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Abstract—With the growth of digital video surveillance mar-
kets and requirements of high-quality surveillance data, a
efficient video compression technique that is suitable for ideo
surveillance applications and is compatible with emergingoding
standards, e.g., H.264, is required urgently. This paper psents
the method and the corresponding system using region-of-farest
H.264 video coding based on constraint variable bitrate camol
for multiple moving priority regions. The proposed M ultiple
Moving region-of-interest (Rol) macroblock decision and an Rol-
based @nstraint V ariable Bitrate C ontrol called MM-Rol-CVBC
are able to identify each MB coding priority and increase PSNR
(recognition rate) of automatically or maually detected Ra. In
comparison with H.264 JM fixed-quantization parameter coding,
H.264 JM constant bitrate control (CBR) and other Rol coding
algorithms, the proposed MM-Rol-CVBC method can obviously
enhance the quality of Rol with less coding complexity in suject
to the target bitrate.

Index Terms—region-of-interest coding, H.264, video surveil-
lance, bitrate control.

1. INTRODUCTION

In pre-object segmentation and tracking, Hu. et al. deedrib
the standard procedure, including environment modelirg, m
tion segmentation, object classification and motion tnagki
[2]. In the aspect of environment modeling, Wang. et al.
adjusted camera parameters to acquire best video qualities
based on external information on brightness, contrast, and
location [3]. Then, regional motion segmentation and frame
differencing were adopted to separate different objectstion
from a static background [4]. In the calibrated global space
segmented objects can be tracked using techniques of color
histograms or a gradient-based foreground detection [&]. B
sides, FMO (Flexible Macroblock Ordering) is an emerging
tool specified in H.264 baseline and extension profiles. FMO
is able to group distinct object-MBs into distinct slicesdan
related information is recorded in a MB assignment map
(MBAmap). Then, distinct slice groups can be coded or trans-
mitted with distinct coding/transmission priorities toh&ve
goals of Rol-based video coding or error-resilience chbnne
coding [6]. However, FMO is not supported by the main profile
and too complicated to encode/decode in real time for the

With the growth of digital video surveillance markets and '%ideo surveillance application

qguirements of high-quality surveillance data, traditiovideo

In post-bit rate control, well-known rate control methods,

compression techniques are not enough to resolve several 1563 TMN [7], MPEG-4 VM [8] and H.264 JM, play

emerging challenges, e.g., higher coding complexity angfo

recognition rate on human eyes’ region-of-interest (Roius,

a novel video compression technique that is compatible wi
the emerging coding standard, e.g., H.264/AVC [1], is respli

major roles to allocate proper bit budgets and adjust the
uantization parameter(P) to minimize visual distortion
iﬂ?subject to limited bandwidth resources. However, these
methods of traditional rate control consider that priestiof

to improve the quality of Rol with Igss coding complexitya” MBs are the same with each other. This assumption is not
Although Rol-based video compression was well researchgﬂ,ays correct for surveillance applications because tiomes

for other video coding standards, it is still interesting fe-

Rol has less difference signals (complexity) but need mdre b

lated H.264 video surveillance applications because Oﬂwewbudgets. For surveillance applications, multiple objeased
defined profiles/tools in H.264 and multiple objects moving ivideo coding was further proposed in MPEG-4 (ISO/IEC

the surveillance environment.

14496), which is able to compress separated objects, cempos

The_ major concept of Rol-based Yideo_ COdi”Q Is to enhangg hem using a scene descriptor and represent them indtisti
the visual quality of human eyes’ region-of-interest (ngpatiotemporal cyberspace. Among these methods of neiltipl

and sacrifice the quality of non-Rol by dropping more higrbbject video coding
frequency coefficients. The procedures of Rol-based vidgp individual Rol '

to increase PSNR (recognition rate)
past Rol-based bitrate control attenapte

coding can be mainly classified into two aspects: (i) presobj , gjigcate distinct number of MB bit-budgets to multiple-

segmentation and tracking and (ii) post-bitrate control.
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level priority MBs (objects) based on remaining bit budgets
and coding complexity, i.e., higher priority, more bit-lyeds
[9][10]. However, these improved Rol-based bitrate cdntro
methods need (i) preload and preanalyze latéiames or (ii)



a complicated quadratic R-Q (rate-quantization) function
updateQP and its parameters. Thus, it is also not suitabl |
for the real-time surveillance application because of muc |
computing time-consumption. "
In this paper, we propose a method and system of regio
of-interest H.264 video coding using constraint variabteake
control for multiple moving priority regions, called MM-Ro
CVBC. MM-Rol-CVBC contains two technical contributions:
(i) multiple moving region-of-interest MB decision and) ii
an Rol-based constraint variable bitrate control algarith
According to object-tracking results, the proposed midtip
moving region-of-interest MB decision is able to identifych
MB priority. Then, MBs can be classified into three levels;
Priority 3: Background, Priority 2: Rol-contour extension
and Priority 1: Rol itself. Distinct prioritylevel MBs caneb
aSSIQned. distinct QPs. According to the characteristichef tFig. 1. The tracking results of thelall standard video using Chesnokov
human visual model) P-delta valuesA; andAs, can be de- yyriy's object tracking algorithm.
termined, e.g., & P-set{QPror, QPror*+A1, QPror+As}
for Rol, Rol-contour extension and Background, respelstive
QPror can be initialized properly based on the target bitrate ¢, ;ibrated Point
and frame spatiotemporal resolutions. Since frame cornitplex
(MAD) and Rol are different in each frame, the output bitrate
will vary frame-by-frame. Thus, the proposed MM-Rol-CVBC
can be regarded as the extension of variable bitrate coftvol
further control total output bitrate, we propose the caistr
variable bitrate control algorithm to adju&Pro; and avoid
the encoded bits exceeding or being below the target hitrate
The rest of this paper is organized as follows. Section 2
introduces Yuriy’s object tracking algorithm and proposed
multiple moving region-of-interest MB decision. Section 3
introduces the proposed Rol-based constraint variabtateit F19- 2. The manually user-defined Rol in the CIF Foreman video
control algorithm, including P-delta selection, frame-level
QProy initialization andQ Pro; adjustment. Section 4 ex-
hibits experiment results. Section 5 has concluding remarkmultiple moving Rol MB decision, three major issues we
concern are as follows:

2. THE PROPOSEDMULTIPLE MOVING Rol MB DECISION 1) How to determine each MB coding priority efficiently at
IN MM-RoI-CVBC given information about blobs’ positions and sizes, and
record them in an Rol mapping table.
2) How to determine each MB coding priority when mul-
tiple blobs overlap.
3) How to determine each MB coding priority when object

In the aspect of object tracking, Chesnokov Yuriy's object Fracklmg f ails, e.g., no objects are detected when external
. ) . ) o e illumination changes.
tracking algorithm published in CodeProject is modified for
satisfying our system requirements firstly [11]. The way of T0 resolve the aforementioned technical problems, the
Yuriy’s object tracking is to compare a pre-defined backroposed multiple moving region-of-interest MB decisien i
ground with incoming captured images and draw each objed?&PPosed and is depicted in Fig. 3. Six major steps are as
boundary (called blobs) based on their motion vectors affflows:
RGB differences. Fig. 1 shows tracking results of tHaellStep 1. Set the priority of all MBs as 3 (Background).
standard video using Yuriy’s algorithm, in which multiBeep 2. If no object is detected or object tracking fails, R
tracking objects’ blobs can be recognized and marked. In  mapping table is the same as the previous one temporally
addition to automatic object-tracking, Rol can be also user  and go back to Step 1; otherwise, go to the next recursive
defined manually, e.g., Rol made by the upper left cornertpoin  multiple moving region-of-interest MB decision.
(called the calibrated point), the frame height is 162 (DiSeep 3. Find the index of MBs located within each detected
and the frame width is 226 (pixel), which is shown in Fig. 2. object from the coordinationz(y) to (x + w,y + h),
According to detected object’s information, each MB coding in which (z,y) is the calibrated positiony is the object
priority can be classified into three levels: 3- Background,  width andh is the object height. Then, the priority of
2- Rol-contour extension and 1- Rol itself. In the proposed these MBs was assigned Priority 1 (Rol).

Fig. 1.4 The 47 frame in Hall Fig. 1.5 The /52% frame in Hall | Fig. 1.6 The 222" frame in Hall

In this Section, we will integrate Yuriy’s object tracking
algorithm in MM-Rol-CVBC and introduce our proposed
multiple moving region-of-interest MB decision based on
tracking results.
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The results of the proposed multiple moving Rol MBigien in

Rol MB decision using MM-Rol-CVBC, including the defi-
nition of MB coding priority and the generated Rol mapping
table.

3. THE Rol-BASED CONSTRAINT VARIABLE BITRATE

Utilize a 3x3 matrix to determine MB indexes of Rol,

CONTROL ALGORITHM

Rol-f:ontour extension and its f:oding .priority. Referring |n Section 2, the proposed multiple moving Rol MB de-
to Fig.4, the central cell of this matrix belongs to thejsjon is able to determine the coding priority of multiple
detected object’s contour and the other eight surroundifi¢hying MBs and generate the Rol mapping table. According

matrix cells belong to the Rol-contour extension.

to the Rol mapping table, Rol, Rol-contour extension and

Chgck the .priority of Rol-contour gxtgnsion MBs WheBackground are assigned@P set{QPror, QPrortA1,
multlple objects.overlap. If the priority has' been asg)p ., +A,}, in which 0<A;<A,. Itis because "largef) P,
signed 1 (Rol), it means that this MB falls into othefnore distortion” in the traditional rate-distortion mod€hree

(Rol-contour extension).
Repeat Steps 2-5 until all detected objects are pro-
cessed. The final Rol mapping table is presented
as mROI[i][j], in which ¢ means the MB index,
m_ROI[:][0] is the index of the detected object, which
the i** MB belongs to, and nROI[:][1] is the priority

of the i*" MB.

Fig. 5 shows the results of the proposed multiple moving

1) The@P-delta A; and As) selection: Let us consider

the following situations: (i) The small€p P-delta values
may result in slight blocking effects because the PSNR
difference of adjacent MBs is smaller. But the quality
of Rol is similar to that of non-Rol, the effect of Rol
video coding is not obvious and less bitrate can be
saved. (ii) The large@ P-delta value is able to increase
PSNR of Rol and save more bit-rates by dropping high
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Smaller bpp,
(35, 40, 50) Larger QP-set
coefficients of the background. How to determing
and A, in consideration of the characteristic of human @5, 30, 40)
visual model and Rol-based video coding is our first o
research issue to be addressed.
2) The initial QPgro; decision: How to determine the
proper initial Q Pro in consideration of the character- 20, 25, 35)
istic of captured videos.
3) The dynamic parametef)Pro; adjustment: In our
proposec_i MM-Rol-CVBC, since each f_rame has distinct S
complexity and all MB QPs are determined based on the (10.15,25)
importance of distinct regions in advance, the numbers \

of encoded bitrate of each frame are different with each

other. It belongs to variable bitrate video coding. Thugi9- 7. The procedure of the initi) P-set decision.

the third research issue is how to adjust the parameter

QP ro;s to make the encoded bitrate approach the target

bitrate in subject to the storage capacity or bandwidth In the second issue, a proper initi@lPro; can be deter-
resources in the surveillance environment. mined based on the target bitrate and frame spatiotemporal

resolutions. A paramet bits per pixel) is given b
In the first issue, the relationship of Distortion-Quantiaa P @p ( per pixel) is g y

is modeleq bqsed on many gathered standa\_rd_ video sequences bpp = T/(F - h - w) 1)

at the beginning. Considering the characteristic of the dnum

perception, PSNR30dB) is usually regarded as the miniwhereT" is the target bitrate}" is the frame rateh is the
mum acceptable video quality (Level3), and PSNR:QdB) height andw is the width.

is regarded as the excellent quality (Levell) [12]. Withimss ~ Fig. 7 shows the procedure of the initi@lP-set decision,

of generality, the average PSNR (34dB-36dB) is regarded iaswhich L1, L2 and L3 are three thresholds depending
the middle video quality (Level2). Thus, in our work, vide®n the frame spatial resolution. Through a great number of
qualities can be classified into three levels for Rol-basddos Off-line experiments, one of fou@P-sets, e.g., (35,40,50),
coding: Level3 for Background, Level2 for Rol contour exten(25,30,40), (20,25,35) and (10,15,25), are selected vipen
sion and Levell for Rol. Fig. 6 depicts the result of Distomti and thresholdd.1/L2/L3 are known.

Quantization curves, in which the dot curve is drawn for In the third issue, the quantization parameter of Rol should
higher-complexity data and the solid curve is drawn for lswebe updated frame-by-frame based on object-tracking sesult
complexity data. From the observation of Fig. 6, proper Qfsiffer fullness and the difference of encoded and target bi-
regrading distinct quality levels should b5,30,4Q and trates. Fig. 8 shows the dynamic paramélé?r,; adjustment,
{18,24,33 for distint complexity data. Thus, reasonalgé>- Which is listed as follows:

delta valuesA; and As are 5 and 15, respectively, in tBéep 1. If no object is detected, a uniforghP-set (40,40,40)
QP set{QPror, QPror+A1, QPror+As}. It satisfies the is assigned to quantize all MBs, and then discard the
condition of QP-delta [-25,26] in H.264. Beside$)Pror following control procedure.

is within [1,31] because all H.264 quantization parameséep 2. Calculate current buffer fullne$s by B, = B, —
should be limited within [1,51]. R; + T/F, wheret is the time index andR; is the
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constant bitrate control (CBR) in original H.264 JM13.2) (2
Sun’s method [9] and (3) Sivanantharasa’s method [6]. Both
Sun’s and Sivanantharasa’s methods are improved baseeé on th
original H.264 JM13.2 constant bitrate control . The compar
ison items include PSNRs of Rol/Rol extension/Background,
the error of the encoded bitrate and the target bitrate, and
the computing time-consumption of bitrate control. Theduse
video sequences are Hall and Foreman. Table | tabulates
major H.264 encoding parameters, e.g., the number of edcode
frames, the initialQ P for I/P slices, RDO (Rate Distortion
Optimization) and RatControlEnable.

At the beginning, the videdHall is encoded by fixed
QP unchanged QPs, and then the output bitrates 1826Kbps and 206Kbps are
regarded as the high bitrate and low bitrate in other coding
algorithms. From these experiment results tabulated ifeTab
The dynamic parameté) P r,; adjustment in proposed MM-Rol- Il, the following conclusions are made:

1. In our proposed MM-Rol-CVBC, the quality of Rol is
better than that of non-Rol obviously, which is depictediig. F

) . 9, e.g., floor regions (Hall) and bottom regions (Foreman) ar
encoded bitrate. If the crisis of buffer overflow OCCUI§|rred

when B > 0.8 - B4z, the largestQ P-set (35,40,50)
will be assigned; otherwise, go to Step3.

Calculate the percentagR)(of the difference of the
encoded bitrate and target bitrate.

QPro;s can be adjusted step-wisely based on the ran

QPror =
QPgor - 2

QPror =
QPror+ 2

QPror =
QPror+ 4

2. Comparing the quality of encoded images, the quality of
Rol is possibly better or worse than that of non-Rol in IM13.2
Sun’s and Sivanantharasa’s methods. The proposed MM-Rol-
CVBC can obtain better PSNR of Rol about 2-8 dB gain than
of D, e.g. QPros -4 if D < 05, 2 if D e(- dther RoI-_based vid_e_o coding algorithms, but the quality of

. .. nhon-Rol will be sacrificed.
0.5,-0.2], unchanged iD € (-0.2,40.2],QPros +2 if ) .
D €(0.2,0.5],QPro; +4 if D >0.5. That is,QPros . 3. Besides, the error of encoded bitrate of MM-RoI-CVBQ
is.only about 3% because our proposed MM-Rol-CVBC is
able to control bit budgets effectively. The result of MM1Ro
CVBC is similar to those of traditional JIM13.2 CBR, Sun’s
and Sivanantharasa’s methods.

4. Comparing total time-consumption of the rate control

part, our proposed MM-Rol-CVBC spends less coding time

should increase when the previously encoded bitrate
larger than the target bitrate; otherwiggP ro; should
decrease.

4. EXPERIMENTAL RESULTS

In our experiments, we mainly compare the performance pér frame (0.4ms) than JM13.2 (6ms), Sun’s (9ms) and
the proposed MM-Rol-CVBC with (1) those of fixed# and Sivanantharasa’s (6ms). It is because that other coding alg



TABLE |
MAJORH.264ENCODING PARAMETERS (E: ENABLE, D: DISABLE)

JM FixedQP JM CBR MM-Rol-CVBC Sun [9] Sivanantharasa [6]
FrameToBeEncoded 180 (Foreman) and 300 (Hall)
QPISlice/QPPSilice 20/30/40 30 30 30 30
PSliceSearch16x16 E E E E E
RDO D D D D D
RateControlEnable D E D D D
TABLE Il
COMPARISONS OF THE EXPERIMENT OFHALL .
Methods Fixed QP JM 13.2 Proposed Sun [9] Sivanantharasa [6]
Parameters 20 | 30 | 40 1826 | 206 | 1826 | 206 | 1826 | 206 | 1826 | 206
PSNR (dB), Avg- 41.76| 36.36| 30.08| 41.60| 36.45| 40.79| 34.08| 41.60| 36.28| 41.41 36.46
Rol— - - - 41.58| 34.35| 49.00| 38.56| 41.57| 34.51| 41.23 34.44
Rol contour extension~ - - - 41.38| 34.89| 45.06| 36.08| 41.39| 35.09| 40.94 35.04
non-Rol— - - - 41.66| 37.15| 39.99| 33.56| 41.66| 37.02| 41.53 37.16

Error rate(%) - - - 23| 15| -36 | +28 | -23 | -1.0 | -25 -1.3
Output bitrate (Kbps) | 1826 | 206 40 | 1783 | 203 | 1759 | 211 | 1783 | 204 | 1780 203
Total time consumption | 0.083| 0.085| 0.085| 6.54 | 6.14 | 0.41 | 0.38 | 10.47| 8.96 | 5.99 5.87
for rate control (ms/frame

rithms contain the complicated rate-distortion model armdtan [5] L. Lee, R. Romano and G. Stein, "Monitoring activitiesofin multiple
procedures for bit-allocation ang P-decision additionally. video streams: establishing a common coordinate fradie€F Trans-
actions on Pattern Analysis and Machine Intelligence, VOL. 22, NO. 8,
pp.758-767, August 2000.
5. CONCLUSION [6] P. Sivanantharasa, W.A.C. Fernando and H. Kodikara idhic "Region
. . of Interest Video Coding with Flexible Macroblock OrderindProceed-
This paper has proposed the method and the corresponding ings of IEEE International Conference on Image Processing, pp. 53-56,
system using region-of-interest H.264 video coding based o  2006.
constraint variable bitrate control for multiple movingigee  [71 ITU-T SG16 Video Coding Experts Group, "Video Codec Testdel,
. . . Near-Term, Version 8 (TMNB8)”, September, 1997.
ity regions, called MM-Rol-CVBC. The proposed multiple g |so/iEC JTC1/SC29/WG11, "MPEG-4 Video Verification Meld/18.0,
moving region-of-interest (Rol) macroblock decision ideab Coding of Moving Pictures and Audio N3908”, January 2001.
to efficiently determine each MB coding priority based onl®] Y- Sun, I. Ahmad, D. Li and Y.Q. Zhang, "Region-Based Raentrol

. . . . and Bit Allocation for Wireless Video TransmissionEEE Transactions
multiple automatically or manually detected moving olgect g, Multimedia, VOL. 8, NO. 1, pp.1-10, February 2006.

The special cases of multiple objects overlap and trackifig] D. Agrafiotis, D.R. Bull, N. Canagarajah and N. Kamnoatana,

failure are considered. In addition. the proposed Rol4tbase "Multiple Priority Region of Interest Coding with H.264Rroceedings
' prop of IEEE International Conference on Image Processing, pp. 53-56, 2006.

constraint variable bitrate control is able to increase RSN;1; (on-iine]
(recognition rate) of Rol and avoid buffer overflow/undesflo http://www.codeproject.com/KB/audio-video/objetracker.aspx

i ; ; ~ it 2] M.C. Lin, L.R. Dung and P.K. Weng, "An ultra-low-powemage
In comparison with H.264 JM fixed-quantization parameté¥ comreseor for capstle endoscopBlomed End. VOL. 5. 2006
(QP) coding, constant bitrate control (CBR) and other Rol P P pele 9 T '
coding algorithms, the proposed MM-Rol-CVBC can enhance
the quality of Rol regions about 2-8dB with less coding
complexity in subject to constraint bit budgets.
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