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ABSTRACT

Real-world video surveillance applications require storing
videos without neglecting any part of scenarios for weeks or
months. To reduce the storage cost, the high bit-rate videos
from cameras should be transcoded into a more efficient
compressed format with as little quality loss as possible. In
this paper, we propose a background model based method to
improve the transcoding efficiency for surveillance videos
captured by stationary cameras, and objectively measure it.
The background model is trained by pre-decoded I frames,
and then used to transcode the source stream. Following this
method, an H.264/AVC based transcoder employing the
background model as long-term reference frame and a
difference frame coding based transcoder are implemented
and evaluated. Experimental results show that both
trancoders save nearly half the used bits while maintaining
quality compared with the full-decoding-full-encoding
method, and the latter one has slightly better performance.

transcode,

Index Terms— Surveillance, archive,

background model, difference frame
1. INTRODUCTION

In surveillance applications, video archives should be stored
for weeks or months, which greatly enlarge the storage cost,
despite of the large capacity of hard disks. Besides, the
compress ratio of deployed surveillance cameras is usually
not very high, thus transcoding in compressed-domain is
required for converting a transmitted video stream from
surveillance cameras into another stream with higher
compress ratio.

There have been object-based methods for long-term
achieve. T. Hata ef al. [1] propose to transcode the stored
images in the compressed-domain based on the associated
object metadata, where background are encoded with low
quality. T. Hata et al [2] further import a mode for
displaying regions of interest in high-resolution and high-
quality and an overall view of the scene with low-resolution
and low-quality simultaneously. These object-based
transcoding methods significantly increase the compress
ratio, but will also modify the original content through

neglecting the subjectively separated background. These
subjectively measured methods cannot satisfy the
requirement for clues of investigation and court evidences.
Hence it is a most valuable research topic to transcode
stream from surveillance cameras at lower bit-rate and
similar performance with objective measurement like PSNR.
Although there are many traditional transcoding methods
with objective measurement, as referred in [3, 4], they are
always focused on transcoding speed.

Taking into account the fact that surveillance videos
captured by stationary cameras are more representative than
those captured by PTZ (pan/tilt/zoom) ones [5], it is
worthwhile to specially develop a video transcoding scheme
for surveillance video streams captured by stationary
cameras. Since scenes monitored by stationary cameras
usually have large and almost static background, which
typically remains the same for weeks or months in
surveillance tasks, background modeling can be introduced
to increase the performance of storage-oriented video
transcoding.

In this paper, a novel background model based scheme
is presented to transcode the surveillance video streams
captured by stationary cameras for video archives.
Surveillance streams are transcoded as follows: Firstly, I
frames are decoded independently, then background frames
are modeled using these pre-decoded I frames. After that,
each stream is decoded completely, and then the generated
background frames are used to re-encode the decoded
sequence. We can see that this method only introduces
delay by decoding I frames twice and background modeling
utilizing I frames, each of which consumes little time. The
influence is limited in real-time systems since real-time
video transcoding is usually easy to be implemented.

Following this method, we propose two practical
transcoders which are mainly different in the way of
utilizing modeled background frame. Then the proposed
transcoding method is evaluated through these transcoders,
where four outdoor long surveillance videos captured by
stationary cameras are encoded as input streams by High
Profile H.264/AVC, and the full-decoding-full-encoding
scheme is used as anchor. Experimental results show that
both trancoders save nearly half the used bits compared with
the full-decoding-full-encoding method.
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Figure 1. Framework of the proposed transcoding method

The rest of this paper is organized as follows. Section 2
presents an overview of the proposed method. Section 3
presents technical details of the two transcoders following
the framework of the proposed method. Section 4 shows
and analyzes the experimental results. Section 5 draws our
conclusion and describes our future works.

2. OVERVIEW OF THE PROPOSED METHOD

To realize more efficient schemes than the full-decoding-
full-encoding scheme, object-based transcoding methods [1,
2] are typically used. However, since the accuracy of
foreground and background segmentation cannot be
guaranteed, the traditional strategy of neglecting the
extracted background is not suggested in surveillance
applications. The framework of the proposed method is
shown in Fig. 1. It does not rely on foreground and
background segmentation, so the inherent problem of
object-based methods can be avoided.

As depicted in Fig. 1, each source stream is divided into
Super Group of Pictures(S-GOPs) and transcoded S-GOP
by S-GOP. Each S-GOP may contain a number of
traditional GOPs, each of which has only one I frame. On
that basis, framework of the proposed transcoding is
composed of two source stream decoders, one background

modeling module and one background model based encoder.

Among them, the two decoders in Fig. 1 should accord with
the source stream.

While transcoding, [ frames in each S-GOP are
independently decoded in advance. Utilizing the decoded I
frames for training, one background frame is generated by
the background modeling module. After that, each frame in
the source stream is firstly decoded, and then re-encoded by
a background model based encoder, which also encodes the
modeled background frame into the final transcoded stream.
In a word, the final transcoded stream is composed of the

coded background frame and the re-encoded sequence
frames. Following this method, different transcoders can be
practically produced with different implementations of the
built-in module, which will be referred in section 3.

3. BACKGROUND MODELING BASED
TRANSCODERS

As shown in section 2, there is no limit on the details of the
background modeling module and background based
encoder/decoder in the proposed method. In this section, we
introduce an effective background modeling algorithm, and
then propose two practical transcoders following the
algorithm and transcoding method. These two transcoders
are different in the way utilizing modeled background
frames.

3.1. Background Modeling

A proper background modeling algorithm is important
for the transcoding efficiency of this framework. In our
previous work [5], the following four steps are required for
an efficient mean-shift background modeling algorithm: (1)
selection of representative points; (2) mean-shift procedure
to get the candidate models; (3) deriving the candidate
model by a merge procedure; and (4) obtaining the reliable
background model represented by a frame. In this paper, the
decoded I frames of each S-GOP are used for background
modeling.

3.2. Difference Frame Coding Based Transcoder

In our proposed method, as shown in Fig. 1, the background
model based encoder utilizes the background frame to re-
encode the decoded sequence. In order to avoid foreground
and background segmentation, we propose to utilize
difference frames, which are generated by subtracting
reconstructed background frame from decoded sequence
frames, to re-encode the decoded sequence. With
H.264/AVC source stream as input, a practical instance
utilizing H.264/AVC encoder/decoder is shown in Fig 2.
The details of difference calculation are described as
follows.

Surveillance Transcoded
video stream| 11264/ AVC __,| Difference H.264/AVC | Stream
Decoder Calculation Encoder L
Reconstructed
Background
I Frame H.264/AVC
ames Decoder
Background T
F
|| H264/AVC | | Background Tame | H.264/AVC
Decoder Modeling Encoder

Figure 2. Difference frame coding based transcoder
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Supposing s(x, y) is an 8-bit pixel value in a decoded
frame and b(x, y) is an 8-bit pixel value in the reconstructed
background frame, we can calculate their difference by
subtracting b(x, y) from s(x, y), and the result is in the
interval [-255, 255]. To make the value positive, we shift
the interval to (0, 511] by adding 256:

r(x, y) =s(x, y) - b(x, y) + 256, €))
Apparently, #(x, y) is a 9-bit value, so this transcoder
employs a 9-bit encoder to compress the difference frames.

As for the decoding process of the final transcoding
stream, firstly the difference frames are decoded, and then
the reconstructed frames can be obtained as follows:
Assuming b'(x, y) is a pixel value in the decoded
background frame and »'(x, y) is a pixel value in the
decoded difference frame by 9-bit H.264/AVC decoder, we
calculate the reconstructed frame pixel value c(x, y) by:

0 d'(x,y) <0
c(x, y)=4255 d'(x,y) >255 )
d'(x,y) 0<d'(x,y)<255
where d'(x, y) is defined as:
d'(x,y)=b'(x,y)+r'(x,y)-256- 3)

3.3. Long-term Reference Coding Based Transcoder

An alternative implementation is to employ the
reconstructed background frame as an additional long-term
reference while coding the decoded sequence. In practice,
this transcoder utilizes H.264/AVC to encode background
frames with “output_flag” in
“nal_unit_header _svc_extension” [6] of “NAL unit syntax”
set to 0, and re-encodes decoded frames from input stream

with reconstructed background frame as long-term reference.

Note that the final transcoded stream of this transcoder
accords with the H.264/AVC stream format, and can be
directly decoded by H.264/AVC encoders. Comparing with
the full-decoding-full-encoding scheme, this transcoder is
also proved much more efficient.

4. EXPERIMENTAL RESULTS

4.1. Experiment

Setup

Overbridge-cif  Street-cif
Figure 3. Test sequences used for generating input streams

Table 1. Configurations of Used JM 16.0

Configuration Name | Description | Configuration Name | Description
Used MODE ALL Rate Control Disable
GOP Length 30 SAD Method Hadamard

1/P/B Search Mode ALL Profile/Level IDC | High Profile
MOtlﬁ;iﬁ?atwn UMHexgonS| RD Optimization conI:Iplige})l(i ty
8x8 Transform Mode Enable Entropy Coding CABAC

Number of Reference 5 Coding Structure IBBP
Search Range 64 Framerate 25

In this section, three transcoders are evaluated, including the
full-decoding-full-encoding scheme (namely FDFE), the
proposed transcoder referred in 3.2 (namely DFCBT) and
the proposed transcoder in 3.3 (namely LRFCBT).
H.264/AVC decoder and encoder of software JM 16.0 in
High Profile are utilized as the built-in module of these
transcoders. Common used configurations of JM 16.0 in the
three encoders are listed in Table 1.

To achieve better coding efficiency, background frames
are encoded with QP = 0. Such encoded background frames
increase total transcoding bits, so this coding scheme will be
more feasible for long S-GOP and long sequence (length of
S-GOP is set to 3120 in this experiment). To our best
knowledge, there are no publicly available long sequences
with still background. Therefore we employ four
surveillance sequences contraining 3120 frames as listed in
Fig. 3, including three captured by ourselves and the
sequence Street-cif [7] from AVS work group. The camera
system is composed of a broadcast-quality high-definition
camera Panasonic “AJ-HPX3000MC” and a data
acquisition board “Bluefish Epoch Horizon”. The first three
CIF sequences are cropped from the center region of HD
sequences. To evaluate the three encoders, each of the four
CIF sequences is encoded by High Profile JM 16.0, with the
bit-rate around 800kbps and 400kbps, and then used as
input streams for transcoding.

While evaluating, the three transcoders transcode
source streams to lower bit-rate ones, and the final PSNR is
calculated between the frames decoded from source stream
and the reconstructed frames of the transcoded stream.

4.2. Performance Evaluation

The transcoding results of the three transcoders are
listed in Table 2. Fig. 4 shows the RD curve for Bank-cif at
about 800kbps. Experimental results show that, compared to
FDFE, LRFCBT gains 1.83dB to 3.46dB while source
streams are at about 800kbps (equivalent to bit-rate decrease
from 37.16% to 71.80%), and 2.10dB to 3.48dB while
source streams are at about 400kbps (equivalent to bit-rate
decrease from 36.53% to 62.89%). The average PSNR gain
is 2.40dB and 2.89dB (equivalent to bit-rate decrease
reaches to 48.51% and 46.10%) for 800kbps and 400kbps.
Compared to LRFCBT, DFCBT further achieves
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0.03dB/4.52% at 800kbps and 0.04dB/3.16% at 400kbps on
average.

We can firstly summarize from the results that our
proposed method can achieve nearly 50% bit-rate decrease
while maintaining the objective performance in PSNR. This
result is reasonable because the proposed two transcoders
utilize the modeled background as some form of additional
reference to re-encoded the decoded sequence, but import
only stream of one background frame every a S-GOP.
Adding a few bits but saving bit-rate in every frame, that is
where the bit-rate decrease lies.

Secondly, DFCBT saves slightly more bit-rate than
LRFCBT. That is because we employ motion compensations
on each encoding frame twice, the first is the direct
background compensation through subtracting, and the
second is employing traditional encoding techniques on
difference frames. However, there is still space to make
DFCBT more efficient, because the “foreground pollution”
produced by subtracting decoded frames from background
frames will reduce the efficiency of motion estimation.

5. CONCLUSION

In this contribution, we proposed a novel background model
based method to save storage cost of surveillance videos by
transcoding surveillance video stream from deployed
stationary cameras or PTZ ones in stationary manner.
Following this method, two transcoders with different
coding methods for decoded sequence are proposed without
any neglecting of background. One was to encode with the
modeled background as long-term reference, the other was
to encode difference frames. Experimental results with full-
encoding-full-decoding method as anchor show that, the
proposed method significantly decreases bit-rate with little
objective loss in terms of PSNR.

For future work, we will engage to design a solution
merging the advantage of the two proposed transcoders to
solve the problem that foreground of the difference frame
may be polluted by subtracting background. For example,
we will utilize mode decision in these two methods for each
macroblock to find a best method with minimum rate-
distortion cost. Moreover, a solution adaptive for videos
captured by PTZ or stationary cameras will be further
studied. Besides, utilizing current transcoding techniques to
accelerate our proposed two transcoders will be considered.
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Table 2. CIF Streams Transcoding Results

Stream LRFCBT vs FDFE | DFCBT vs LRFCBT
Sequence Birate PSNR Gainl Bit-rate PSNR Gainl Bit-rate
Change Change
Bank-cif 800k 2.28 -47.34% 0.21 -8.71%
Crossroad-cif | 800k 2.04 -37.16% -0.37 12.53%
Overbridge-cif| 800k 1.83 -37.75% -0.05 3.05%
Street-cif 800k 3.46 -71.80% 0.31 -24.95%
Average 2.40 -48.51% 0.03 -4.52%
Bank-cif 400k 3.13 -62.89% 0.22 -12.20%
Crossroad-cif | 400k 2.84 -48.08% -0.48 12.37%
Overbridge-cif| 400k 2.10 -36.53% 0.07 -1.97%
Street-cif 400k 3.48 -36.87% 0.36 -10.84%
Average 2.89 -46.10% 0.04 -3.16%
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Figure 4. RD curve of sequence Bank-cif at 800kbps
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