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Fast and Simple Motion Tracking Unit with Motion Estimation
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Abstract — Surveillance system using active tracking camera has no
distance limitation of surveillance range compared to supersonic or
sound sensors. However, complex motion tracking algorithm requires
huge amount of computation, and it often requires expensive DSPs or
embedded processors. This paper proposes a novel motion tracking
unit based on different image for fast and simple motion tracking. It
uses configuration factor to avoid noise and inaccuracy. It reduces the
required computation significantly, so as to be implemented on Field
Programmable Gate Array(FPGAs) instead of expensive Digital Sig-
nal Processing(DSPs). It also performs calculation for motion estima-
tion in video compression, so it can be easily combined with surveil-
lance system with video recording functionality based on video com-
pression. The proposed motion tracking system implemented on Xilinx
Vertex-4 FPGA can process 48 frames per second, and operating fre-
quency of motion tracking unit is 100 MHz.
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1 Introduction

Surveillance systems are wide spread for crime pre-
vention or disaster prevention. The system consists of sev-
eral elements. Between them, an observation camera is
one of the key elements. It has many advantages against
supersonic or sound sensors, since they have distance limi-
tation and little resistance to noise. Observation cameras
are classified into by fixed camera, passive cameras with
preprogrammed movement, and active cameras with ada-
ptive motion tracking. Most conventional observation
cameras are fixed or passive, but they often required cam-
era to cover whole surveillance area. Active cameras with
pan-tilt unit reacting movement of objects have more wide
observation area, but they are often quite expensive since
they require DSP or embedded processors. Moreover, Sur-
veillance systems recently developed require that keep

*  Received: 2010-06-29

their data for analysis. The video data are very large to
storing in observation camera; therefore it is necessary to
reduce data and to select data.

This paper proposed fast and simple motion tracking
unit using differential images. It is cost-effective and
shows high surveillance performance without DSP or em-
bedded processor. Furthermore, it also performs some
calculation for motion estimation in video compression, so
it can be easily combined with surveillance system with
video recording functionality based on video compression.

2 Moving object detection methods

2.1 Using stored background image

At first, this method" stores for background image
covering all possible camera’s route. The stored image is
like a panorama picture. The system finds background ar-
ea in stored picture, and compares with stored picture,
and then object is selected from different area between
stored image and input image. This method is not related
to velocity or specification of object. However, it suffers
from large memory to store all background area. Especial-
ly, if background is changed, this method cannot find ob-
jects effectively. Therefore, it needs frequent refreshment
of background image.

2.2 Using object features

Many objects have characteristic features such as col-
or or shape?’. The system makes model using these fea-
tures and find best similar area from input image as the
object. It has not only simple calculation but also easies to
find object when features of object is easily distinguish-
able. However, it requires accurate model to find objects.
Furthermore, it is difficult to recognize initial movement
of object, and it is weak against light source variation or
shape variation.
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2.3 Using object edges

Edge detection is widely used in object recognition. It
uses filters, threshold values, or watershed algorithm.
This method precisely recognizes real shape of objects, but
it suffers from huge computation due to filtering or histo-
gram operation.

2.4 Using difference image

This method** uses difference image between two
images with some intervals but same background. It is
simple in hardware implementation because it has only
subtraction operation between previous image and current
image.

Fig.1 Motion object detecting using difference of image

It is important to select an interval between two im-
ages because of velocity of objects. If the interval is short,
the system cannot find slow objects, while it cannot find
fast object if the interval is long. It is similar to full search
method”’. Block matching or fixed grid matching["}
used for reducing computation, but accuracy quite de-
creases. Also noise appearing in difference image disturbs
object detection.

3 Proposed architecture

A goal of proposed tracking unit is detecting a mov-
ing object with small size hardware and simple calculation.
The proposed architecture based on difference image to
reduce computation and support video encoding. It mini-
mizes hardware area to be implemented on cheap FPGAs
or SoCs instead of DSPs or embedded processors. It also
achieves real-time operation because of reducing memory
for current image because the proposed architecture de-
tects not object shape but object movement.

3.1 Reduce memory

3.1.1 Use only luminance value

The input image data of motion tracker is 720 X 480
NTSC signals. Its signal consists of YCbCr or YUV sig-
nal. Proposed architecture recognize object using only Y
value because Y (luminance) value is more sensitive than
Cb, Cr or U, V(chrominance) value. Therefore, it is only
Y value in memory. If input signal is 4:2:2 YCbCr for-
mat, it stores half of image data.
3.1.2 Store only previous image data

Although generating difference image process
requires storage area for two image data, current and pre-
vious image, proposed architecture just useprevious data

because real-time process requires no storage area for cur-
rent data.
3.1.3 Sub-sampling

The proposed architecture exploits simple subsam-
pling method to reduce spatial resolution. There are some
subsampling methods, i.e. Average of several pixel and
representative pixel. The proposed architecture exploits
representative pixel with fixed sampling positions as shown
in Fig. 2, since it requires no preprocessing for obtain
sampling pixel. Proposed architecture exploits 4:1 subsam-
pling to reduce memory size, because interlaced NTSC sig-
nal is easily half-sampled in y -axis.
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Fig.2 4:1 sub-sampling to reduce spatial resolution

There are some weak point, i.e. reduce accuracy,
but an object that want to detect has some size, that is ob-
ject is not a pixel. Proposed architecture uses these 3
methods for reduce memory. For example, if image reso-
lution is 720 % 480 and 8 bits/pixel, it requires 2 073 kB for
a frame in RGB format. It is just 87 kB for frame in pro-
posed architecture.

3.2 Detecting object movement

3.2.1 Extract moving object area
In proposed architecture, an object is defined the ar-
ea with separate from background and more than specified
size.
A moving object generates difference image between
N -th and ( N — m )-th image in Eq. (1) and Fig.3.
Difference(I,,I, ,,) = Cmotion, . (1)

o [

©

Fig.3 Example of difference images: (a) I, , (b) I,.,, , (¢) C motion,

There are some noise pixels in difference image,
therefore the proposed architecture use threshold value. It
uses profile accumulated from Cmotion, value of horizon-
tal and vertical and selects moving object area that is larg-
er than threshold value, as shown in Fig.4.

3.2.2 Using configuration factor

The proposed architecture adopts additional configu-
ration factor to increase accuracy. These factors are sensi-
tivity factor and minimum object size. Sensitivity factor
value selects recognizing moving object how long it moves.

It helps to limit minimum speed of object. Minimum
object size value helps recognizing moving object how
large it is. N -skip value that is an interval between two
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Fig.4 Extract moving object area

images is related with velocity of moving object. Proposed
architecture has two memories for previous image data.
Each image data has different interval from current im-
age. Fixed interval is weak to detect slow or fast object.
Therefore proposed architecture has two variable interval
modes, fast object mode and slow object mode.

User select mode D

Slow object mode

Fast object mode u

Fig.5 N -skip mode for fast or slow object

Fig. 5 is comparison between each mode. The user
select mode is skipping fixed number frame that is selected
by user. If the movement of object is slow, it doesn’t
sense movement because movement value is smaller than
sensitivity and user selected mode. In contrast, if the
movement of object is fast, it doesn’t catch object in cur-
rent image. The proposed architecture calculates two
movement values and selects larger value to detect slow
and fast object. Moving object area detection algorithm in
the proposed architecture consists of sampling, subtrac-
tion, profiling, comparison with threshold, comparing
configuration factors and motion area extraction, as
shown in Fig.6.

The mov _ = and mov _ y is final value of motion
tracking unit through calculate interval between center of
moving bject area and center of frame, that is mov _ x
and mov _ y is compensation value to track moving object.

This system actively tracks moving objects by doing
effort to put moving object area into the center of frame.
Motion tracking unit sends difference value between cen-
ter of frame and center of moving object area. The value
of mov _ x and mov _ y is difference output, as shown in
Fig.7. These values are sent to MCU and activate pan or
tilt motor to compensate. Amount of each value indicates
motor activation time. Motor activation according to the
position of moving object area is shown in Fig. 8.

< Input image >‘
{

| Extract Y value and sampling ‘

I

| Substraction between images ‘ N N

I

| H-V profile ‘

Differential value> Threshold value

( Detecting motion area )

Fig.6  Flow of moving area detection

Center of

moving area

T

Center of frame

R B ——

mov_x

Fig.7 Camera control parameters mov _ x and mov _ y

Fig.8 Motor activation according to the position of moving object area

The operation of motion tracking unit is defined as

Eq. (2)~Eq. (5).
ABSiuma = ‘ Curiuma - Reﬁ\mw ‘ ’ <2)
ABS,,,., = threshold value, (3)
Refresh — 1, when area = minimum size; )
0, otherwise.
mov, , = My — NG,y ;end""y — center, ,, (5)

Eq. (2) operates in process element. Eq.(3) and (4)
operate in comparison unit. Eq. (5) operates in calculation
unit.
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3.2.3 Extendibility to motion estimation

In video compression, motion estimation examines
the movement of objects in an image sequence to try to
obtain vectors representing the estimated motion. Most of
video compression standard including H. 264/AVC'",
MPEG-2, and MPEG-4 exploit motion estimation. Motion
estimation is defined to find (m,n) that minimizes
SAD (m,n) in Eq. (6). Eq. (6) consists of subtraction,
absolute value, and accumulation those are same to motion
tracking algorithm in Eq. (2) when m = 1. Therefore,
motion estimator in video compression can share process
elements with motion tracking unit. Since the proposed
motion tracking unit performs some calculation for motion
estimation in video compression, so it can be easily com-
bined with surveillance system with video recording func-
tionality based on video compression. Fig.9 is a block dia-
gram of H.264/ AVC motion estimator in Ref.[8], where
the proposed motion tracking unit is embedded.

U-1 V-1
SADy, ) = 25 20 | fi(ay) = fiae +dy,y +dy) |,
i=0 j=0
w < dx,dy < w,
x=UXm+i,y=VXn+j. (6)
Motion vector
pedictor 1
MVP_Delta
Temination
unit B
ACC_COMM
nf;(:lx(?ry__. (t?’li\:;int Lot Motion MB_MODE
buffer Track Minimum [T > SMB_MODE
™ sap Motion
(=8| checker. [ vector [pi—sMV_X
SAD (¥ unit | | N> MV Y
process [ =
7" element 1 | A4dA _» MB_DONE
T TREFRESH l
v

Main controller

Fig.9 H.264/AVC motion estimators that embed the proposed motion
tracking unit
Fig. 10 is a developed program with Microsoft visual
C"" for proposed algorithm simulation.

F:-ens'm-my A }— a1l
Limit Dif  —— }7 a Expitira
Size Limit p——— 10

Fig. 10 Software simulation
Sensitivity is sensitivity factor. Limit Diff is thresh-
old value. Size Limit is minimum object size. N —2 op-
tion is skipping 1 frame that is comparing » and n —2. It
compare n and » — 1 when that option unchecked. Input

image data is NTSC signal (25~ 30 frames/sec, 720 X
480), but using data is only 360 X 240 image because of
4:1 sampling. Result of simulation is enough for detect
movement of human and slow movement under 20 km/h.

4 Implementation

The proposed motion tracker unit consists of two
frame memory, process element, comparing, position de-
cision unit, calculation unit, 12C unit and controller.
Fig. 11 is block diagram of motion tracker unit. Its gate
count is about 25 000 gates, and its maximum operating
frequency is 109.5 MHz. This unit is available to process
VGA 48 frames/sec.

The proposed entire system is shown in Fig. 12. It
consists of NTSC camera unit, pan-tilt motor, motor con-
trol unit, motion tracking unit, and PC for real-time sur-
veillance and system configuration factor value with USB.
The proposed motion tracker unit and USB interface unit
is implemented in Vertex-4 xilinx FPGA (XC4VLX60).

The block diagram of tracking system is shown in
Fig. 13. The input data of NTSC or PAL camera is 720 X
480 4:2:2 YCbCr or YUV signal. Motor unit has two mo-
tors for pan and tilt operation. It uses MCU (Alimega 16)
for motor movement and 12C bus for communicating with
other units because 12C bus is generally provided in many
chip foundries. This system is enough for detect object un-
der 20 km/h.

Frame mr —
> Memory e Motion estimation unit ;‘;‘:En::gge_’
for variable smb. mode —3-
*
Frame rd_data
wr_data (esda-»
— yuv—"A-»| memory abs_sub . . _ e
yu for user eelect 12C interface unit ‘og addi sl »
datamem| | size threshold] 1_ % mov_x
v ¥ [ 2] movy— 1 ]
"
| Process \_| ,|Comparing | | Position 3] :
clement || unit g elfxf:istwn — Calc unit
; : T bwsome
pe_en pe_sel Comp_en hs cnt pos_dec_en Calc_en
| | | —|_Vs_cnt] :
VS —pf
hs |
Controller
——pelk—»

Fig. 11 Block diagram of motion tracker unit

Fig. 12 Active observation camera systems

The core size without memory macro block is 830 %
305 #m with about 17 000 gates. The consuming power is
about 61 mW at 110 MHz. This is very small size and con-
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suming power than other complex method”” .

NTSC or PAL camera
Interfaced
YUV data input Motion estimation data
Motion tracker
O » ADC unit
MTSC or PAL Data 8 bit (G
PAN/Tilt unit ideo input
bt Register selting &
XY position reading
protocol(12C)
ATmegal6
Motor (8 bit AVR)
driver MCU
FIFO SLWR
data
USB20 &

(CY68013A)

8051

I USB2.0
—————

Debugging monitoring program

-Real digital video

-Data tranceiver to FPGA with
selting/reading data

Fig. 13 Block diagram of active observation camera system

5 Conclusion

The proposed architecture based on differential im-
ages because of simple calculation and real-time opera-
tion. It uses three factors against noise and differential
velocity. It reduces the required computation significant-
ly, so it can be implemented on FPGAs or SoCs instead of
expensive DSPs or embedded processors. Surveillance sys-
tems with cameras, in general, almost store image or vid-
eo data. This architecture has two ways to reduce storage
data. One is just storing still image of moving object area
because background of images are same in camera’s an-
gle. Other is storing video data with video encoding meth-
od, like H.264 or MPEG, because proposed architecture
includes motion estimator for video encoding, so it can
beeasily combined with surveillance system with video
recording functionality based on video compression to
store data for long times. This paper proposes cost-effec-
tive architecture for simple, fast and small. It helps to in-
tegrate other unit for SoCs.
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