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Abstract: VP8, an open web media video format, has recently attractedmuch attention, particularly 
from major web browser companies, as a video codec for HTML5 on internet due to its good 
coding efficiency and royalty-free policy. Compared to other video compression schemes such as 
H.264/AVC, it has several distinctive coding tools that help to ensure good coding efficiency and 
low decoding complexity. In this paper, we investigate its coding techniques and analyze its rate-
distortion (R-D) coding performance as compared to that of H.264/AVC.   
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1. Introduction 

In order to meet the increasing need of various 
multimedia services on the web, the World Wide Web 
Consortium (W3C) has started to make the 5th major 
revision of the Hyper-Text Markup Language (HTML5) 
standard [1] to address various web-based applications. To 
achieve native multimedia supports, HTML5 has several 
multimedia-related tags, such as <video> and <audio> 
where playback of video in the web browser is supported 
by using the <video> tags. Therefore, web browser engines 
need to support specific video coding techniques. In 2011, 
it was revealed that the Chrome web browser does not 
support the H.264/AVC video codec [2], so the WebM 
project was established. The WebM project is an open web 
media project dedicated to developing a high-quality and 
open audio-video format aimed at establishing a royalty-
free, open media file format for use with HTML5 video on 
the web [3]. In line with the growing importance of 
HTML5, it has attracted attention not only from major web 
browser companies, but also from many hardware and 
software vendors. 

WebM defines three formats: Matroska for the file 
container structure, VP8 for the video format, and 
OggVorbis for the audio format. The VP8 video 
compression format [4-6] is designed for internet/web 
based video applications. The overall coding structure of 
VP8, shown in Fig. 1, has several coding tools: transform, 

quantization, intra prediction, motion estimation/ 
compensation, and deblocking filter. These coding tools 
shares similar structural concepts compared to H.264/AVC 
[7]. However, it also has many distinctive tools to achieve 
high coding efficiency and low decoding computational 
complexity. The frame queue controlled by lag-in-frames 
and the alternate reference frame were developed to 
achieve high coding efficiency.In coding controls, the 
version option can change the computational coding 
complexity. Therefore, understanding its techniques and 
analyzing the relative coding performance will be of great 
interest. In this paper, we summarize its coding techniques 
and analyze its rate-distortion (R-D) performance by 
controlling its various encoding options. 

The rest of this paper is organized as follows. Section 
II compares the coding tools of VP8 and H.264/AVC. 
Section III presents their R-D coding performance results 
and some analysis. Finally, Section IV concludes the paper. 

2. Coding Tools of VP8 

Similar to MPEG-2, H.263, and H.264/AVC, VP8 also 
has the hybrid coding structure of motion-compensation 
and the discrete-cosine transform (DCT). It has also the 
same coding structure as the H.264/AVC intra/inter 
prediction modes, variable block sizes, 1/4-pel accuracy 
motion estimation/compensation, and the in-loop 
deblocking filter. However, additional coding tools, such 
as alternate reference frame, decoding complexity-based 
coding control, and new prediction methods are specific 

This research was supported by the National Research Foundation of 
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Fig. 1. Coding Block Diagram of VP8. 
 

only to VP8. In this section, we describe their 
characteristics from two viewpoints: we compare the 
coding tools of VP8 with those of H.264/AVC, and then 
describe the specific tools that exist only in VP8. 

2.1 Comparison with H.264/AVC 
The encoding process of VP8 is similar to that of 

H.264/AVC. An input picture is divided into non-
overlapping 16×16 macroblocks. Each macroblock is 
either spatially or temporally predicted, and the predicted 
residual signal is transformed and quantized as usual. The 
quantized coefficients and header information are coded by 
an entropy encoder. The reconstructed picture is stored in a 
picture buffer after the deblocking filtering process for 
subsequent temporal prediction. On the other hand, VP8 
has slightly different coding methods than those of 
H.264/AVC. Table 1 lists the overall similarities and 
differences between VP8 and H.264/AVC. 

2.1.1 Intra Prediction 
VP8 supports 16×16 and 4×4-sized intra prediction for 

the luma component and 8×8 prediction for the chroma 
component. Each block is predicted from spatially 
neighboring reconstructed pixels. Table 2 compares the 
intra prediction methods of VP8 and H.264/AVC. As 

depicted in Table 2, the plane mode does not exist in VP8. 
However, it has two different prediction modes: B_PRED 
and True Motion prediction (TM_PRED). The purpose of 
B_PRED mode is to divide the 16×16 luma macroblock 
into sixteen 4×4 sub-blocks. Each 4×4 luma intra 
prediction is performed after B_PRED mode is signaled in 
the macroblock. TM_PRED mode is used in 16×16, 4×4 
luma, and 8×8 chroma intra prediction. The plane mode in 
H.264/AVC is not used in VP8. Fig. 2 depicts TM_PRED 
mode in the 4×4 intra prediction, which uses the following 
equation to generate a predictor of the current block: 

 

 ij i jX A L P= + − ,  (1) 
 

where each of A, L, andP represents the reconstructed pixel 
value of the adjacent blocks, and Xijrepresents a predicted 
value for a pixel located at (i, j) inside the current block. 
TM_PRED mode for 8×8 and 16×16 is predicted in the 
same way as for the 4×4 TM_PRED mode. 

The 4×4 intra prediction of VP8 has 10 modes, among 
which 9 (that is, all except for TM_PRED mode) are the 
same as the 4×4 intra prediction of H.264/AVC. The 8×8 
chroma prediction of VP8 has 4 modes, which are the 
same as those in the 16×16 intra prediction of VP8, except 
for B_PRED mode. 
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Table 1. Overall similarities and differences between VP8 and H.264/AVC. 

 VP8 H.264/AVC 

Partition 16×16, 4×4 for luma 
8×8 for chroma 

16×16, 4×4, 8×81) for luma, 
8×8 for chroma Intra 

prediction 
Prediction mode 9 modes + TM_PRED2) mode 9 modes + Plane mode 

Partition 16×16, 16×8, 8×16, 8×8, 4×4 16×16, 16×8, 8×16, 8×8, 8×4, 4×8, 4×4 

Interpolation filter 6-tap or 2-tap for luma 
6-tap, 4-tap, or 2-tap for chroma 

6-tap at half-pel and 2-tap at quarter-pel for luma 
Bilinear filter for chroma 

Inter 
prediction 

Reference frame Up to 3 reference frames 
last frame, alt-ref frame, golden frame 

Up to 16 reference frames   
I-frame, P-frame, B-frame 

Transform 
4×4 DCT using 16-point left shift 
4×4 (luma DC) Hadamard transform for  
I16×16, P16×16 

4×4, 8×81) integer DCT 
4×4 (luma DC), 2×2 (chroma DC) Hadamard 
transform for I16×16 

Quantization Frame-level offset, segment-level offset Macroblock-level offset 

Entropy coding 
Huffman-tree structure based binarization 
Binary arithmetic coder 
Frame-level adaptive coding 

4 different types of binarization 
CAVLC3), CABAC4)

Bit-level adaptive coding 

Deblocking filter 
No Bs decision 
2 modes (simple, normal) 
4-tap filter for both modes 

Filter decision based on Boundary strength (Bs) 
Weak filter (0<Bs<4): 4-tap 
Strong filter (Bs=4): 5-tap 

1) High profile only 2) TrueMotion prediction, 3) Context-Based Adaptive Binary Arithmetic Coding, 4) Context-Based Adaptive 
Variable Length Coding 

 

2.1.2 Inter Prediction 
The purpose of VP8 inter prediction is to reduce 

temporal redundancy by using motion compensation/ 
estimation from previous or future frames. This concept is 
identical to the inter prediction of H.264/AVC. However, 
VP8 uses different methods to predict the motion vector. 

Table 3 shows the differences of the inter prediction mode 
between VP8 and H.264/AVC. H.264/AVC uses direct/ 
skip mode to predict the motion vector of the current block. 
VP8 has several inter prediction modes for a macroblock 
and sub-block.  

In a macroblock, VP8 uses 5 inter prediction modes: 
NEARESTMV, NEARMV, ZEROMV, NEWMV, and 
SPLITMV. Its encoder calculates the R-D cost of each 
mode and chooses the best mode, which has the minimum 
cost. Since a macroblock is usually highly correlated with 
its adjacent macroblocks, its motion information is also 
expected to be similar to that of the adjacent macroblocks. 
VP8 exploits such spatial correlation in inter prediction 
mode by reusing the motion vectors of the adjacent 
macroblocks.  

The NEARESTMV and NEARMV modes reuse three 
motion vectors of the adjacent (above, left, above-left) 
macroblocks. Each motion vector is scored by the number 

Table 2. Comparison of intra prediction between VP8 
and H.264/AVC. 

Prediction VP8 H.264/AVC 

16×16 

5 modes 
(DC, vertical, 

horizontal, B_PRED, 
TM_PRED) 

4 modes 
(DC, vertical 

horizontal, plane)

4×4 
10 modes 

(H.264/AVC 9 
modes + TM_PRED) 

9 modes 

Luma 

8×8 - 9 modes 

Chroma 8×8 

4 modes 
(DC, vertical, 

horizontal, 
TM_PRED) 

4 modes 
(DC, vertical 

horizontal, plane)

 

P A0 A1 A2 A3

L0 X00 X01 X02 X03

L1 X10 X11 X12 X13

L2 X20 X21 X22 X23

L3 X30 X31 X32 X33
 

Fig. 2. TM_PRED intra prediction mode in VP8 [5]. 

Table 3. Differences between VP8 and H.264/AVC inter 
prediction modes. 

VP8 H.264/AVC 
Macroblock: 
∙ NEARESTMV 
∙ NEARMV 
∙ ZEROMV 
∙ NEWMV 
∙ SPLITMV 
 
Sub-block: 
∙ LEFT4×4 
∙ ABOVE4×4 
∙ ZERO4×4 
∙ NEW4×4 

P-frame: 
∙ P-Skip mode 
 
B-frame: 
∙ B-Skip mode 
∙ Spatial direct mode 
∙ Temporal direct mode 
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of identical motion vectors that exist. Fig. 3 shows two 
examples for determining NEARESTMV, NEARMV, and 
Best MV. Best MV is only used as a motion vector 
predictor for calculating the motion vector difference. 
Example 1 shows two (4, 3) motion vectors and one (3, -1) 
motion vector in adjacent macroblocks. Since the number 
of motion vectors (4, 3) is greater than that of (3, -1), the 
motion vector (4, 3) is assigned the highest score, and (3, -
1) is assigned the second highest score. NEARESTMV 
uses the highest scored motion vector except for (0, 0). 
NEARMV uses the next highest scored motion vector. 
Best MV uses the highest scored motion vector, including 
(0, 0). Example 2 shows two (0, 0) motion vectors and one 
(3, -1) motion vector in the adjacent macroblocks. Since 
the number of (0, 0) motion vectors is greater than the 
number of (3, -1) motion vectors, Best MV uses (0, 0). 
However, NEARESTMV has (3, -1) because it does not 
consider (0, 0). If the adjacent block is intra-coded, it is 
discarded. 

If a current macroblock is found to be less correlated 

with its adjacent macroblocks, another mode, such as 
ZEROMV, NEWMV, or SPLITMV, can be selected. 
ZEROMV mode uses (0, 0) for the motion vector of the 
current macroblock. NEWMV mode executes the motion 
estimation process in order to find the best motion vector 
of the current macroblock, and the estimated motion vector 
is transmitted to the decoder. Under SPLITMV mode, the 
current macroblock is partitioned into sub-blocks, each of 
which can be MV_top_bottom, MV_left_right, MV_quarters, 
and MV_16 modes, as depicted in Fig. 4. Unlike 
H.264/AVC, VP8 does not have 8×4 and 4×8 block 
partitions. Each sub-block can respectively have 4 
prediction modes: LEFT4×4, ABOVE4×4, ZERO4×4, and 
NEW4×4. Fig. 5 shows an example of the inter prediction 
modes in the sub-blocks. Like the macroblock prediction 
mode, the current sub-block can also reuse the motion 
vector of its adjacent sub-block. The LEFT4×4 and 
ABOVE4×4 modes use a motion vector of the block to the 
left or above as the motion vector of the current sub-block. 
ZERO4×4 assumes (0,0) for the motion vector of the 

 

(3, -1) (0, 0)

(0, 0)

Above-left 

Left

Above

Current 
macroblock

NEARESTMV
NEARMV
Best MV

: (3, -1)
: (0,  0)
: (0,  0)

(3, -1) (4, 3)

(4, 3)

Above-left 

Left 

Above 

Current 
macroblock

NEARESTMV
NEARMV
Best MV

: (4,  3)
: (3, -1)
: (4,  3)

Example 1. Example 2.

 

Fig. 3. Examples of calculating NEARESTMV and NEARMV. 
 

 

Fig. 4. SPLITMV partitions in VP8. 
 

 

Fig. 5. Examples of sub-block inter prediction modes. 
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current sub-block. NEW4×4 carries out the motion 
estimation process to find the best motion vector. 

A chroma block in H.264/AVC reuses the motion 
vector of the collocated luma block, while VP8 uses the 
average of the motion vectors of the collocated luma 
blocks.  

When an encoder transmits an explicit motion vector to 
the decoder, both VP8 and H.264/AVC send the motion 
vector difference (MVD) by: 

 
 D C PMV MV MV= − . (2) 

 
where MVC is a motion vector of the current block, and 
MVP is its motion vector predictor. While H.264/AVC 
determines the motion vector predictor using the median 
rule, VP8 uses Best MV as the predictor for the NEWMV 
and NEW4×4 cases. 

2.1.3 Sub-pel Interpolation Filter 
Like H.264/AVC, VP8 performs motion estimation/ 

compensation with quarter-pel accuracy. To generate 
sample values at sub-pel positions, VP8 and H.264/AVC 
perform the interpolation filtering process. H.264/AVC 
uses a 6-tap interpolation filter for half-pel samples and a 
2-tap interpolation filter for quarter-pel positions, while 
VP8 has two interpolation filtering modes selected 
according to the version information, which is related to 
the decoding complexity. There are two types of 
interpolation filtering coefficient in Table 4. Since the 
interpolation filtering process demands the largest 
complexity in the video decoder [8], VP8 reduces the 
decoding complexity because it also enables the use of 2-

tap interpolation filters. 

2.1.4 Reference Picture for Inter Prediction 

VP8 uses three different types of reference picture for 
inter prediction: last frame, golden frame, and alternate 
reference frame. The first two both refer to the previously 
coded pictures. The last frame is the (t-1)th picture of the 
current tth picture, and the golden frame is the (t-n)th 
previously coded picture, where n is larger than 1. The 
alternate reference frame (alt-ref frame) is generated from 
many different source pictures that are not reconstructed, 
and can be forward or backward pictures. Since it uses 
original pictures, it is impossible to generate the alt-ref 
frame at the decoder side. Therefore, it is also coded in the 
same way as the other pictures and sent to the decoder. 
However, it is only used for reference, i.e., it is never 
displayed as decoded results. A detailed analysis related to 
its coding performance will be given later. 

2.1.5 Transform 

There are two types of transform methods in VP8: DCT 
and the Walsh-Hadamard Transform.DCT is applied to all 
prediction residual signals in the 4×4 unit, in the same way 
as in H.264/AVC. 

Since the 16×16 intra prediction modes in H.264/AVC 
[4] are intended for coding smooth areas, the 4×4 
Hadamard transform is applied only to the DC coefficients 
of the 16×16 intra predicted macroblock. However, in the 
case of VP8, the Hadamard transform is applied to 16×16 
inter predicted macroblocks as well as to 16×16 intra 
predicted macroblocks. 

 
Table 4. Interpolation filter coefficients of VP8 according to the version. 

Pos. Version 0(6-tap/4-tap) Version 1,2 (2-tap) Components applied 
1 / 8 [0, -6, 123, 12, -1, 0]/ 128 [112, 16] / 128 Chroma 
2 / 8 [2, -11, 108, 36, -8, 1] / 128 [96,32]/ 128 Luma, Chroma 
3 / 8 [0, -9, 93, 50, -6, 0] / 128 [80, 48] / 128 Chroma 
4 / 8 [3, -16, 77, 77, -16, 3] / 128 [64, 64] / 128 Luma, Chroma 
5 / 8 [0, -6, 50, 93, -9, 0] / 128 [48, 80] / 128 Chroma 
6 / 8 [1, -8, 36, 108, -11, 2] / 128 [32, 96] / 128 Luma, Chroma 
7 / 8 [0 -1 12 123 -6, 0] / 128 [16, 112] / 128 Chroma 
 

Table 5. Deblocking filter calculations in VP8. 

Normal (Luma and chroma) Simple 
(Luma only) IEV > TIEV IEV ≤ TIEV 

Both Sub-block and Macroblock boundary Sub-block boundary Macroblock boundary 
p'0 p0+(1/8)×W p0+(1/8)×A p0+(3/7)×W 
q'0 q0-(1/8)×W q0-(1/8)×A q0-(3/7)×W 
p'1 - p1+(1/16)×A p1+(2/7)×W 
q'1 - q1-(1/16)×A q1-(2/7)×W 
p'2 - - p2+(1/7)×W 
q'2 - - q2-(1/7)×W 

IEV: internal edge variance, TIEV: threshold of internal edge variance, W=(p1-q1)+3×(q0-p0), A=3×(q0-p0), p0, p1, p2, q0, q1, q2: pixel 
values before applying deblocking filter, p'0, q'0, p'1, q'1, p'2, q'2: pixel values after applying deblocking filter 
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2.1.6 Quantization 
Quantization is applied to the transform coefficients. 

VP8 performs scalar quantization, which is designed to 
achieve a quality range from 30 dB to 45 dB [5]. For this, 
it defines 128 quantization levels in a pre-defined form of 
quantization lookup tables. Different quantization lookup 
tables are applied for the DC and AC transform 
coefficients. 

2.1.7 Entropy Coding 
The entropy coding of VP8 uses binary arithmetic 

coding similar to the Context-Based Adaptive Binary 
Arithmetic Coding (CABAC) in H.264/AVC. However, the 
two methods have some differences. 

CABAC has four different schemes to binarize symbols 
[9]. On the other hand, VP8 uses the Huffman tree scheme 
to binarize most of the symbols. Some symbols, such as 
the motion vector magnitude, which is less than 7, are 
binarized by using 3-bit fixed length coding.  

The probability update process of VP8 is also different 
from that of H.264/AVC. Since CABAC uses a bit-level 
adaptive probability update, its decoder updates the 
probability whenever a bit is decoded, while VP8 updates 
the context probability at the frame level. In VP8, the 
initial probabilities of the symbols are defined in a look-up 
table. Its encoder counts the cumulative frequency of each 
symbol and decides the probability that the symbol will be 
updated. To notify the probability updating, the encoder 
sends a 1-bit flag to the decoder. However, some symbols, 
such as the intra 16×16 luma prediction mode in the key 
frame, use a fixed context probability, and the probability 
of other symbols is reset to the default when the frame type 
is a key frame.  

2.1.8 Deblocking Filter 
A deblocking filter is applied to the reconstructed 

picture after the decoding process. In H.264/AVC, it has 
three processing steps: the boundary strength (Bs) decision, 
the filtering on/off decision, and the actual filtering process. 
When Bs = 4, H.264/AVC uses a strong filter, and when Bs 
< 4, it uses a weak filter. In the VP8 deblocking process, 
there is no Bs decision process; instead, the filter type is 
selected according to the version information (see Table 6) 
related to the decoding complexity. According to the 
version, a simple filter or a normal filter is selected. In the 
deblocking filter of VP8, two conditions considered in 
making the filtering on/off decisionare the edge limit and 
the interior limit, defined in (3) and (4), respectively. 

 
Edge limit condition: 
 

 0 0 2  1 1 / 2 Ep q p q T− × + − ≤ ,  (3) 
 
Interior limit condition: 
 

3  2 & & 2  1 & & 1  0 &

3  2 & & 2  1 & & 1  0

I I

I I

p p T p p T p p T

q q T q q T q q T

− ≤ − ≤ − ≤

− ≤ − ≤ − ≤

&I

I
.  

  (4) 

where TE and TI are the edge threshold and the interior 
threshold, respectively. A simple filter is applied when the 
edge limit condition is satisfied, while the normal filter is 
performed when the conditions of both the edge limit and 
the interior limit are satisfied.  

After the filtering on/off decision, the actual filtering 
process is performed at the 4×4 block boundary. Table 5 
shows the filtering process according to the filter type. As 
depicted in Table 5, the simple filter is only applied to the 
luma pixels at (p0, q0), and the same filtering method is 
used for both macroblock and sub-block boundaries. On 
the other hand, a normal filtering method is applied to both 
the luma and chroma pixels up to a maximum of 6 pixels, 
and a different filtering method is used at the macroblock 
and sub-block boundaries. Moreover, the filtering method 
and the number of pixels to be filtered change according to 
the internal edge variance (|p1-p0| or |q1-q0|) [4]. 

2.2 Distinctive Coding Tools of VP8 
Although its structure is similar to H.264/AVC, VP8 

has also several distinctive coding tools that are different 
from those of H.264/AVC, such as lag-in-frames, alternate 
reference frame, several options for alt-ref frame, and the 
decoding complexity adaptive coding method.These tools 
help VP8 to achieve good coding efficiency and low 
decoding complexity. 

2.2.1 Lag-in-frames 
The VP8 encoder delays its encoding process until its 

encoding picture buffer is full. After the buffer is full, the 
encoding process commences from the first input picture. 
The lag-in-frames defines the size of the encoding picture 
buffer, which is configured as an encoding option. The lag-
in-frames is used to calculate the maximum boundary of 
the golden frame interval, which is used for a reference 
picture and is an arbitrary point in the past. It also affects 
the alternate reference frame. 

2.2.2 Alternate Reference Frame 
VP8 uses three reference pictures for inter prediction: 

the last frame, golden frame, and alternate reference (alt-
ref) frame. The alt-ref frame is created by different 
macroblocks from many different source pictures with 
noise reduction filtering. Since the source pictures for alt-
ref frame can be future pictures, VP8 can offer a similar 
benefit of the B-picture. A created alt-ref frame is encoded 
in the same way as the other pictures, and it is sent to the 
decoder. Since alt-ref frame is not displayed at the decoder, 
the VP8 encoder sends a 1-bit flag called the show_frame 
flag to the decoder. 

2.2.3 Encoding options for Alternate 
Reference Frame 

The VP8 encoder supports three options for alt-ref 
frame, as described next. The alt-ref noise reduction max 
frames(arnr-maxframes) option determines the number of 
noise-reduction filtered pictures that are used to generate 
the alt-ref frame. The number of source pictures for the alt-
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ref frame is the same as arnr-maxframes. Fig. 6 shows a 
filtering example in the generating process of the alt-ref 
frame. The arnr-type option can determine the filtering 
direction (1: backward, 2: forward, 3: bi-directional). In 
the third option, the filtering strength is controlled by the 
arnr-strength. When the arnr-maxframes is k and the arnr-
type is 3, on the basis of the alt-ref index frame (ith frame), 
the pictures are filtered from the (i-k/2)th frame to the 
(i+k/2)th frame when k is an odd number, and from the (i-
(k+1)/2)th frame to the (i+(k-1)/2)th frame when k is an 
even number. The filtered frame is used to create an alt-ref 
frame. Fig. 6. Filtering example of Alt-ref frame creation (bi-

directional). 
 

Table 6. Version information of VP8. 

Version Interpolation filter Deblocking filter 
0 Bicubic Normal 
1 Bilinear Simple 
2 Bilinear None 
3 None None 
4 Reserved for future use 

 
 

2.2.4 Decoding Complexity Adaptive Coding 
Method 

To control the complexity of a decoder, VP8 uses 
different types of interpolation filters and deblocking 
filters according to the version number, as depicted in 
Table 6. It uses the Bicubic (6-tap) or Bilinear (2-tap) 
interpolation filters to generate sub-pixels according to the 
version, as depicted in Table 4. VP8 uses a Bicubic 
interpolation filter for the most complex mode (version 0), 
and uses a bilinear interpolation filter for versions 1 and 2. 

VP8 also has 2 types of deblocking filters: normal and 
simple. It is only performed for versions 0 and 1. The 
normal mode of the deblocking filter is used in the most 
complex mode (version 0), and the simple mode is used in 
version 1. The deblocking filter is not performed in 
versions 2 and 3. 

In case of the least complex mode (version 3), VP8 
does not execute an interpolation filter (that is, it just uses 
int-pel estimation/compensation) or a deblocking filter. 

3. Performance Analysis of VP8 

To analyze the coding performance of VP8, we test it 
with H.264/AVC as an anchor. The x264 software [10] is 
used for H.264/AVC, and the WebM project libvpx 
reference software [3] is used for VP8. Their encoding 
options for evaluation are depicted in Table 7. The 2-pass 
rate control is used for the best R-Dperformance of both 
x264 and VP8.  

The video sequences used for analysis are Basketball 
Drive (1920×1080 @50fps), Parkscene (1920×1080 
@24fps), Keiba, Mobisode2 (832×480 @30fps), 

BQSquare (416×240 @60fps), and Vidyo1 (1280×720 
@60fps). The target bit rates and video sequences follow 
those in [11]. 

3.1 Analysis of Overall Coding 
Performance 

Fig. 7 compares the R-D performance of VP8 with that 
of H.264/AVC. As depicted in Fig. 7, VP8 has better R-D 
performance than the H.264/AVC baseline profile in all 
sequences except Keiba. It shows the best performance in 
the Vidyo1 sequence, in which the performance is close to 
that of the H.264/AVC main profile. This can be 
understood as follows. The Vidyo1 sequence shown in Fig. 
8 has motions of only 3 people in every frame, and its 
background wall does not move. This means that there is 
only a small amount of motion information at the 
background wall. As depicted in Table 8, which shows the 
proportion of the prediction modes of VP8, ZEROMV 
mode is usually selected in the Vidyo1 sequence. Since 
ZEROMV is one type of macroblock that allows VP8 not 
to send any extra signaling bits, it can save many bits that 

Table 7. Coding options of H.264/AVC and VP8. 

Codec Coding option 

High profile --profile high --keyint infinite --bframes 8 --b-adapt 2 --direct auto --b-pyramid strict --ref 16 --partitions 
all --me umh --merange 24 --subme 10 --trellis 2 --rc-lookahead 60 --tune psnr --psnr 

Main profile --profile main --keyint infinite --bframes 8 --b-adapt 2 --direct auto --b-pyramid strict --ref 16 --partitions 
all --me umh --merange 24 --subme 10 --trellis 2 --rc-lookahead 60 --tune psnr --psnr 

x264 

Baseline 
profile 

--profile baseline --keyint infinite --ref 16 --partitions all --me umh --merange 24 --subme 10 --trellis 2 --
rc-lookahead 60 --tune psnr --psnr 

VP8 
--best --auto-alt-ref=1 --minsection-pct=0 --maxsection-pct=800 --lag-in-frames=25 --kf-min-dist=0 --kf-
max-dist=99999 --static-thresh=0 --min-q=0 --max-q=63 --drop-frame=0 --bias-pct=50 --psnr --arnr-
maxframes=7 --arnr-strength=6 --arnr-type=3 --passes=2 --ivf 
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Fig. 7. Rate-distortion (R-D) performance of VP8. 
 

 
(a) (b) (c) 

Fig. 8. Vidyo1 video sequence (1280×720 @60fps, Total 600 frames) (a) 200th frame, (b) 400th frame, (c) 600th 
frame. 

 

are related to the motion vectors in Vidyo1. 
On the other hand, VP8 has poor R-D performance in 

sequences with high or complex motion activity, such as 

Keiba (its R-D performance is slightly lower than that of 
the H.264/AVC baseline profile),as will be explained in 
detail in the next subsection.  
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Table 8. Proportion of prediction modes in VP8 (%).

 Intra NEARESTMV NEARMV ZEROMV NEWMV SPLITMV 
BasketballDrive 8.92  41.10  8.98  19.06  9.44  3.64  

Parkscene 1.46  46.45  12.22  14.32  12.70  11.40  
Keiba 12.23  44.02  9.60  1.99  10.84  9.08  

Mobisode2 16.37  12.76  2.57  43.10  6.47  2.35  
BQSquare 0.76  34.51  13.38  8.33  23.24  19.02  

Vidyo1 0.41  10.86  2.47  80.19  4.54   1.12 
 

Table 9. Rates of Alt-ref frame in VP8. 

 Total rates (Bytes) Rates of alt-ref frame (Bytes) Proportion of alt-ref frame (%) 
Basketballdrive 6,578,090 2,675,129 40.67 

Parkscene 3,749,606 576,587 15.38 
Keiba 1,227,176 0 0.00 

Mobisode2 1,138,833 161,153 14.15 
BQSquare 870,663 275,493 31.64 

Vidyo1 878,091 313,929 35.75 
 

 

3.2 Coding Performance of alt-ref Frame 
The Keiba sequence has a very fast motion, as shown 

in Fig. 9. A new object appears from the right side in the 
frames, and an occlusion region also appears. The 
backward or bi-directional prediction will be effective in 
this sequence. In VP8, the alt-ref frame is supposed to 
provide similar effects as the backward or bi-directional 
prediction; however, the alt-ref frame is not used in the 
Keiba sequence, as depicted in Table 9. Since the alt-ref 
frame is generated by the estimated macroblocks from 
temporally adjacent frames, the performance of alt-ref 
frame is poor in fast and complex motion sequences such 
as Keiba. Moreover, since a generated alt-ref frame should 
also be coded in the same way as the other frames are, it 
requires too many bits to encode the alt-ref frame. 
Therefore, in this case, the alt-ref frame is not used. 

Fig. 10 shows the effect of the alt-ref frame in VP8. To 
measure its effect, we switched the alt-ref enable option 
on/off in the coding configurations described in Table 9. 
As depicted in Fig. 10, the alt-ref frame helps to improve 
the coding efficiency in all of the video sequences. 
Specifically, the R-D performance of the Mobisode2 and 
BQSquare sequences are increased by almost 1 dB. Since 
the alt-ref frame has a similar effect to a backward or bi-
directional prediction, a sequence with many scene 
changes (Mobisode2) or a sequence with a new object 

appearing (BQSquare) can achieve good R-D performance.  

3.3 Analysis on Computational 
Complexity of VP8 

Table 10 shows the R-D performance and the decoding 
complexity reduction of VP8 according to its versions. 
Version 0 of VP8 is used for the anchor. To measure the 
complexity, we use the average time saving (AST) [8] for 
the complexity reduction, and we use BDBR and BDPSNR 
[10] for the R-D performance measurement. VP8 reduces 
the complexity by 25.66%, 35.49%, and 41.05%, 
depending on the versions. Although VP8 can control the 
decoding complexity and reduce it by up to 43.28% 
compared to the maximum complexity (version 0), 
consequent degradation in the coding efficiency is 
significant at almost -1.24dB in BDPSNR and 43.56% in 
BDBR.  

4. Conclusion 

In this paper, we describe the key characteristic coding 
tools of VP8 and analyze their performance in terms of the 
coding efficiency and decoding complexity. Although VP8 
has a similar structure to that of H.264/AVC, it also has 

(a) (b) (c) 

Fig. 9. Keiba video sequence (832×480 @30fps, Total 301 frames) (a) 25th frame, (b) 35th frame, (c) 45th frame.
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Table 10. Performance evaluation according to versions of VP8. 

Version 1 Version 2 Version 3 
Sequence BDPSNR 

[dB] 
BDBR 

[%] 
AST 
[%] 

BDPSNR
[dB] 

BDBR 
[%] 

AST 
[%] 

BDPSNR 
[dB] 

BDBR 
[%] 

AST 
[%] 

BasketballDrive -0.31 8.99 26.06 -0.46 13.70 34.79 -1.06 34.67 41.11 
Parkscene -0.64 21.91 27.13 -0.66 22.65 35.35 -1.82 48.42 44.11 
Mobisode2 -0.23 14.46 20.84 -0.26 16.53 30.99 -0.63 40.23 35.71 

Vidyo1 -0.38 9.90 28.61 -0.55 14.42 40.84 -1.45 43.59 43.28 
Average -0.39  13.82  25.66 -0.48  16.83  35.49  -1.24  41.73  41.05  

 

 

Fig. 10. Rate-distortion (R-D) performances of VP8 with respect to alt-ref frame. 

various distinctive coding tools to achieve good R-
Dperformance. In a test with 6 well-knownvideo 
sequences, it showed better coding performance than the 
H.264/AVC baseline profile except in the Keiba sequence, 
but worse coding performance than the H.264/AVC main 

profile for all 6 test video sequences. However, for a 
sequence with low motion activity, the R-D curve of VP8 
was close to that of the H.264/AVC main profile. In the 
case of sequences with fast and highly complex motion 
activity, its performance was worse than that of the 
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H.264/AVC main profile. VP8 can also take into account 
the decoding complexity and high coding efficiency, while 
its version information can control the decoding 
complexity. Although it can greatly reduce the decoding 
complexity, this is achieved at the expense of significant 
degradation in the coding efficiency. 
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