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Abstract-This paper considers a video coding system for (through down-sampling) a full-view video at low resolution
surveillance applications. It consists of one "base encoder" and an ROI video at the original resolution. Another
that encodes a down-sampled, full-view version of the input requirement of the system is that, unlike the conventional
video sequence and one "region of interest" (ROI) encoder scalable video coding schemes, each of the compressed
that encodes an ROI of the video sequence at the original video bitstreams should be independently decodable. For
image resolution. An important requirement of the video this reason, each of the full view video and the ROI videos
coding system is that the ROI bitstream and the base bitstream needs one encoder, as shown in Figure 1. The architecture
should be independently decodable. We explore the of the surveillance system under consideration is shown in
inter-relationship between the full-view video sequence and the Figure 2. The system consists of a base encoder to encode
ROI video sequence and apply it to improve the computational the down-sampled, full-view video and an ROI encoder to
efficiency of the ROI encoder. The proposed algorithm
achieves an average ofl170% speedup. encode ROI sequence at the original camera resolution.Note that there may be more than one ROI in a video

I. INTRODUCTION sequence. For simplicity, only one ROI is considered in
this paper. However, the algorithm can be applied to

In the last decade, many useful video coding algorithms dealing with multiple ROTs.
have been developed and adopted in various video coding
standards such as H.263 and MPEG-4. Video signals are Since the ROI sequence and its corresponding region in
compressed before storage or transmission over networks by the base sequence have the same content but at different
exploiting spatial and temporal redundancies. High data resolutions, it is expected that certain spatial correlations
compression efficiency brought by these digital video coding exist between these two sequences. Therefore, we can
standards makes possible the wide deployment of video exploit such correlations in the encoding process to save the
surveillance systems. computational cost. Our goal is to reduce the

computational complexity of the ROI encoder while
Most video surveillance systems today provide full-view maintaining its output video quality.

videos. However, for security reasons, it is often required
to show some specific regions of a video in more details than
the other parts of the video. Such regions are often called W
regions of interest (ROI). In a conventional surveillance
system, one single (fixed or pan-tilt-zoom) camera cannot Gai j*§iedJnt . FJ .l Vid6oout
provide both the full-view video and the ROI video at the
same time because they have different resolution
requirements. High resolution is preferable for the ROI
while low resolution is sufficient for the full-view video. V 04t

Although using two cameras simultaneously may work, the
cost is doubled. Besides, the synchronization betweenRO
cameras is not a trivial issue. | ne

In the system described in this paper, we use one
high-definition camera to capture the video data and produce

Figure 1. The base and ROI encoders and a high-resolution camera.
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first entry in this row indicates that 24.2% of such ROI
blocks are coded with the SKIP mode by the ROI encoder.

q_g | Likewise, when the base encoder chooses the SKIP mode for
a block, the probability that the ROI encoder also chooses

WOOc!t the SKIP mode for the corresponding ROI block is 76.40.
Note that the probability that both encoders choose the Intra

I__ __ M 11 4x4 mode is 51.2% and the P8x8 mode 41.4%. These
4X_V O results support our conjecture and suggest that the coding

modes for ROI blocks can be predicted from their

Figure 2. System architecture. We consider only one ROI encoder in corresponding blocks in the base sequence.
this paper.

This paper is organized as follows. The analysis of the
B S/

mode correlation between the base and the ROI sequences is
given in Section II. Section III describes the proposed
method for fast mode decision in detail. Section IV shows
the simulation results, followed by a conclusion in Section
V.

II. MODE ANALYSIS JOI SequenL

A. Inter mode analysis
Intuitively, it should be highly likely that the best coding Figure 3. Corresponding region

modes chosen by the ROI encoder and by the base encoder
for corresponding blocks are the same. That is, when the
base encoder encodes a macroblock with, say, the SKIP Moreover, we collect the mode information from all the
mode, the probability that the ROI encoder also encodes the base sequences and find that 4000 of the macroblocks in the
corresponding macroblocks with the SKIP mode should be base sequences are coded with the SKIP mode, 25% ofthem
high. are coded with the 16x16 mode, and 20% are coded with the

P8x8 mode. As mentioned before, the probability that both
the base encoder and the ROI encoder choose from any one
of these three modes is high. Therefore, for more than half

ROI
S 1 F 1 P8x8 14MB13 I6 of the macroblocks in the ROI sequence, the best mode is

\ SKIP 1x6116x8 18x16~I__P881I4M 1_I6M_ .lBase r 36 2l 07 lkelyto be predicted correctly.
| SKIP |76.4 13.1 3.6 3.5 2.7 0.1 0.7
116x16 24.2 34.8 9.7 9.1 20.7 0.8 0.8 By predicting the best mode, we can greatly reduce the

16x8 21.9 32.2 13.0 10.3 19.9 1.6 1.1 computations in the ROI encoder and, if the best mode can
8x16 22.6 31.6 10.6 12.3 19.8 1.8 1.2 be predicted correctly, we can also maintain the video quality.
P8x8 7.2 27.2 10.9 10.5 41.4 2.2 0.3 The proposed algorithm uses multiple modes as the
4MB 16.0 111.1 [6.66.6 110.0 151.2 18.5 prediction candidates to improve the prediction accuracy to

I16MIIB 48.1 11.6 [3.3 3.2 1.4 |6.6 25.81 achieve this goal. The detail is described in Section ImI.
B. Intra-prediction mode analysis

To verify our conjecture, we tests 8 sequences (Silent, Since high correlation exists between the best inter mode
Tempete, Flower, Container, Foreman, Mobile, Stefan, and of the base encoder and of the ROI encoder, we expect
Mother & Daughter) with H.264 reference software JM 8.5 certain correlation also exists between the best intra- modes
[1]. The ROI sequences are in CIF resolution, while the ofthe two encoders.
base sequences are in QCIF resolution.

The Intra4x4 mode distribution is shown in Table II.
The spatial relation between the base sequence and the As expected, it is highly likely that both the two encoders

ROI sequence is shown in Figure 3. The resulting coding choose the same intra mode. Besides, we also note that
modes determined by the JM 8.5 reference software is shown whether the best intra mode of the base encoder is, the
in Table I, where P8x8 denotes the set of modes {8x8, 8x4, probability that mode 2 (DC mode) to be chosen as the best
4x8, and 4x43, 14MB denotes the Intra 4x4 mode, and prediction mode is always high in the ROI encoder.
116MB denotes the Intra 16x16 mode. Here, for each mode Therefore, not only the best intra mode in the base sequence
chosen by the base encoder, we show the distribution ofthne for the corresponding blocks would be included as a
best modes determined by the ROI encoder. As an example, prediction candidate, but also the DC mode.
the 2n row indicates the mode distribution for ROI blocks
that correspond to the base blocks of the 16x16 mode. The
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Table Imf shows the Intral6xl6 mode distribution, most possible mode is the P8x8 mode with 41.4%
which is similar to Table II. We can also observe that the probability; when the corresponding region in the base
mode 2 (DC mode) always has good chance to be the best sequence is encoded with the Intra4x4 mode, the most
one. possible mode is the Intra4x4 mode with 51.2% probability,

as shown in Table I.
C. Chroma-prediction mode analysis

When a macroblock is going to be encoded as an intra V
block, it has good chance that the macroblock chooses DC IT.4 INTR 16 16
mode as the best chroma mode. As shown in theTable IV, .. -

whether the best chroma mode of the base encoder is, the
probability that DC mode (mode 0 in the chroma modes) is 16x.6
chosen as the best mode is always high. In addition, the SP 16X0 16

probability that the two encoders choose the same chroma 6 16
mode is also higher than the other ones except the DC mode. - F--!EEH ,

8x16
US INTRA4x4 INTRA16x16

TABLE II. INTRA4X4 PREDICTION MODE DISTRIBUTION (%)

\ - 5 ~~~~ ~ ~~~~ ~ ~~~~~~~~~~~~~P8xXSKIP f6x16 PWx INTtRA 4x4 WArRtAMA6xBase 0 1 2 3 4 5 6 7 8
ROI _ C=

0 38.0 4.1 5.3 10.3 8.3 16.7 6.5 17.3 6.6 INTRA4 SKIP 1 X6 PW INTRA 44
1 6.2 46.6 7.4 10.1 10.8 8.5 20.8 8.6 23.2

2 35.1 30.2 73.5 30.1 25.6 26.0 24.0 25.1 24.3
INTRA 16x16 SKIP 1 6 INTRA 1616

3 3.7 2.3 2.6 18.6 4.5 5.0 4.1 12.2 7.8 Figure 4. Mode prediction in the ROI encoder

4 3.0 2.7 2.2 4.9 21.1 10. 10.4 5.1 3 Since the mode set {16xl6, 16x8, and 8x16} do not have
5 4.33 1.9 1.9 4.5 9.3 17.2 5.0 1 5.2 4.0 obvious tendency, the proposed algorithm check all the
6 2.47 5.0 2.5 4.9 10.8 5.9 19.1 4.6 6.4 modes as usual. Besides, as shown in Table V, when the

l_____ ___ ___ ___ ___ ___ ___ JL ___ ___ l__ base encoder chooses the mode set { 16x16, 16x8, and 8x161
7 4.8 1.7j 2.0 8.9 4.2 5.2 3.5 1[15.41 5.1 and the ROI encoder chooses the P8x8 mode, more than 5000
8 |2.5 15.6 2.6 7.8 5.5 4.8 6.5 |6.3 17.3 of the macroblocks in the ROI sequences would be encoded

with the 8x8 mode. Therefore, instead of the mode set
{8x8, 8x4, 4x8, 4x4}, only the 8x8 mode is chosen as a

TABLE III. INTRA16X16 PREDICTION MODE DISTRIBUTION (%) prediction candidate in this case. Note that the SKIP mode
Base Il 2 3

and the 16xl6 mode are frequently chosen as the best mode.
IROI 0 1 1 1 21 3Therefore, these two modes are always included as the

0 22.2 17.5 16.9 21.2 prediction candidates. Also note that the P8x8 mode is one
1_1 23.2 28.7 22.7 23.5 of the prediction candidates for the Intra 4x4 mode, because

2 36.2 35.7 42.4 35.3 both modes are often used to encode a complex region.
I 3 1 18.4 18.1 18.0 20.0

TABLE V. CHROMA PREDICTION MODE DISTRIBUTION (0) TABLE V MODE DISTRIBUTION (%) WHEN THE P8X8 MODE IS THE

BEST MODE IN THE ROI ENCODERBase 0 1 2 3______________________|R I__ I_ I 2 _1 3__I_RI_1_
|0 | 99.3 | 70.4 | 71.8 |R61.7 ROI 8X8 8x4 4x8 4x499 _370_471_861_ Base.

____ 1 ____ 0.321.5 4.9 15.3 ~~~~~~~~~~~16x1652.2 22 18.7 7.1
2 0.3 3.9 19.0 13.1 16x8 52.3 19.5 21.1 7.1
3 ____ 0.1 4.3 4.2 9.9 8x16 50.6 20.8 20.3 8.3

III. ALGORITHM DESCRIPTION

For each block type, more than one mode would be used The Intral6xl6 mode and the Intra4x4 mode are used to
. . . ' . . . ~~~~~~encode the regions containig new objects and have greatas prediction to improve the prediction accuracy, as shown in ienceo therefortectw intrame area

Figure 4. The most possible mode is set as one of the always inclded asithe pred on tesin thes are

prediction candidates for each mode. Usually, the most
posibl mod is th sam as th bes mod chse byth encoder. According to the analysis in the previous section,,. . ~we propose to turn on two Intra-prediction modes only,bas enodr Fo exml,whe the corsodn reio which are the DC mode and the prediction mode chosen byin he aseseqenc isencdedwit th P88 mde,the the base encoder in the corresponding region, instead of
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turning on all the Intra-prediction modes (9 modes in decomposes the video data into one full-view but low
Intra4x4 and 4 modes in Intral6xl6). We also apply the resolution sequence and one full-resolution ROI sequence.
same rule to Chroma prediction. By reducing the prediction The two video sequences are encoded separately to allow
modes, the proposed algorithm reduces the RDO calculation independent decoding so that any data loss of the base
from 592 to only 68 and saves a lot of encoding time. sequence during transmission will not affect the video

In the proposed algorithm, we predict the most possible quality of the ROI sequence. The ROI encoder we have

modes in the ROI based on the mode information of the developed is able to reduce the encoding time to half The
computational efficiency of the ROI encoder is accomplishedcorresponding macroblocks encoded by the base encoder. b exling te nereaiosp btw nth RO

Each blocktype has more than 8000 accuracy, and thus we
can improve the computational efficiecy of the ROI encoder sequence and the full-view sequence. Although we only

consider one ROI encoder in this paper, the method is readilywhl mantinn th oupu vie quliy Th p 1rose applicable to cases where more than one ROI encoder are
mode prediction requires only little memory overhead for app led.
saving extra mode information of the corresponding regions employed.
in the base sequence.

IV. SIMULATION RESULTS TABLE VUI. PSNR COMPARISON

The proposed algorithm is implemented in the H.264 [ Sequence BDPSNR BDBR Encoding 1
reference software JM 8.5. In our simulation, the search (CIF) (dB) (%) Speedup
range of motion estimation is set to + 16 pels for QCIF Mobile -0.47 4.04%0 1.66
resolution and +32 pels for CIF resolution. Apart from Tempete JL -0.15 1.73%0 1.74
the first frame, all the other frames are encoded as P frames. Flower -0.21 2.73%0 1.68
Furthermore, R-D optimization, Hadamard transform, and M&D -0.15 1.83% 1.66
CAVLC entropy coding are turned on for all the tests. All Container -0.15 1.687% 1.67
block modes and one reference frame are used for both Foreman -0.17 2.48% 1.74
encoders. The detailed simulation conditions used in H.264 Stefan -0.41 4.26% 1.67
reference software are shown in Table VI. The simulations Average [ -0.23 2.58% 1.70
are performed on a PC with a Pentium IV, 2.4 GHz CPU and
a 768 MB RAM. REFERENCES
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