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ABSTRACT

Image acquisition mode of the CMOS sensor is active, charge photosensitive diode of the output by direct
amplification transistor. Moving object scale change and deformation; moving target in the tracking process or
rotary motion, change and camera distance and perspective, will cause the target image scale change and
deformation. In this paper, with a pedestrian movement target specific, statistic of pedestrian is based on pedestrian
detection and segmentation. The paper presents Using CMOS Image Sensor to Design of Detection and Satistical
Pedestrian in Motion Target. Experiments show that these technol ogies have achieved good results.
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INTRODUCTION

Moving target detection technology is mainly thrbupe analysis of image sequences captured theeimaigsor,
judge and estimate the moving object in each franage position. The video image sequence is gdpetizided
into two types: one is a static background, a Sitnas changing background. A situation occurshi@ position of
the camera is fixed, fixed camera video sequengels as monitoring of a scene captured; the latteurs can be
relative motion at the camera position, such agoseontrol for target tracking camera motion [LheTmethod for
detecting and processing point of view is genenadlgd to highlight the target or eliminate the lggiokind thoughts.
The camera is relatively static, processing istinedly simple, can use frame difference or adapteekground
suppression method.

Image acquisition mode of the CMOS sensor is actolerge photosensitive diode of the output by adire
amplification transistor, but CCD sensor is a passiollection, voltage to charge mobile in eachefhiand the
applied voltage usually need to reach 12~18V; baeaf this, the CCD sensor in addition to the mugh in
power management circuit design the difficulty bé toutside (additional Power IC), high driving agé more
make its power consumption is much higher tharGQhkDS sensor level.

With a pedestrian movement target specific ands istatistic on pedestrian based on pedestrian taeteand
segmentation. At present, the pedestrian statigjctiem many is the tilt angle of the camera, saghameras must
be vertically downward, the camera vertically dovangvto distinguish between people and people, edwerlap
between people, accuracy will improve the statistiat pedestrians. But some monitoring sites énclimera are
not vertical, vertical camera angle and narrow, @anangle oblique placed wide.

Comparison and large amount of image data, tozeatal-time image processing more difficult, bytthking
certain measures can realize image acquisitionpaadessing system with low cost. Image acquisitan use
analog camera, CCD image sensor and CMOS imagerseZiglOS digital image sensor because of its higst ¢
and the direct output of digital image data haslibe most widely used.
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In order to pedestrian statistics, first pedestdatection on video. Video streams can be viewed sst of static
image with image sequence in strict sequence, swag correlation between adjacent frames. In,titme results
of the segmentation requires not only the intranfestill image with reasonable segmentation, bst &eep the
inter frame motion object segmentation continudpwever, due to irregular flow of movement, in artie ensure
pedestrian counting system smoothly, with high dargprate to ensure smooth traffic feature vecldre paper
presents the algorithm of detection and statispedlestrian in motion target based on CMOS imagsase

2. Detection of Motion Target based on CM OS | mage Sensor

In order to ensure the CMOS imaging unit outputcbyanous data written to the SRAM, we design thdress
counter SRAM within FPGA, and the design of theage time according to the output characteristic€EMOS
imaging unit, which consists of a write cycle aedd cycle. In the write cycle when the CMOS imaging output
of data stored in the storage unit, during the ®axde, the image acquisition card to special imdgi storage unit
stores the data into computer for processing.

When there is relative motion between the obserardsthe observed, the observed surface opticalréssaof the
objects will be moving, varies as the image irrad& this change is included in the motion and ctire
information is observed. Between the camera andd¢bhae motion brightness mode relative motion oleskcalled
optical flow. Ideally the optical flow and motioreld should be relative, but also have not corradpay, motion of
the optical flow, a flow must have motion existat hot a motion must have optical flow.

Corner of the image edge detection algorithm tlmaher is a kind of edge point based on, is a kihdpecial
boundary. This kind of algorithm to detect the eddémage, and then detect corner points on thenthary as
mutations detected. Methods based on edge, theefilge, then the corner detection, therefore, coatipnal
complexity, operation time is longer, and the geeatependence on edge extraction algorithm. Ifetler occurs
the extracted edge, or edge line interruption (iacfice often encounter this kind of situation))lwbrner point
extraction results caused a great influence.

Moving object scale change and deformation; movarget in the tracking process or rotary motiorgrgde and

camera distance and perspective, will cause tigettémage scale change and deformation, these ebawifj cause

changes in the expression of nonlinear target imaf)ech leads to the failure of tracking; imageghtness scene
light changes; the same target has significanteudifice in different light conditions, effects ofHt intensity

changes is one of the bottlenecks of many outdacking system hinder performance, as is showmngop#onl.

(x(t) = x@®)x() =0 N

The CMOS sensor flexibility, manufacturing can lseirdependent components, which can also be cochhiite
digital image stream processor chip camera systataplish complete (SOC) solution. SOC can exezsteries of
complex processing functions, including color, ecatorrection, sharpening and automatic exposurelfi2dgrated
SOC further simplifies application design, reduttes number of chips, allowing designers to maxintfee use of
space on the circuit board.

Moving object segmentation in the process, the neerbnsider an important factor: the shadow. Bseaaf the
influence of sun and light and other factors, mgwibject in video images often contain the shadidve shadow is
not fixed, it with light intensity, direction andth®r factors in constant change, which has prageif moving
target, in moving object segmentation as not tatdéstinction may be part of the shadow as a nptanget. This
will lead to serious results, such as merger, dénget shape between the target distortions, eve@ndmf target. All
of these will lead to recognition of failure proses target identification in the next step of tiderefore, in the
process of moving target segmentation must beechaut in the shadow detection.

p@k)| k) p(sk))
p(ak)) @)

Usually, transfer good image quality of equipmesing CCD image sensor, and pay attention to thewuption

and cost of products using CMOS image sensor. Bw technology is overcome each device body inherent
weakness, while retaining certain properties siétdbr specific applications. At present, two kinds image
sensors are still with the development of inform@aticommunication, Internet and portable electr@gjaipment
and development.

pGsk)lak)) =
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Camera motion actual is unpredictability, jittewese extent also on different occasions, the erpants show that
the algorithm based on N filter fixed length canhetapplied to all scenes. When the n is too simalbt up to the
smoothing effect, too much time in N, may producareoth excessive, and cannot obtain smooth witkfaetory
results.

According to the relative movement of target andkigasound, and it can be divided into: tracking aitjon for
static target moving target moving object in dynaumickground tracking algorithm, dynamic backgrotradking
algorithm, the static background tracking algoritithre static background. This paper used threeskaidnoving
target tracking algorithm is the focus of the sttsicking algorithm mentioned below did not spieailly refers to
moving target tracking algorithm) [3].

SD= 2 [IW(X, P+AP) =1, (X))
o 3)

Frame difference method has simple principle, l@mputational complexity. Dynamic scene for charige, not
the target completely separated, requires accseimentation combined with other algorithms conepfabving
target, using two frame difference method to deteoting objects from the video image; the backgtbtemoval
method can detect moving targets, but it needsaosteuct the background, more sensitive changethén
environment, the general can only be used in stames circumstances, and the need for backgrestimdation
and support updating algorithm.

Between the two frame time interval is relativeigadl (about 40ms), and the motion of the targetcamatinuous
change, so it can be measured information to prediche target in the next frame image positioralklynown
amount, then to predict the region near the posii® the center of the search, this is compardiketovhole image
search small calculation quantity many, reducesrhtehing error interference from other similarigp& improve
the tracking accuracy.

Motion can be used to describe the motion fiel@; fiield is composed of each point in the image amtiector
(speed). At a given moment, corresponding to atgaithe image to the target point on the surfaeshown in
Figure 1, and it is the two points on the projactielationship together. Assumed to be relativihéospeed camera,
this movement will lead to the corresponding poimthe image generated for the speed of movement.
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Fig. 1. Detection of Motion Target based on CMOS Image Sensor

CMOS image sensor has the advantages of low dogilesdigital interface, operation simple, higheraan achieve
intelligent processing functions and features towbéely applied; and because it has a low noise; fmwer

consumption, wide dynamic range, high spectral iseitg, miniaturization, digitalization and easy realize the
commercialization, especially his the image semsomy, a timing control circuit, signal processiigcuit, A / D

converter and interface circuit are integrated,réda implementation of the single chip imaging.

Find the corresponding relationship of feature fsoin the image, also called feature matching. Bef@lculating
the motion information, need to frame by frame kiag of feature points on the target of it [4]. Ming
algorithms are introduced rigid constraint conditip the existing technology including template rhatg,
matching, tree matching, and constraint relaxati@tching and hypothesis test match. For non rigjeai tracking
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the main contour tracking method based on activotm model, including measurement and contour mode

The relative motion of the camera, processing neoraplex, often need background motion compensatiiam the

frame difference and background cancellation methibdhe target, also need after the backgroundianot
compensation for multi frames accumulation of epengd noise suppression. In addition, and it iect&in method

based on optical flow field. Moving object detectiand segmentation of this chapter focuses orcdiatikground.

The CMOS camera has a faster frame rate, can bendgrrange to capture the sharp, clear image agta lsan
ensure the high quality image in different lighinddions, the advantages of CMOS camera will heipedthe
adoption of video chat.

CofX, 2] =El(X~5)@~14)'1=Cx, @

Stabilizing the global motion parameters calculatgdmatching algorithm source image basically candlvided
into two ways [5]. One is the fixed frame matchiagrame of image at the beginning of operationevemilected as
the reference frame image, after the image as thehimg frames and compare it to the calculatiomeddtive
motion parameters; another is the matching of adiaframes, as the name suggests, is the two ifnages for
each adjacent all were compared, to compute théomgarameters. Two methods have their advantagds a
disadvantages, the fixed frame matching methodusecéhere is no cumulative error, so the paranestémates
more accurate, fixed-point shooting video stabiioraeffect is good, and relatively simple, is atsammonly used

in motion estimation algorithm.

The signal of the video image sequence, the masfulusformation is the change information of imagjgnal
between two adjacent frames, if no changes betwaeh frame image sequence, then the amount ofraton
will be greatly reduced. And the changes of intanfe image signal often contains the target inftionarich,
which is exactly what we use the motion informatidrthe video moving object segmentation based.on i

CMOS image sensor can also achieve high resolutfahe signal to noise ratio and improve the 10dBIOS
monochrome and color image sensor, light sengitaitd increased 4 ~ 5 times, then the CMOS imageosdo
replace CCD devices will point the day and wait iforf we take into account the CMOS image serfzas the
advantages of small volume, low power consumpfiive full play to the advantages of these havebmen in the
past, can give full play in the future, then a nevage era.

The first image pixels per point as the value ef¢tbrresponding mean mixture of Gauss distributmad, to each of
the Gauss model assign a high variance and smajhtge When the new image arrives, the parametbetmixed
Gauss model for each pixel is updated, the idéadtson is that in every moment with T, containe tibservation
data of new period of time data, began to use timeeldns algorithm to estimate parameters of mixags&aodel,
but this matching algorithm the calculation is céemp can not achieve the requirement of real-timeagutation, so
using an approximate algorithm, namely the K Galisibution according to weight and the ratio loé tstandard
deviation from big to small order.

3. The Model Statistical of Pedestrian in CM OS | mage Sensor

Complementary metal oxide semiconductor (CMOShéstechnology of natural advantages, this technagunegjoin
the CMOS logic circuit in the sensor chip, so tiegt image acquisition and control, switching anasggg function
com. The high density of integration and the impatation of small single chip system are possible more
system functions are integrated together to devtdepphotoelectric sensor system, control the zatidin of this
goal is currently only by return on investment, kedcapacity and development costs and other eciorfagtors.

For a pedestrian statistics, there is a need tyshe two aspects: the first aspect is the rebemarnework built;

second aspects are some algorithms, including peesletection, extraction and statistics fromethaspects of
the algorithm, related to the machine vision, eitif intelligence and pattern recognition of theee field of study.
To set up the framework of the system, this sysises data flow based model, focused on the dategsing, the
algorithm and the data objects are considered aggar this model is suitable for applications whiovolve a

number of different algorithms, need to deal wilffiedent types of data.

L-1
H, =~ LP()log,p(l)
=0 (5)

In order to improve the image quality of CMOS imagmsor, the main noise source image and analgeamage

717



Shumin Duan and Yan Xu J. Chem. Pharm. Res., 2014, 6(10): 714-721

distortion, this paper presents a new type of CM©t8/e pixel image sensor [6]. The CMOS image seasimg 4T
active pixel, greatly improving the sensitivity dhe image sensor. By integrating the function ofagm
preprocessing in the sensor, made a very goodteffeicnproving the quality of image.

M2 increases the width to length ratio (W / L): das reduced Vgs2. Due to the use of minimum lempgttess
layout, MOS tube length L invariant, thus incregsine width of the M2 W can reduce the Vgs2. Frauation (4)
can also see Ibid reduce the bias current soultener can also reduce Vgs2. The appropriate irsgrezf M2
according to the actual situation of layout in ffxeel unit width, and properly reduce the bias eatraccording to
the load of two times of sampling circuit, can effeely reduce the Vgs2, thereby reducing the lowstage VN.

Due to the sequential charge transfer requiresiragmiis, high-speed driving shift register, whiclguiges more
electric power. The X-Y addressing and transmisstgure 2 CMOS image sensor is usually used, is Way,
each pixel has its own amplifier, to transmit signay column scanning and line scanning, and outptie image
processing unit. It has a data transmission liogt san achieve high speed, but if you carefulbgerve the output
image, we can find easily appear in separate tivage distortion.

CMOS image sensor
J—Ll_Tl_l—‘-_T_J_I_l—_[—I_
: - |

e — ~

pedestrian scene

Fig. 2. Thestructure of IT monitoring system by RFID magnetor esistive sensor

After a great deal of difference image histogramalgsis, differential image gray distribution furasti to form
uniform distribution, as shown in Figure 2, the Asapoor, mean gray level, image, D is the distidmutunction of
the standard deviation, through a great deal dédihce image segmentation test, the corresporplite gray
value the h>B of moving target, and the h<B poorresponding to the background, in the image ohthgrity, so
a B and we are looking for value, separate the drackd and moving target.

Space partitioning method can get the accurate elipeets from images. But the spatial segmentatiten exist
blindness, because a stationary object in the vaokg are separated, and then merged togetherPEfple
interested in is often moving objects, object motarameters is very important. But the movemettéreasty
often fail to get the target accurately. Such ageedising frame difference, can conveniently, gyicdhange
between the two frames, the difference templatexcamplete, and the background part contains esghaberefore
cannot take the difference templates directly asotiject template.

Therefore, the system is divided by two chips toesv generation of monitoring CMOS imaging sensanexa
based system to provide the best price. This sysiemprovides greater flexibility for system dewgs, allowing
the digital control chip with different resolutiai€lF, VGA, such as 1300000 pixels) and differentpoiti data
format (Bayer and YUV) of the latest CMOS imagirensor, which is diverse and rapidly growing deméd
residential and commercial market development Yatlee surveillance camera system, feature rich.

FPGA complete sequence of EPP protocol. PC stopskalvhether READY signal, until the READY is valiBC
can read image data, while the ACK is high, saidi®@ading the image data in the data cache. HRBA
stopped collecting images (no write signal), FPGatedtion of PC through EPP issued read pulse (CB)_D
creating a cache MEM_RD (read signal) and addfess, the cache reads a byte in parallel, at theestame to the
PC to send it a BUSY signal, PC can read a bytatd at this moment, to complete the data readnaitel. In the
process of reading data port of EPP PC_WRITE (wiijeal) to stay at a high level.

Video segmentation method based on the combinatfospace-time is not overlap assumptions on theimgov
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object in. If you have had motion overlapping pheeaon of two or a plurality of moving objects irdeb scenes,
according to the above method can detect the matiamged region, but moving change region includssonly

the moving object is single, but contains multipleoving objects overlap, so only depend on boundary
characteristics in motion changed region is noteate segmentation of each video object, theretbeemethod is
applied to moving objects do not overlap when tleation [8]. When multiple moving objects overlapust be
based on other characteristics, such as the mpaommeters of each moving object is different,dbeurrence of
video objects overlap to distinguish.

e, =Efs,()}= Y. p(k)s, (k)

e (6)

While in CMOS image sensor is amplifier MOSFET aifignl. In the camera shutter is off the light redeg end
moment, for MOSFET gate open at the same time ehtemsfer, all memory is transferred to the JFEfegin
addition, the JFET gate is equivalent to the meagutup, through the JFET can read how much lighdlis
transferred to the "Cup". JFET grid voltage is wiitle charge from the photodiode to the transfet.ofhe JFET
makes the signal voltage rises, and as a colunmalsimes, read data output. After the image sigaatout, JFET
gate will take charge to the MOSFET to reset, aogan open and close control of the gate of thelJFE

The purpose is to segment the pedestrian sceine isatme background separated, each part of the sohestrian
tend to have the same attribute, overall. Two aspae nothing more than: the attribute of time gpdce. This is
the physical basis of all video segmentation athors. Spatial attribute is mainly: the charact&rgsof brightness,
color, texture or other transformation or statstithere are two different consideration: regidieahsistent focus
on spatial attributes) and edge (differences fowusi the spatial attributes [9]. Attributes (praj@s) time motion)
mainly for the inter frame difference, optical flomr motion vector, which can detect the inter fracmange
(movement) region and movement.

The pedestrian of statistical techniques for oldiglaced cameras can video are explored, respatiigeusses the
pedestrian detection, segmentation and statiggchniques; gives a in the difference image thriglsbegmentation
technology, the segmentation technology comprelierstatistical knowledge; at the same time, clasethe edge
of the introduction of active contour, experimesti®w that these two technologies have achieved ggsudts.

4. Algorithm of Detection and Statistical Pedestrian in Motion Target based on CM OS I mage Sensor
Background subtraction method of comparing the &alifference more accurately extract the movingegrthe
frame difference method if the method is not coratimvith other changes can extract the moving dredufling
true moving target, and revealing the covered bamkgd) and not directly extract the moving tardei][ However,
when we also consider the use of background sulmtnatot of questions to get a background image,by( t);
easiest way is to first frame without moving targetge frame as a background image. However, inatteal
environment over time is constantly changing baockgd image, background change caused by many $asach
as: light changes, changes in the environment armhsCan not simply be an image of an object withooving
the frame without updating the background.

Three dimensional reconstruction of object imagapping motion to two-dimensional images of thremetisional
space itself lost depth information is importangcéduse moving object with scale change, deformatiod
brightness scene light changes in the trackingge®cneed reasonable definition of template upstedéegy, avoid
moving target drift.

CMOS is favored by high speed imaging technologythke current market, we can find that the highedpienage
sensor has three tendencies, one is to the devefdpohvery high speed direction, the two is theeligpment of
the on-chip integrated direction, the three is degelopment of high speed image sensor to the gedeection,
resolution and frame rate combination, play an irg role. At present, we can launch image sendbr 1024 x
1024 pixels per second, the speed of 5000 full éalfnithe conversion is 10 words, then the totahdate of up to
55Ghit. Per second that is on the camera.

H=Y [a_'a_vv} [a_la_vv}
o oW oP | | ow oP @

System model of pedestrian statistics, both tha dat the algorithm using the object representatiaralgorithm
is represented as a Filter, which accepts inputeigdes an output, the input and output are adl dhjects, and the
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output of an algorithm can do for another algorittmput. By such a model, a series of algorithms lsarstrung
line, forming a unified computing framework. Thigsteem according to the data flow model is dividetbi4
modules: image acquisition, pedestrian detectiedeptrian detection and pedestrian statistics.

CMOS technology provides a platform for the implema¢ion of a strong ability to: Although the extarogic
circuit of CCD image sensor still need to use aeotkchnology (for control and analog / digital ¢ersion), but
the CMOS camera chip to realize image sensor, altarty transducer and the evaluation logic cirarnt the HF
transmitter using the same technology allow, theam be above them in the same chip.

After the pedestrian detection and segmentatioagéanris obtained after two value image contour msiog, for the
larger distance between pedestrians, get each tpadesontour, when pedestrians are more and tbhevdmd
conditions, so the image contour was treated grdbhpsughout the profile, in order to improve theatistics
precision, we set up a statistical window in théea window, called window, as shown in Figure & width and
the video image of the window of the same.

Detection and statistical pedestrian in notion target
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Fig. 3. Comparison Algorithm of Detection and Statistical Pedestrian in Motion Target based on CM OS Image Sensor with CCD

The sensor with large area, as a traditional, areldomplex ray film program alternatives. Thecsdled "rolling"
technology can be in 8 inch wafer (in the futurell inch wafer) on the realization of economic pratébn of
CMOS image sensor. During the shooting of thisjeyrabout 25 minutes of video, video image siz¢his,use of
the system development environment for VC+ Direégtmw, the actual number of pedestrian in video9889,
while the number of system statistics for 854,dfagistical accuracy of 98%, error is 12%.

This paper expounds the moving target detection saginentation techniques, including the basic pies of
three kinds of basic methods of frame differencaho@ background subtraction and optical flow mdtlzoe
discussed, and some improved algorithm based otntbe methods based on a factor, the most impdriimence
in the shadow of the moving target detection amgmemtation, but also do the detail, and gives ammommethod
of removing shadow.

CONCLUSION

The IP camera system of CMOS image sensor will $mmome the choice of commercial security applceti We
will provide some general views on commercial siégumonitoring, from the closed circuit televisisgstem based
on CCD to the IP system based on CMOS for the whgitem, such as low cost, low power consumptiah an
increase the CMOS sensor performance. The papsemeethe algorithm of detection and statisticalgsérian in
motion target based on CMOS image sensor. In pilifyatheory, the statistical characteristics of aneis a
description of the main central position, the stadddeviation is a "subject" and "tail" separatatistical
characteristics, as the statistics (function ofgdtaistical characteristics mean and standardatiem), can be very
good expression of the overall distribution of imfmtion. Pedestrians in the statistical system determine the
adaptive threshold method has achieved betterteffec
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