted. A variable length coder is 

used to minimize the number of bits for this. 

2.2.3 Discrete Cosine Transform 

Since most information is in the low spatial spectrum domain, H.261 uses two 

dimensional discrete cosine transform (DCT) to encode spatial frequency data instead 

of spatial data. Unlike motion and interframe compensation schemes, DCT operates 

on basic blocks (8x8). It takes one basic block at a time and transforms it into a 

8x8 block of spatial frequency coefficients. The two dimensional DCT and inverse 

DCT are defined as: 

1 77 

BD(s[tt,u], t) = - C(tt) C(v) 5Z H bd(s[z,J/], t) cos 
x=0 y=0 

(2.15) 

iru (2® + 1) 
16 

cos 
7 r v  ( 2 y  +  1 )  

16 
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with u, v = 0, 1, 2, ... 7 

i r v ( 2 y  + 1 )  

(2.16) 

with x, y = 0, 1, 2, ... 7 

where 

bd(s[a:,i/], <)'s are spatial pixel domain data 

BD(s[u,u], <)'s are spatial frequency domain data 

x, y = spatial coordinate in the pixel domain 

u,v = coordinates in the transform domain 

C(it) = l/y/2 for u=0, otherwise 1 

C(i>) = l/\/2 for v=0, otherwise 1 

The spatial frequency coefficients BD(s[u,u], t) after DCT are rounded off and 

clipped to the range from -2048 to +2047. This range of output is represented by 12 

bits. When input data to the DCT is in the intra mode (no motion or interframe 

compensation), the first coefficient (u = 0, v = 0) of the 64 spatial frequency coef

ficients is the DC term or average of the spatial data of the block. Since this DC 

term in each Y block represents the average luminance of the block, it is usually the 

most important information. The other 63 coefficients represent the AC terms at 

different spatial frequencies. That is, they give "the strengths" for signal terms with 

bd(s[z,i/], t) = j C(u) C(u) BD(s[u,u], t) cos 
4 u=0v=0 

ttu(2X + 1) 

16 
cos 
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Figure 2.11: Zig-zag scanning 

increasing horizontal frequency from left to right and for terms with increasing verti

cal frequency from top to bottom [5]. To distinguish the DC terms and AC terms in 

the subsequent discussion on quantization, we call all coefficients in the inter mode 

and all AC coefficients in intra mode (see figure 2.15) as non-intra DC coefficients, 

and all DC coefficients in the intra mode as intra-DC coefficients. 

2.2.4 Zig-zag Scanning 

To convert two dimensional basic blocks from DCT output into one dimensional 

data, zig-zag scanning is used. The scanning pattern is given in Figure 2.11. To a 

certain extent, this scanning arranges transformed coefficients in an ascending spatial 

frequency order [5]. 
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Since most information is in the low spatial frequency domain, the probability of 

having non-zero coefficients at the low frequency range is higher than that at the 

higher frequency range. Therefore, there is a high probability that we have non

zero coefficients at the beginning of the zig-zag scanned sequence and many zero 

coefficients (after quantization) in the rest of the sequence. This allows us to use 

efficient variable length coding to encode these spatial coefficient data. 

2.2.5 Quantization 

After zig-zag scanning, one dimensional coefficients are quantized with a uniform 

quantizer. Quantization is a process that maps coefficients into a set of discrete levels. 

This reduces the total number of bits to represent these coefficients, yielding further 

compression. As recommended by H.261, all coefficients except the intra-DC can be 

quantized with one of 31 different quantization step sizes, depending on the buffer 

occupancy level. Since intra-DC coefficients carry the most important information, 

they are always quantized at step size equal to 8. This is illustrated in Figure 2.12, 

where g is the quantization step size. Note that intra-DC terms are always positive 

because they represent the absolute energy at the zero frequency; on the other hand, 

non-intra DC coefficients can be negative. Quantized intra and non-intra DC terms 

are clipped if they exceed their range from 1 to 255 and from -128 to 127, respectively. 

After quantization, if all quantized terms of a basic block are zero, the basic block 

is declared as non-coded, or fixed block. If all six basic blocks in a macro block are 
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Figure 2.12: Quantization characteristics 
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non-coded, the macro block is declared as non-coded; otherwise, the macro block is 

called coded (non-fixed). Macro blocks in intra mode are always considered to be 

coded even if all data are zero. 

Smaller quantization step size for the intra-DC coefficient generates more bits than 

the larger step size values for non-intra DC terms. More bits are required to represent 

the fine detail of the lower frequency terms than higher frequencies. 

For non-intra DC terms, the 31 possible quantization step sizes vary from 2 to 62 

of step 2. Adaptation of quantization step size is only allowed at the beginning of 

every GOB row. The quantization adaptation is based on the buffer occupancy of 

compressed bits. Specifically, we have the following formula: 

step size = 2 * INT(buffer occupancy/[200 * p]) + 2 (2-17) 

where 

INT = the integer part of ( ...) 

buffer occupancy = the number of bits presently in the buffer 

In (2.17), step size also depends on p. Higher values of p make step size smaller. This 

happens because a large p allows more bits for transmission making image resolution 

better than a small p. If step size is higher than 62, it is clipped to 62. Similarly, if 

step size is smaller than 2, it is clipped to 2. 

When the quantization step size is changed, the new step size needs to be sent to 

the receiver. Since the step size can be changed only at the beginning every GOB 

row, the step size is sent at the first coded block of every GOB row. This is illustrated 
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Figure 2.13: Step size adjustment and transmission in a GOB 

in Figure 2.13. Parameters GQUANT (in the first GOB row) or MQUANT (in the 

second or third GOB row) in Figure 2.17 are used to carry the step size. This will 

be explained in detail in the compressed output data format section. 

2.2.6 Buffer Occupancy Control 

Since H.261 is a constant bit rate coding, buffer occupancy is a key parameter 

that indicates the compressed bit rate. If the average compression bit rate is equal 

to the transmitted bit rate, the buffer occupancy should stay around a constant. 

On the other hand, if the average compression bit rate is higher or lower than the 

transmission rate, the buffer occupancy will become higher or smaller, eventually 

causing over or underflow. 
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In the H.261 standard, buffer size is defined to be (256*p+256)*1024 bits. To con

trol the buffer occupancy, we have mentioned that the quantization step size will be 

adapted according to the occupancy. When occupancy is high, a larger quantization 

step size is used. This results in fewer compressed bits or lower average compression 

bit rate. In the event of overflow, the coefficients and the motion vectors are set to 

zero for the next macro block. 

2.2.7 Coefficient Coding 

For every block of 64 zig-zagged and quantized coefficients, fixed-length coding 

is used for the first intra-DC term (if not in the inter mode), and run-length coding 

is used for the remaining coefficients. This run-length coding is illustrated in Fig

ure 2.14. In this coding, an event is a subsequence in the zig-zag scanned sequence 

where only the last coefficient is non-zero. Therefore, an event can be represented by 

a pair of (run, level), where run is the number of zeros in the subsequence, and level is 

the quantized coefficient of the last coefficient. Since DCT decorrelates spatial data 

[6], spectrum coefficients after zig-zag scanning and quantization can have a long run 

of zeroes especially in the high frequency range. After the last non-zero coefficient in 

the block is encoded, an End Of Block (EOB) marker is added to indicate the rest 

of the coefficients are all zero. 

Events of (run, level) are encoded by a combination of variable length (or Huffman) 

coding and fixed length coding. For events with high probabilities, they are encoded 
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3 —0 —0 0 0 0 0 0 
2 0 0 0 0 0 0 0 
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0 0 0 0 0 0 0 0 0 

EVENT = (RUN, LEVEL) 

Example: (0,3) (1,2) (7,1) EOB 

Figure 2.14: Example of events 

by variable length coding to minimize the number of compression bits in average. 

A table is used to map every such event to a unique codeword. For most events 

with small proabilities, they are encoded by fixed length coding. The format of fixed 

length is given below: 

1. Escape code: 6 bits for indicating the use of fixed-length codes 

2. Run: 6 bits 

3. Level: 8 bits 

Detailed variable length code tables for non-intra DC coefficients can be found in [1]. 

Encoding of intra-DC terms (marked by 'z' in Figure 2.15) is different from others, 

these coefficients will be encoded at a fixed length with 8 bits. H.261 specifies the 

special code 255 for the quantized intra-DC coefficient 128. Basically, whenever 128 

is found for intra-DC, it is transformed to 255 immediately in the encoding process. 
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Figure 2.15: Inter and intra macro blocks 

If the macro block is in the inter mode, its coefficients will be encoded as the other 

non-intra DC terms by the run-length coding. 

2.2.8 Frame Reconstruction 

Since H.261 uses interframe compensation, the encoded current video frame needs 

to be reconstructed back for the next frame encoding. Therefore, the compressed 

data needs to go through inverse quantization, inverse zig-zag, inverse DCT, and an 

optional low pass filtering. 
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The inverse quantization is based on the following equations. For intra-DC terms, 

we have reconstructed levels (REC-levels) as follows, 

step size=8 
REC-level = 8 * 128; if level = 255 

REC-level = 8 * level; otherwise 

where step size 8 is used for intra-DC terms. Therefore, inverse quantization simply 

multiplies each quantized level by 8 except intra-DC coefficient 255 (the special case). 

As we can recall, 255 is used for the actual level of 128. For non-intra DC terms, we 

have 

REC-level = QUANT * (2 * level + 1); level> 0 

REC-level = QUANT * (2 * level — 1); level< 0 

QUANT="odd" 

REC-level = QUANT * (2 * level + 1) - 1; level> 0 
; QUANT="even" 

REC-level = QUANT *(2* level - 1) + 1; level< 0 

REC-level = 0; level= 0 

where QUANT = step size/2 

In the above equations, REC-levels are clipped if they are out of the range [-2048, 

2047], which is required for inverse DCT. After inverse zig-zag and inverse DCT, 

the values of the transformed terms should be in -255 to 255 range; if they are not, 

clipping is enforced again. 

An optional low pass filtering is suggested by H.261 to remove artifacts from 

quantization noise introduced in compression process. The low pass filtering is a two 
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Figure 2.16: Filtering of a basic block with 121 filter 

dimensional filtering and it has a weighted coefficients of 1:2:1 in each direction with 

2 at the center. Specifically, as illustrated in Figure 2.16, we have 

PiWW = ^ (4Pa[i]U] + 2Pa[i - W] + 2Pa[i][j ~ 1]+ 

2Pa[i + l][i] + 2Pa[i]L? + !] + Pa[i - l][i ~ 1]+ 

Pa[i — l][j + 1] + Pa[» + l][i — 1] + Pa[i + 1][? + 1]) (2.18) 

PTWDI = ^ (8Pbl']b1 + 4Pb[>]U - !) + 4Pbl']l* + !]) (2.19) 

PBW^] = i5 (SPcWbl + 4Pc[i)U -1] + if Mi +1]) (2.20) 

PLWW = (8PdWI>l + «PdI'" - lM + 4Pd('' + !]M) (2.21) 

PRWD") = (SPeMb'J + 4Pe[i - 1][>] + 4Pe[i + ®D (2.22) 

PcWbl = PcMb'J (2.23) 

* 0 1 2 s 4 s • 7 

0 pc PT PT PT PT PT PT Pc 

1 PL p. pi pi PI PI PI fR 

2 PL pi pi pi PI PI PI PR 

i pl pi 

4 pl pi pi PI PI PI P* 
S PL pi pi pi PI PI P1 PR 

c PL »i *1 pI PI PR 

7 PC % PB PB PB PC 
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where 

Pa : Pc,Pi,Px,Pb>PL> or PR 

pb : PC or PT 

Pc : Pq or PB 

pd : PC or PL 

Pe : Pq or Pj^ in figure 2.16 

The reconstructed frame is stored in a previous frame buffer for processing of the 

next frame (see figure 2.5). The first previous frame in H.261 encoding is assumed to 

be dark or all zero. With the information of the previous frame, H.261 can perform 

motion and interframe compensation for efficient compression. 

2.2.9 Compressed Data Output Format 

Compressed data are formatted by adding necessary overhead bits such as the 

Picture Start Code (PSC) to indicate the start of a video frame. These overhead bits 

are necessary for the decoder circuit to recover the original video frames. 

Compressed data are formatted in four different layers. From the top, we have 

1. Picture Layer 

2. Group of Block Layer 

3. Macro Block Layer 
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4. Basic Block Layer 

Each layer consists of the header and encoded data. This is illustrated in Fig

ure 2.17. Each acronym in the figure is explained below. 

• PSC (Picture Start Code), 20 bits: 0000 0000 0001 0000 0000. 

• TR (Temporal Reference), 5 bits: it is formed by, 

TR = (prev. TR + 1) + (no. of F^t since the last Ft) 

Fnt non-transmitted frame 

Fj transmitted frame 

No. of Fatt is determined by outside means (CCITT's H.221). 

• PTYPE (Type Information), 6 bits: 

—Bit 1: Split screen indicator. "0" off, "1" on. 

—Bit 2: Document camera indicator. "0" off, "1" on. 

—Bit 3: Freeze Picture Release. "0" off, "1" on. 

—Bit 4: Source Format. "0" QCIF, "1" CIF. 

—Bit 5, 6: Spare. "1" unless specified otherwise. 

• PEI (Extra Insertion Information), 1 bit: 

—"0" when no PSPARE follows, 

—"1" otherwise. 

• PSPARE (Spare Information), 0/8/16... bits for future use, not defined yet by 

the CCITT. 
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Figure 2.17: Syntax diagram for H.261 video multiplex coder 
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GBSC (Group of Block Start Code), 16 bits: 0000 0000 0000 0001. 

GN (Group Number), 4 bits: indicating the position of the group of block. 

GQUANT (Quantizer Information), 5 bits: natural binary representation of 

QUANT = step size/2 

GEI (Extra Insertion Information), 1 bit: 

—"0" when no GSPARE follows, 

—"1" otherwise. 

GSPARE (Spare Information), 0/8/16... bits for future use, not defined yet by 

the CCITT. 

MBA (Macro Block Address), variable-length: this code indicates the position 

of a macro block within a group of block. Absolute address is assigned for 

the first macro block; for subsequent macro blocks, the differential address 

is adopted, as Figure 2.18 shows. The number of non-coded macro blocks 

preceding a coded macro block is defined as RAV in the figure, and the last 

string of non-coded blocks in a GOB is not encoded. The GBSC indicates the 

beginning of the next GOB. For the next GOB, address count begins all over. 

MTYPE (Type Information), variable-length: transmitted when MBA is trans

mitted. 
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RAV : Relative Addressing Value 

Figure 2.18: Macro Block Addressing 

• MQUANT (Quantizer Information), 5 bits: natural binary representation of 

QUANT as before; transmitted if MTYPE indicates its presence. 

• MVD (Motion Vector Data), variable-length: transmitted if motion compensa

tion in use. Differential motion vector is transmitted instead of absolute ones 

as described in section 2.2.2. 

• CBP (Coded Block Pattern), variable-length: transmitted when a coded macro 

block is in inter mode. This code is specified for the macro block's pattern 

number which is determined by, 

pattern number = 32 * Pi + 16 * P2 + 8 * P3 + 4 * P4 + 2 * P5 + P6 

where, P„ is 1 if basic block n is coded in a macro block, else 0. 
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• TCOEFF (Transformed Coefficients), variable-length data: always transmit

ted when a macro block is in intra mode; otherwise, transmitted according to 

MTYPE and CBP codes. 

• EOB (End of Block Marker), 2 bits: 10. 

2.3 H.261 Decoding 

The decompression process basically follows the inverse process of compression. 

The block diagram of decompression is illustrated in Figure 2.19. Comparing this 

with the block diagram of the compression circuit Figure 2.5, this decompression 

process is the essentially the same as the feedback path of the compression. 
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Figure 2.19: Block diagram of H.261 decompression method 
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CHAPTER 3 

Program Structure and Software Implementation 

With the understanding of H.261 coding, this chapter discusses the software im

plementation, which consists of encoding and decoding in two separate programs. 

3.1 Compression Program 

To perform software simulation, each run of the compression program processes 

one frame. In other words, the compression program compresses one frame at a time 

and stores the reconstructed frame as the previous frame for the next run. 

3.1.1 Program Input and Output 

Each time the program is run, it takes two input files and generates two output 

files. Two input files are: 

1. A raster scanned source file, the current video frame to be processed. This file 

is in the Graphics Interchange Format (GIF) [9], which needs to be converted 

to the CIF for H.261 processing; 
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2. A file of the previous image obtained from the previous compression run. It 

is compressed and decompressed from the previous image according to H.261. 

This input is used for interframe and/or motion compensation for the current 

frame processing. The data format in this file is stored in the macro block and 

GOB sequence. 

Two output files are: 

1. A compressed and formatted image of the current frame according to H.261 

coding. In reality, this file contains compressed data for transmission. 

2. A compressed and decompressed image for interframe and/or motion compen

sation of the next frame. Data in this file is also maintained in the macro block 

and GOB sequence. 

The relationship of the four files is illustrated in Figure 3.1. In the remaining of this 

section, we discuss important elements in the software implementation for compres

sion. 

3.1.2 Input Conversion 

As mentioned in Chapter 2, the H.261 coding algorithm requires input images in 

the CIF. Since the images we obtained are in the GIF, the input format conversion 

is done at the beginning of the compression program before any H.261 operation is 

performed. A GIF file contains headers and compressed image data. The compressed 
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Figure 3.1: Input and output for H.261 coder 

data is obtained from the Lempel-Ziv Welch (LZW) algorithm [10]. To reconstruct an 

image from a compressed GIF file, the GIF headers are removed first which consists of 

image dimension, global color map and so forth. After that, compressed image data 

is recovered according to the LZW decompression algorithm (into the RGB format). 

The RGB data are then formatted in the CIF as specified by H.261. 

3.1.3 H.261 Compression Program Flowchart 

The flowcharts of the compression program are shown in Figures 3.2 to 3.6. Some 

functional blocks in the flowcharts are performed by specific subroutines; whereas 

other blocks are implemented by defining equations or conditional statements. 
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3.1.4 Various Compression Routines 

The subroutines used in the compression program are briefly described below in 

parallel with the flowcharts of Figures 3.2 to 3.6. Operation of each subroutine is 

based on either basic blocks or macro blocks. 

1. get_curr_frame(): This routine in Figure 3.2 calls gif() which reads the input 

GIF image and generates CIF data (input conversion) in basic blocks for pro

cessing. After receiving a basic block of RGB from gif(), the data is trans

formed to YUV in this routine. A subroutine init.gifjead() is called before 

get_curr_frame() to get basic information such as the frame size of the GIF 

image. 

For the first frame, the previous frame is the zero or a "dark" frame. Hence, 

we set the previous frame data and buffer content to zero. If the current frame 

number is not one, the get_prev_frame() subroutine is used to get the previous 

frame (see Figure 3.2). 

2. get_prevjframe(): This routine reads the compressed and decompressed CIF 

image file of the previous frame. 

After get_prev_frame(), the compressed data occupancy is set to that at the 

end of previous frame. With this setup, the step size adaptation for the current 

frame can be continuous. We add the picture layer header as suggested by the 

H.261 algorithm. 
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Transmission Rate Parameter 

P 

Quantization Step Size 

8 

1 32 

6 16 

10 14 

15 14 

20 12 

30 8 

Table 3.1: Transmission Rate versus Quantization Step Size 

During the processing, at the beginning of every GOB, the step size is adjusted 

at the GOB layer according to the buffer occupancy. For the first GOB of the 

first frame, the step size is set from the Table 3.1. Then we add the GOB layer 

header as illustrated in Figure 3.3. 

At the beginning of the second or third row of a GOB, the step size is adjusted 

if necessary according to the buffer occupancy at the macro block layer. 

3. motion(): This subroutine in Figure 3.4 determines whether the current macro 

block should be processed in intra or inter mode. When an inter mode is chosen, 

the motion vector is calculated to determine if any motion compensation is 

needed. 
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4. dct-zz(): This subroutine does the DCT for six basic blocks in a macro block 

(refer to Figure 3.4). After that, it performs zig-zag scanning to give one-

dimensional data. Whenever a macro block is in the inter mode, dct_zz() trans

forms the difference of the current macro block from the previous macro block. 

If buffer content exceeds the buffer size, all transformed coefficients and motion 

vectors are set to zero. This helps to reduce the number of compressed bits to 

be produced after quantization and variable length coding. 

5. quantizationQ: After DCT, this routine takes 6x64 scanned coefficients of one 

macro block and performs quantization on the basic block basis. 

6. coef_vlc(): This subroutine in Figure 3.4 performs run-length and variable 

length coding on quantized coefficients for all six basic blocks in the same macro 

block. The number of data bits compressed from this subroutine is stored by 

the variable "mb_data". A pattern number is generated for each macro block. 

For example, if all the six basic blocks are non-coded, the pattern number is 

zero and the macro block is called non-coded. 

7. inv_transform(): Quantized data from dct jz() are reconstructed back for inter-

frame and/or motion compensation of the next frame as shown in Figure 3.4. 

This routine includes inverse quantization, inverse zig-zag and inverse DCT. 

The reconstructed image is stored in one of the two output files. 
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8. bits_to_packet(): Macro block header bits and compressed bits from coef.vlcQ 

are put into the packet buffer by this routine. Macro block header bits are 

generated by routines such as MBAQ for macro block addressing, MTYPEQ 

for macro block type, MQUANT0 for step size, MVDQ for motion vector, and 

CBP() for coded block pattern. Each routine is called if a macro block satisfies 

certain conditions as illustrated in Figure 3.5. For example, CBPQ is called 

only when a macro block is coded and in inter mode. 

In Figure 3.6, bits_to_packet() is called only for coded macro blocks because 

non-coded macro blocks have no bits to transmit. All bits are transmitted 

from the higher order bits, i.e., most significant bit comes first. Since the 

step size depends on compressed data buffer occupancy, the buffer occupancy 

is computed before processing each macro block. Encoding of one frame is 

complete whenever all macro blocks in the frame are processed. 

3.1.5 Buffer Simulation 

As mentioned earlier, H.261 coder maintains a constant bit rate of p x 64 Kb/s. In 

other words, the transmitter reads compressed bits from the buffer at a constant bit 

rate. Since the number of compressed bits per frame is random, the buffer occupancy 

is also random. To maintain a constant average input rate equal to the bit rate, buffer 

occupancy is used to adjust the input rate by adapting the quantization step size. 

Therefore, the buffer occupancy is an important variable in H.261 implementation. 
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To calculate the buffer occupancy at the end of every macro block, we use the 

following equation: 

current_buffer_occupancy = previous_bufferjoccupancy + mb input — mbjoutput 

(3.1) 

where 

mb input = mb.data + mb-header (bits) 

frame_rate = 30/ k  (frames / sec) 

mb_rate = frame_rate * 396 (mbs/sec) 

translate = p  * 64000 (bits/sec) 

mb.time = l/mb_rate (sec/mb) 

mbjoutput = trans-rate * mb.time (bits/mb) 

The parameter k  can be from 1 to 3. If k  =  3, it means the frame rate is 30/3 = 10 

frames per second. 

The H.261 coder checks the buffer occupancy at the beginning of every macro 

block processing to see whether it exceeds the buffer size. If it does, the macro block 

is forced to be a fixed macro block (i.e. quantized coefficients and motion vectors are 

all forced to zero). 

As mentioned earlier, at the end of a frame processing, the buffer occupancy is 

passed to the next frame. That frame will use the previous frame's buffer occupancy 

to calculate its initial step size. Hence, the processing of frames becomes dynamic 

depending on the buffer fullness. 
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3.2 Decompression Program 

The decompression program does the inverse operation of compression. 

3.2.1 Program Input and Output 

The program takes two input files and generates two output files. The input files 

are: 

1. The compressed and formatted file of the current frame transmitted after com

pression. 

2. A file of the previous image obtained from the previous decompression run. 

The data format in this file is stored in the macro block and GOB sequence. 

Two output files are: 

1. H.261 decompressed image file (in CIF) of the current video frame stored in 

the macro block and GOB sequence. This file is used for the next frame de

compression. 

2. H.261 decompressed image file of the current video frame in the raster scanned 

format. This file is ready to be viewed by programs such as xv on the X-window. 

Figure 3.7 shows the relationship between the input and output files of the decom

pression program. 
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Figure 3.7: Input and output for H.261 decoder 

3.2.2 Decompression Program Flowchart 

Flowcharts for the decompression program is given in Figures 3.8 to 3.11. As in the 

compression program, this program also uses specific subroutines for implementing 

some functional blocks. 

3.2.3 Various Decompression Routines 

The subroutines used in the decompression program axe briefly described below 

with the illustrations of Figures 3.8 to 3.11. 

1. PLH(): This subroutine retrieves the picture layer header. From the picture 

layer header, we can determine the current frame number. 
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2. get_prev_yuv(): If the current frame number is not equal to one (see Figure 3.8), 

this routine reads the decompressed image file of the previous frame. For the 

first frame, the previous frame is all zero. 

3. GOBLH(): This routine retrieves the GOB layer header. From this header, the 

GOB number (GN) and step size (GQUANT) can be found. 

Since there can be fixed or non-coded macro blocks (which are not transmitted) 

at the end of the current GOB, we need to continuously check the next GOB 

layer header before processing any macro block in the GOB (Figure 3.8). To 

know how many fixed macro blocks remain for inter mode decompression, we 

use a counter in the current GOB. The difference of the counter value from 33 

(number of macro blocks/GOB) at the end of this GOB is the number of the 

remaining fixed macro blocks. 

4. MBA(): If the next stream of bits is not the GOB layer header, this routine 

retrieves the macro block address because it is possible to have fixed macro 

blocks in between of two coded blocks. This address gives the number of fixed 

macro blocks from the last coded one. 

5. MTYPE(): This subroutine retrieves the macro block type informations which 

are inter/intra mode, motion/no motion compensation, and coded/non-coded 

with the quantization step size transmitted/non-transmitted. This routine is 

illustrated in Figure 3.8. 
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If the number of fixed macro blocks is non-zero, the data for these non-encoded 

blocks has to be recovered. Figure 3.9 shows in detail how to recover the fixed 

macro blocks for which the pattern number must be zero. 

6. coef_vldec(): Even though we expect to find all zero data for fixed macro blocks, 

this subroutine is called to decode the coefficients in Figure 3.9. We do this to 

generalize the continuity in the program because the same routine is used to 

decode the coefficients for the coded macro blocks after the header retrievals 

below. 

7. inv_transform(): This routine performs the inverse quantization, inverse zig-zag 

and inverse DCT to recover an image. Recovered image is stored in the macro 

block and GOB sequence in a file. For fixed macro blocks, the inv_transform() 

gets the data from the previous frame. 

The fixed mb counter is decremented in Figure 3.9 after a fixed macro block is 

recovered. Then we check if one GOB is retrieved or not. The next GOB layer 

header needs to be found if one GOB is retrieved; otherwise decoding for more 

macro blocks is continued. 

8. MQUANTQ: If the step size is transmitted with the macro block, this subrou

tine in Figure 3.10 retrieves the quantization step size. 

The desired pattern number is set if the macro block is in intra mode or non-

coded. We bypass the following two routines for intra macro blocks because 
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motion vectors and coded block patterns were not transmitted for this type of 

macro block. For other types, motion vectors and coded block patterns need 

to be determined. 

9. MVD(): If the macro block is motion compensated, this subroutine retrieves 

the motion vector. 

10. CBP(): If the macro block is coded and in inter mode, this subroutine (see 

Figure 3.10) retrieves the coded block pattern. 

After the header processing, coef.vldecQ is called to decode the variable length 

encoded coefficients in Figure 3.11. Also, inv_transform() is used to perform 

the inverse transformations and recover an image (refer to Figure 3.11). As 

earlier, we store the recovered image in the macro block and GOB sequence in 

a file. 

11. read Jine_file(): This subroutine converts the block sequence frame into a raster-

scanned frame and write it into a file. Since the conversion is basically for 

viewing the image file in the X-window, the readJine-fileQ is not shown in the 

flowcharts. 

12. fetch_start() and bit Jetch(): These two subroutines (not shown explicitly in 

the flowcharts) are used to read a given number of bits from the input file. 
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CHAPTER 4 

Results and Discussions 

In this chapter, we describe some test results using the programs described in 

Chapter 3. The objective of these tests are to verify the programs and to evaluate 

the compression and decompression performance. 

The programs have been tested for 10 consecutive frames at different p  values. 

Specifically, we have 10 frames/sec and p = 1, 6, 10, and 20 in the test. Figures 4.1 

and 4.2 give the original images for Frame 1 and 2. Compressed and decompressed 

images of these first two frames are shown in Figures 4.3 to 4.6 at p = 6 and p = 20. 

4.1 Data Summary 

Important data obtained from the tests are summarized in Tables 4.1 to 4.8. They 

are explained as follows. 

The first item in the tables gives the number of type of macro blocks (mbs) in a 

frame. Each macro block type is encoded uniquely in H.261 standard. These types 

are: 
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Figure 4.1: Original Frame 1 

Figure 4.2: Original Frame 2 
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Figure 4.3: Compressed and decompressed Frame 1 at p  —  6 

Figure 4.4: Compressed and decompressed Frame 2 at p = 6 



Figure 4.5: Compressed and decompressed Frame 1 at p  =  20 

Figure 4.6: Compressed and decompressed Frame 2 at p = 20 
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A. Fixed: A non-coded macro block which has all zero coefficients. Only inter 

macro blocks can be fixed. 

B. Coded: An inter macro block that contains non-zero coefficients. 

C. Coded + MC: A coded and motion compensated macro block for which motion 

vector must be transmitted. Motion compensation exists only for inter macro 

blocks. 

D. Fixed -f- MC: A fixed and motion compensated inter macro block for which 

motion vector needs to be transmitted even though it has all zero coefficients. 

E. Intra: A macro block that is in intra mode. Intra macro blocks are always 

coded (non-fixed). 

F. Coded + Q: An inter macro block which is coded with quantization step size 

transmitted. Step size is transmitted only when the first coded macro block is 

found in the second or the third row of a GOB. 

G. Coded + MC + Q: An inter macro block which is coded and motion compen

sated with quantization step size transmitted. 

H. Intra + Q: An intra macro block with quantization step size transmitted. Since 

this macro block is always coded, step size is transmitted if it is the first block 

in the second or the third row of a GOB. 

I. Forced to fixed: A macro block that is forced to have all zero coefficients. 
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The second item is the percentage of the number of inter macro blocks per frame 

which contains 396 macro blocks in total. Since the number of bits per inter macro 

block is expected to be lower than per intra, a larger percentage of inter macro blocks 

can give a higher compression ratio. This point can be confirmed by the next two 

items. 

To compare the number of bits between intra and inter macro blocks, the third and 

fourth items (Intra_MVBIT, Inter_MVBIT) provide the mean values of the number 

of bits per intra and inter macro block, respectively. 

The fifth and sixth items (MVNZC, MVZC) give the mean values of the number 

of non-zero and zero coefficients per macro block. Prom the increase of the numbers 

of non-zero coefficients, we can expect the increase of the number of bits per macro 

block. 

MVSS, in the seventh item, is the mean value of quantization step sizes for a frame. 

Its influence on compression ratio is significant because a larger MVSS generates a 

smaller number of bits per frame or a higher compression ratio. 

The next four items give the root mean square error for luminance (RMS-Y) 

and signal-to-noise ratio for luminance (SNR_Y) and chrominance (SNR_U, SNR_V), 

respectively. These are useful objective parameters for performance evaluation. 

The number of compressed and header bits per frame are shown in items twelve 

and thirteen, respectively. From these items, we can verify their dependence on 

transmission rate. 



78 

Figure 4.7: Group of block rows 

In item fourteen, buffer occupancy is recorded after each frame to check the status 

of the buffer whether it is full or not. 

The last item gives the compression ratio to evaluate the compression efficiency 

of H.261 at different transmission rates. 

From the tables, we see that Frame 1 (at each p )  has all the macro blocks in intra 

mode as expected (372, Row IE, Intra) and 24 of these macro blocks ('*' blocks in 

figure 4.7) carry quantization step size information (Row IE, Intra+Q). 

For other frames, the number of different types of macro blocks at different p  

values are not the same. As an example, Frame 3 has the following numbers for two 

macro block types (Rows 1C and ID), 

at p  = 1, Coded+MC = 156 and Fixed+MC = 16 

at p = 10, Coded+MC = 173 and Fixed+MC = 0 
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Clearly, the fixed macro blocks at p  —  1 turn out to be coded macro blocks at p  =  

10. This happens because as p gets larger, MVSS becomes smaller (Row 7). 

At smaller step sizes, MVNZC increases or MVZC decreases (Rows 5 and 6) 

making the number of coded macro blocks larger. Prom the increase of MVNZC, 

Intra_MVBIT and Inter-MVBIT also get higher (Rows 3 and 4). Sometimes, In-

ter_MVBIT can be greater than Intra_MVBIT (for example, at p = 10, Frame 2 has 

Intra_MVBIT = 157 in Row 3 and Inter_MVBIT = 182 in Row 4). This means that 

the number of bits can be very high for some macro blocks even when the difference 

(inter mode) is encoded. 

We also notice from the tables that macro blocks are forced to fixed macro blocks 

only when p — 1 (Table 4.2, Frame 9 and 10, Row II). This is caused by the buffer 

overflow. 

For p  =  1, the number of bits compressed (Row 12) is much higher than that of 

transmitted. As a result, the buffer overflows. For other p values, the number of 

bits compressed in average is comparable with the number of bits to be transmitted. 

Since all blocks in Frame 1 are intra macro blocks, there are more compressed bits 

in this frame than other frames. The transmitted number of bits per frame can be 

evaluated as follows, 

bits_transmitted = mb-output * number of mbs/frame (4-1) 

where mb.output = bits_transmitted/mb (derived in Chapter 3) 

The number of header bits in Frame 1 (2120, Row 13) stays the same at each p  
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because the number of each macro block type for this frame is the same for every p .  

Other rows are added in the tables for the performance evaluation to be discussed in 

the next section. 

4.2 Performance Discussion 

The performance analysis for H.261 coding is categorized in four different subsec

tions. The first subsection provides the buffer occupancy after every frame and step 

size adaptation results. The second subsection mentions inter macro block percentage 

in a frame, the number of compressed bits per frame and compression ratio. The third 

subsection shows the mean value of step size for each frame, the mean values of the 

number of bits and zero/non-zero coefficients per macro block. The fourth subsection 

uses signal-to-noise ratio and root mean square errors as an objective evaluation for 

the H.261 performance. 

4.2.1 Buffer Occupancy and Step Size Adaptation 

Figure 4.8 shows the buffer occupancy. It remains fairly constant at the steady 

state except for p = 1. The buffer of p = 1 indicates that the transmission rate of 

64 Kb/s is not sufficient for the images tested. 

Buffer occupancy is the most important quantity generated from the tests because 

it is used to adjust the step size after every GOB row, and the step size influences 

other parameters in the programs. The adjustment of the quantization step size 
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Item for p  =  1 Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 

1. Macro block A. Fixed 0 0 0 1 1 
(mb) type B. Coded 0 11 17 19 11 

C. Coded + MC 0 103 156 90 81 

D. Fixed + MC 0 0 16 1 0 

E. Intra 372 258 183 261 279 

F. Coded + Q 0 1 0 0 0 

G. Coded + MC+Q 0 6 8 0 4 

H. Intra + Q 24 17 16 24 20 

I. Forced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 0 30 49 28 24 

3, Mean value of the number 
of bits/mb in intra mode (Intr«_MVBIT) 112 105 106 102 100 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 0 97 60 94 93 

5 Mean value of the number 
of non-zero coefficients/mb (MVNZC) 15 13 10 13 13 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 368 370 373 370 370 

7. Mean value of step size (MVSS) 59 62 62 62 62 

8. RMS for luminance (RMS_Y) 13 13 14 14 14 

9. SNR for luminance (SNR_Y) 23 22 22 22 22 

10. SNR for chrominance U (SNR_U) 7 6 5 6 6 

11. SNR for chrominance V (SNR_V) 9 7 6 6 7 

12. Compressed number of bits/frame 44994 41141 33536 40191 39508 

13. Number of heads-bits/frame 2120 4268 4905 382S 3803 

14. Buffer occupancy after a frame 38658 73463 100663 134518 167690 

15. Compression ratio 380:1 

Table 4.1: Presentation of results at p = 1 and for Frame 1-5 
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Item for p - 1 Frame 6 Frame 7 Frame 8 Frame 9 Frame 10 

1. Macro block 

(mb) type 

A. Fixed 39 0 0 218 341 1. Macro block 

(mb) type B. Coded 90 19 16 9 1 
1. Macro block 

(mb) type 

C. Coded+ MC 58 79 73 39 3 

1. Macro block 

(mb) type 

D. Fixed + MC 1 0 0 0 0 

1. Macro block 

(mb) type 

E. Intra 184 274 283 106 27 

1. Macro block 

(mb) type 

F. Coded + Q 6 2 1 1 0 

1. Macro block 

(mb) type 

G. Coded + MC +0 5 7 9 9 6 

1. Macro block 

(mb) type 

H. Intra + Q 13 15 14 14 18 

1. Macro block 

(mb) type 

I. Forced to fixed 0 0 0 218 341 

2. Inter mb percentage/frame 50 27 25 69 88 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBIT) 105 105 106 102 108 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 

44 89 88 17 3 

S. Mean value of the number 
of non-zero coefficients/mb (MVNZC) 9 13 13 5 1 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 374 370 370 378 382 

7. Mean value of step size (MVSS) 62 62 62 62 62 

8. RMS for luminance (RMS_Y) 14 14 14 41 47 

9. SNR for luminance (SNR_Y) 22 22 22 13 11 

10. SNR for chrominance U (SNR_U) 5 5 5 2 0 

11. SNR for chrominance V (SNR_V) 7 7 6 6 4 

12. Compressed number of bits/frame 29979 40379 40672 17554 6335 

13. Number of header bits/frame 3448 3782 3725 2241 1164 

14. Buffer occupancy after a frame 191333 225376 259712 270930 270929 

15. Compression ratio 380:1 

Table 4.2: Presentation of results at p = 1 and for Frame 6-10 



Item for p = 6 Frame 1 Frame 2 Frame 3 Frame 4 Frame 5 

1. Macro block 

(mb) type 

A. Fixed 0 0 0 0 1 1. Macro block 

(mb) type B. Coded 0 7 19 16 7 
1. Macro block 

(mb) type 

C. Coded+ MC 0 87 154 97 82 

1. Macro block 

(mb) type 

D. Fixed+ MC 0 0 15 1 0 

1. Macro block 

(mb) type 

E. Intra 372 278 184 258 282 

1. Macro block 

(mb) type 

F. Coded+ Q 0 2 0 0 0 

1. Macro block 

(mb) type 

G. Coded+ MC+Q 0 6 8 2 4 

1. Macro block 

(mb) type 

H. Intra + Q 24 16 16 22 20 

1. Macro block 

(mb) type 

I. Forced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 0 25 49 29 23 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBIT) 176 108 107 105 100 

4, Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 0 103 63 96 95 

S. Mean value of the number 
of non-zero coefficients/mb (MVNZC) 26 14 10 13 13 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 357 369 373 370 370 

7. Mean value of step size (MVSS) 42 59 60 60 62 

8. RMS for luminance (RMS_Y) 10 13 14 14 13 

9. SNR for luminance (SNR_Y) 24 22 22 22 22 

10. SNR for chrominance U (SNR_U) 8 6 5 6 6 

11. SNR for chrominance V (SNR_V) 9 7 6 6 7 

12. Compressed number of bits/frame 70157 42818 34252 40990 39555 

13. Number of header bits/frame 2120 3934 4879 3983 3783 

14. Buffer occupancy after a frame 32537 37735 34367 37737 39672 

IS. Compression ratio 63:1 

Table 4.3: Presentation of results at p = 6 and for Frame 1-5 



Item for p = 6 Frame 6 Frame 7 Frame 8 Frame 9 Frame 10 

1. Macro block A. Fixed 29 0 0 0 1 

(mb) type B. Coded 99 20 12 14 11 (mb) type 

C. Coded+ MC 58 79 75 78 76 

D. Fixed + MC 2 0 0 0 2 

E. Intra 184 273 285 280 282 

F. Coded+ 0 6 2 1 2 1 

G. Coded + MC+O 4 8 10 9 5 

H. Intra + O 14 14 13 13 18 

I. Forced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 50 27 24 26 24 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBIT) 108 108 106 105 101 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBlT) 46 96 86 87 82 

5. Mean value of the number 
of non-zero coefficients/mb (MVNZC) 9 13 13 13 12 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 374 370 370 370 371 

7. Mean value of step size (MVSS) 60 59 62 62 62 

8. RMS for luminance (RMS_Y) 13 13 14 14 14 

9. SNR for luminance (SNR_Y) 22 22 22 22 22 

10. SNR for chrominance U (SNR_U) 5 5 5 4 4 

11. SNR for chrominance V (SNR_V) 7 7 6 7 8 

12. Compressed number of bits/frame 30970 41877 40487 40368 38759 

13. Number of header bits/frame 3539 3801 3716 3699 3550 

14. Buffer occupancy after a frame 33022 37279 40146 42894 44033 

15. Compression ratio 63:1 

Table 4.4: Presentation of results at p — 6 and for Frame 6-10 



Item for p = 10 Prime 1 Frame 2 Frame 3 Frame 4 Frame 5 

1. Macro block 
(mb) type 

A. Fixed 0 0 0 0 0 1. Macro block 
(mb) type B. Coded 0 8 17 19 11 

1. Macro block 
(mb) type 

C. Coded+ MC 0 88 173 98 79 

1. Macro block 
(mb) type 

D. Fixed + MC 0 0 0 0 0 

1. Macro block 
(mb) type 

E. Intra 372 276 182 255 282 

1. Macro block 
(mb) type 

F. Coded + O 0 1 0 0 0 

1. Macro block 
(mb) type 

G. Coded + MC +Q 0 6 9 0 4 

1. Macro block 
(mb) type 

H. Intra + O 24 17 15 24 20 

1. Macro block 
(mb) type 

I. Forced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 0 26 50 29 23 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBIT) 

240 157 163 159 152 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 

0 182 131 186 170 

5, Mean value of the number 
of non-zero coefficients/mb (MVNZC) 35 24 21 25 23 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 348 359 362 358 360 

7. Mean value of step size (MVSS) 27 35 34 35 36 

8. RMS for luminance (RMS_Y) 8 10 10 10 10 

9. SNR for luminance (SNR_Y) 26 25 25 24 24 

10. SNR for chrominance U (SNR_U) 8 8 7 7 7 

11. SNR for chrominance V (SNR_V) 10 8 8 8 9 

12. Compressed number of bits/frame 95621 65295 58793 66768 62475 

13. Number of header bits/frame 2120 4057 5013 4060 3742 

14. Buffer occupancy after a frame 33053 35780 32005 36205 36112 

IS. Compression ratio 38:1 

Table 4.5: Presentation of results at p = 10 and for Frame 1-5 



Item for p= 10 Frame 6 Frame 7 Frame 8 Frame 9 Frame 10 

1. Macro block 

(mb) type 

A. Fixed 0 0 0 0 0 1. Macro block 

(mb) type B. Coded 130 14 12 12 5 

1. Macro block 

(mb) type 

C. Coded + MC 57 72 83 81 86 

1. Macro block 

(mb) type 

D. Fixed + MC 0 0 0 0 0 

1. Macro block 

(mb) type 

E. Intra 185 286 277 279 281 

1. Macro block 

(mb) type 

F. Coded + O 6 2 1 2 1 

1. Macro block 

(mb) type 

G. Coded + MC +0 2 7 9 6 6 

1. Macro block 

(mb) type 

H. Intra + O 16 15 14 16 17 

1. Macro block 

(mb) type 

I. Forced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 49 23 26 25 24 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBIT) 171 165 158 155 150 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 107 190 167 166 160 

S. Mean value of the number 
of non-zero coefficients/mb (MVNZC) 

20 25 23 23 22 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 363 358 360 360 361 

7. Mean value of step size (MVSS) 32 33 36 37 36 

8. RMS for luminance (RMS_Y) 9 10 10 10 10 

9. SNR for luminance (SNR_Y) 25 25 24 24 24 

10. SNR for chrominance U (SNR_U) 6 6 6 5 5 

11. SNR for chrominance V (SNR_V) 8 8 7 8 8 

12. Compressed number of bits/frame 55845 68156 63993 62987 60754 

13. Number of header bits/frame 3738 3702 3892 3757 3661 

14. Buffer occupancy after a frame 29389 34977 36402 36821 35007 

15. Compression ratio 38:1 

Table 4.6: Presentation of results at p = 10 and for Frame 6-10 



Item for p = 20 Frame 1 Prune 2 Frame 3 Frame 4 Frame 5 

1. Macro block 

(mb) type 

A. Fixed 0 0 0 0 0 1. Macro block 

(mb) type B. Coded 0 7 16 13 11 
1. Macro block 

(mb) type 

C. Coded+ MC 0 87 174 96 78 

1. Macro block 

(mb) type 

D. Fixed + MC 0 0 0 0 0 

1. Macro block 

(mb) type 

E. Intra 372 278 182 263 283 

1. Macro block 

(mb) type 

F. Coded-t-O 0 1 0 0 0 

1. Macro block 

(mb) type 

G. Coded + MC +0 0 6 10 0 5 

1. Macro block 

(mb) type 

H. Intra + O 24 17 14 24 19 

1. Macro block 

(mb) type 

I. Forced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 0 25 50 27 23 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBlT) 397 301 316 301 293 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 

0 382 292 385 374 

5 Mean value of the number 
of non-zero coefficients/mb (MVNZC) 

55 45 44 47 45 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 

328 338 339 336 338 

7. Mean value of step size (MVSS) 16 18 17 18 18 

8. RMS for luminance (RMS_Y) 7 7 7 7 7 

9. SNR for luminance (SNR_Y) 28 27 27 27 27 

10. SNR for chrominance U (SNR_U) 9 9 8 9 8 

11. SNR for chrominance V (SNR_V) 11 9 9 9 10 

12. Compressed number of bits/frame 157660 127869 120928 129006 124281 

13. Number of header bits/frame 2120 4128 5198 4078 3852 

14. Buffer occupancy after a frame 32920 36049 32237 36503 36044 

IS. Compression ratio 19:1 

Table 4.7: Presentation of results at p = 20 and for Frame 1-5 
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Item for p » 20 Frame 6 frame 7 Frame 8 Frame 9 Frame 10 

1. Macro block 

(mb) type 

A. Fixed 0 0 0 0 0 1. Macro block 

(mb) type B. Coded 130 11 12 12 5 
1. Macro block 

(mb) type 

C. Coded-t-MC 56 73 80 80 85 

1. Macro block 

(mb) type 

D. Fixed+ MC 0 0 0 0 0 

1. Macro block 

(mb) type 

E. Intra 186 288 280 280 282 

1. Macro block 

(mb) type 

F. Coded + O 6 1 1 2 1 

1. Macro block 

(mb) type 

G. Coded + MC +0 2 8 9 7 5 

1. Macro block 

(mb) type 

H. Intra + O 16 15 14 15 18 

1. Macro block 

(mb) type 

I. Farced to fixed 0 0 0 0 0 

2. Inter mb percentage/frame 48 23 25 25 24 

3. Mean value of the number 
of bits/mb in intra mode (Intra_MVBIT) 341 313 305 298 295 

4. Mean value of the number 
of bits/mb in inter mode (Inter_MVBIT) 254 380 348 363 356 

5, Mean value of the number 
of non-zero coefficients/mb (MVNZC) 42 47 46 45 45 

6. Mean value of the number 
of zero coefficients/mb (MVZC) 341 336 337 338 338 

7. Mean value of step size (MVSS) 16 18 18 19 18 

8. RMS for luminance (RMS_Y) 7 7 7 8 7 

9. SNR for luminance (SNR_Y) 27 27 27 27 27 

10. SNR for chrominance U (SNR_U) 8 8 7 7 7 

11. SNR for chrominance V (SNR_V) 10 9 9 10 10 

12. Compressed number of bits/firame 118595 130656 125607 125247 123255 

13. Number of header bits/frame 3747 3808 3944 3887 3738 

14. Buffer occupancy after a frame 29899 35815 36682 37189 35704 

IS. Compression ratio * 19:1 

Table 4.8: Presentation of results at p = 20 and for Frame 6-10 
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after every GOB row is monitored in Figure 4.9, from which we see that at p  = 1 the 

step size reaches its highest possible value (g = 62) very quickly because of excessive 

compressed bits. 

4.2.2 Inter Macro Block Percentage, Number of Compressed Bits and 

Compression Ratio 

Figure 4.10 gives the percentage of the number of inter macro blocks in each frame. 

We see it is almost independent of p except when the buffer overflows at p = 1. This 

indicates that the percentage is strongly source image dependent. 

For every frame, the number of compressed bits including headers is recorded. 

If p is increased, the number of compressed bits per frame gets higher. This is 

shown in Figure 4.11. With a higher percentage of inter macro blocks in Frame 6 

(see Figure 4.10), fewer bits are generated for this frame than the other frames as 

expected. 

The performance of compression ratio vs. transmission rate is shown in Fig

ure 4.12. We can evaluate the compression ratio using the following equation with 

10 frames/sec. 

compression ratio = 
352 * 288 * 8 * 3 bits/frame 30 

— frame/sec (4.2) 
k p  *  64 Kbits/sec 

In this equation, k = 3 gives 10 frames/sec rate. The number of bits/frame in (4.2) 

comes from the H.261 frame size (352x288) and 3 color bytes (RGB) per pixel. 
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Figure 4.8: Buffer occupancy after every frame 



91 

Step Size 

1 I 1  p=l 1 

60.00 — 
J 1' ' 1 ~ W ** » 1 1 -l'j,n 

'JL'.' 

— 

55.00 — 

_ 
1 
J 1 

— 

50.00 — 
I 1  

I  

1 

^1  

— 

45.00 — 
J f 

1 
/ 

— 

40.00 — 
1 
1 
1  
i  - f, <---

H p = io i im~w\ \ 

— 

35.00 — 
' j $ L , , , J  — 

30.00 — i 
• 

O i .  a  

— 

25.00 — — 

20.00 — 

rwr J 1 SI! J 
i 

JLi JL. IUMTL 
l ! / |  u L- t 

p  =  20 

iilM 

— 

15.00 — 
rwr J 1 SI! J 

i 

JLi JL. IUMTL 
l ! / |  u L- t 

— 

10.00 — — 

5.00 — — 

0.00 

1 

1 1 i i _ 
0.00 100.00 200.00 300.00 

GOB row 

Figure 4.9: Step size at the beginning of every GOB row 
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Figure 4.10: Inter macro block percentage per frame 
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Figure 4.11: Total number of compressed bits per frame 
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Figure 4.12: Compression Ratio vs. Transmission Rate 
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4.2.3 Average Step Size, Average Number of Coefficients and Average 

Number of Bits 

For each frame, MVSS decreases if p  increases. This is illustrated in Figure 4.13. 

As mentioned earlier, smaller step size generates larger number of bits. 

Figures 4.14 and 4.15 give the mean values of the number of non-zero/zero co

efficients per macro block. At higher p, MVNZC becomes larger and consequently, 

MVZC becomes smaller. If p is large, Intra_MVBIT and Inter_MVBIT will be also 

large as shown in Figures 4.16 and 4.17. 

4.2.4 Root Mean Square Error and Signal-to-Noise Ratio 

Figures 4.18, 4.19, 4.20, and 4.21 give the root mean square error and signal-to-

noise ratio information. It is clearly seen that RMS falls and SNR rises as p increases. 

At p = 1, when the buffer overflows, the performance becomes very bad. 
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Figure 4.13: Mean value of step size per frame 
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Figure 4.14: Mean value of the number of non-zero coefficients per macro block 



98 

i.OC — 

;.oc— 

I.OO — 

MVZC 

380.00 — 

375.00 — 

370.1 

365.1 

360.1 

355.00 — 

350.00— / 

345.00 — 

340.00— 

335.00 — 

330.00 — 

2.00 4.00 

p =  10. 

p = 20 

1 
6.00 8.00 10.00 

Frame Number 

Figure 4.15: Mean value of the number of zero coefficients per macro block 
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Figure 4.16: Mean value of the number of bits per intra macro block 
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Figure 4.17: Mean value of the number of bits per inter macro block 
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Figure 4.18: Root mean square error for luminance-Y 
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Figure 4.19: Signal-to-noise ratio for luminance-Y 
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Figure 4.20: Signal-to-noise ratio for chrominance-U 
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Figure 4.21: Signal-to-noise ratio for chrominance-V 
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CHAPTER 5 

Conclusions 

From the discussion on H.261 coding and software implementation, we have fully 

understood the coding algorithm and obtained its performance characteristics. 

As seen in the results, for p  = 1, transmission of a low quality video signal is 

possible. Continuous frames with movements cannot be transmitted with such a low 

transmission speed and buffer size. Low quality video (p = 1 or 2) can be used for 

picture phones [6]. On the other hand, with p = 6, more complex pictures can be 

transmitted with limited movements [8]. Since the buffer for p = 6 maintains a steady 

number of bits after processing each frame, continuous frame transmission is possible 

in this case. If p = 10 or 20, the picture quality gets even better and is suitable for 

complex applications, like teleconferencing. 

Even though the CCITT's video compression standard provides the flexibility of 

transmitting signals at rates of px64 Kb/s for p = 1 to 30, it is necessary to choose 

the average rate according to the packet switching traffic in a local area environment 

[13]. An estimation technique (external to H.261) for measuring network traffic is 

used to choose or adapt a proper p for the period of a video transmission. 
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In the past, video transmission was performed using circuit switching networks 

which impose fixed access rates and inflexible bandwidth [11]. Thus, video coding 

algorithms have been designed with constant bit rates during transmission time. We 

realize, constant bit rate coding reduces the video quality with scene changes (intra 

frame) and by maintaining the buffer at a constant rate. Also, full-motion video traffic 

is very bursty; therefore, packet switching networks can make video communications 

more efficient than the circuit switching method. 

As the H.261 standard, MPEG can be applied to packet switching networks such 

as LANs [6]. MPEG utilizes 1.5 Mb/s transmission rate to compress video signals 

[15]. It can produce VHS quality images at this transmission rate but requires high 

capacity digital storage media. 

In the future, it is desirable to modify the H.261 and MPEG or develop other stan

dards so that the number p can be adapted during the period of a video transmission. 

In other words, the estimation technique becomes a part of the new standard. 

Finally, whether to standardize or not to standardize is a controversial issue. Since 

in telecommunication "real-time connectivity" is essential, standards are useful for 

this field [16]. Standards helps to bring a product into the market and generate 

incentives to extract important information from a vast technical area. Actually, the 

interest of standardization varies among user, manufacturer, and service provider [16]. 

A manufacturer and service provider usually accept a standard if they anticipate that 

it can rapidly introduce a product in the market. For a small producer, however, this 



107 

anticipation becomes risky. Also, standards impose competition among themselves 

and organizations where small players have no role. Therefore, in the long run, 

standards can be disadvantageous for technological growth. Another disadvantage 

of standards is that it can release information into the market before it is matured. 

From the users point of view, standards are desirable to reduce operation costs. In 

the future, it is important to balance the conflicting needs. Furthermore, if the 

decision to standardize is made, a risk of standardizing unnecessary aspects has to 

be considered. 
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