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Abstract: Inthis paper, a novel method using a dynamic pyroelectfiaiad (PIR) sensor to detect and identification the mowvangeit

is presented. The sensor equipped with an infrared lensa@s optical setup for this system, which is driven by a unifg rotating
device, a single detector can collect into infrared sigmathin a range of 360. The method solves the problems that improving the
(PIR) sensor’s detection range will inevitably reduce tagedtion distance and increasing the detection distartmexitably decrease
the detection range. Experimental results show that (P&®ator in regular running state can monitor a wide rangesgibns, and
accurately determine the target orientation without desirgy the detection range. Using frame differential metbend extract target
information and using principal component analysis achdee identification of target expand the use of pyroelesensor field.
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1 Introduction With the breakthrough of the traditional way to use
PIR sensor, the paper puts forward the method that
dynamic use of PIR sensor is taken for target detection

The average human frame radiates about 100W/m2 ohnd target identification method. This method is to make

power, peaking at 9.55um. The PIR sensor has a highhe PIR sensor move with uniform motion under the drive

detection capability for IR radiation and has been used folof the turntable, collect signals by dynamic use of PIR

a wide range of applicationd][[2] [3]. The PIR detector sensor , use frame differential method to extract the target

used for this work is low cost, has low power signals, and then use the principal component analysis

consumption, and is sensitive in a range of 5-14um. ThgPCA) for different target signal analysi44] [15]. This
study about human tracking and identification using PIRmethod can not only solve the contradiction of detection
sensor is still few, and the target detection range is lesgetween the distance and the angle using PIR sensor
than 20 meters. (according to the characteristics of the optical devices,

The research group of Duck university using PIR expanding the detection range will reduce the detection
infrared detector and Fresnel lens group realized huma@ngle, and vice versa) but also achieve the goal of simple
identification and target trackingd][ [5] [6]. Yang Jing identification to the target.

implemented an experimental system for monitoring the

human walking and jumping actions7][ A wavelet

entropy of double-density dual-tree complex wavelet Principle of dynamic PIR sensor detection

transform method for human identification was proposedand identification

by Wang Lin Honget al of Chongqing University §].

Optimization algorithm 9] [10] and mathematical ) o .

models [L1] [12] [13] are used for target tracking and 2.1 theworking principle of dynamic PIR sensor

trajectory planning. But their search coverage only a few

meters and there are few reports on human tracking aniiVhatever exists in the nature of the objects will be

human identification based on a wide range of areas. infrared radiation but different object due to its diffeten
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materials have different infrared wavelengths. Human3 Experiment system setup
bodies are very good IR sources. There is a constant heat

exchange between the body and the environment due t :

the difference in their temperatures. Dual-element PIR%'l overall design
detector produces the output only to the changes of ) . )

infrared radiation. Thus in a stationary condition, there i Experiment system is composed of optic module, sensor
no output for PIR sensor without an objective movementmodule, power module, signals acquisition module and
in its field of view (FOV) using PIR sensor. When PIR Signal processing module as shown in figure 1. Here we
sensors are in a state of movement, the surrounding/S€ murata manufacturing's IRA-E900 PIR sensor and
environment is constantly changing relatively, where Use infrared lens as it's optical equipment. The module of
thermal radiation produced by different objects will data processing is used for amplifying the original
irradiate to the source element of the sensor in successiojathered signal and dealing with noise then send to signal
as a result, the sensor will keep output electric signals. S®rocessing module for next step analysis after AD
normally PIR cannot be used under the dynamic statetransform. One base station has 4 PIR sensors driven by a
however, through research and experimental verification0Scillating step motor which is oscillating in the range of
the background signals collected by dual PIR senso” —90°. as shown in figure 2.

under the condition of pictured motion can also be

described. Under the same conditions, with periodicity

movement of the PIR, its signal changes periodically. So— — .
if moving objects are into the sensor detection area in th
above conditions, target signals can be extracted from thl
background signal. The research proves that PIR sensg
can be used in regular dynamic conditions. |

2.2 target recognition principle :

Principal component analysis (PCA) is widely used|
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technigue for data analysis and dimension reduction wit Turniable mﬁ:‘;‘;’zm
numerous applications in science and engineering. Ir, |
essence, PCA aims at finding a few linear combinationss — — — — — — T ______
of the original variables, called principal components

(PCs), which point in orthogonal directions capturing as Power supply module

much of the variance of the variables as possible.
Analysts can therefore Vvisualize the original
high-dimensional observations on a lower-dimensional

picture from the most informative viewpoint. Fig. 1: Dynamic PIR sensor data acquisition system diagam.

Y1 = RipXg + RyoXo + . .. + RypXx

Y2 = Ro1X1 4+ RooXo + .. . + RoyX 1)

Yn = RaoXs + Rxo + . . . + RkXk .
3.2 optical system
The aim of PCA is to find a new set of variables, say
Y1,Y2,....Yy in a form of a linear combination of's
which isY = RTX. Here,Y = (Y1,Y2,...,Yy) is a vector of
principal components anB' is a matrix of coefficients
Rjfori,j=1,2,...,kis then given by:

The most common optical device used with PIR sensor is
Fresnel lens which mainly had two aspects functions: on
the one hand is increasing the detection range through
with focused the infrared radiation energy on the PIR
sensor, on the other hand is to modulate the visibility. But

Y1 = RiX1 + RioXo + ... + Ry ; . . .
. 11X0 - Fa2Xo - Rudk it's detection distance is less than 20 meters.

Y2 = RarXq + RoaXo + ... + Rk @) In this work, we used infrared germanium lens as the
optical device, germanium is an excellent material for
Y = RuXq + RpXo + . . . + R near-IR which average transmittance of the infrared is

over 99%. The detection distance can be more than 50
Usually we take the firstk principal components meters when use infrared lens as the optical device and it
accounted for 85% because they already represent mosan make different sizes for indoor different requirement
of the information. and it mounts very convenience.
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And the area S of the detection region denoted as:

2
___ pyroelectric sensor S—HsW = %) (5)

4 Experimental

The experimental verification of the theoretical model
was examined by the fabrication of a prototype device
whose photograph is presented in Fig.2. The dynamic PIR
signal was collected that the infrared energy of
background is homogeneous in different area. The figure
4(a) shows the signal without target and figure 4(b) shows
the signal with a target in it. The result shows that the
output of the dynamic PIR sensor is nearly a straight line
when the infrared energy of background is homogeneous
in different area. The waveform of the dynamic PIR
sensor signal changes when the target walked through the
detection area. Use the PIR sensor dynamically greatly
increase the sensitivity of the PIR sensor that even the
static target in the detection area can be detected
accurately.
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Fig. 4: PIR signal without background (a) signal without target
Fig. 3: Focusing principle diagram of infrared lens. (b) signal with target.

The figure 5 shows the dynamic PIR signal that the

The infrared lens with a 40mm focal length we used infrared energy of background is inhomogeneous. The
in this work as shown in figure 3, so we can calculate thefigure 5(a) shows the signal of the background and figure

detection region of the PIR sensor. 5(b) shows the signal of the background with a target in
The focal length is 40mm, so the width of the detection it. The result shows that when PIR sensors are in a state of
region is: movement, the surrounding environment is constantly
changing relatively, where thermal radiation produced by
D D different objects will irradiate to the source element @& th
W= T T 20 (3) sensor in succession, as a result, the sensor will keep
output electric signals. But the wave form is periodically
So the height H of the detection region is: repeating with periodicity movement of PIR sensor and

D D this rule will be break when the target walked through the
= _= (4)  detection area which caused the change of infrared
f 20 energy.

(@© 2015 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

2624 NS B S. Qiao et al.: A new Pyroelectric Sensor System for Target..

signal without target
T 35

N a\ /\‘ n /\ ,
P P W
By

L L L
m i % % z 1.

Tis

‘ —background
— target
i —result

L
~
@
I

signal with target

) A

Ey | ﬂ\/‘r, ‘ /\ | \ | \ ]
sw:\ \/J V\ﬂ/ J x\w//\ﬂm/ / f\\ //\ /ﬂ\ /

L
(] 5 1

Fig. 7: Area Chart of the difference result with target in detection

Fig. 5: PIR signal waveform with complicated background (a) regions.
signal without target (b) signal with target.
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The most simple and effective method to process the
signal of dynamic PIR sensor is the frame difference

Frame difference method is the most direct method to
examine movement information form video sequences
which calculates difference between former frame and
back frame by comparing point-by-point grey value. The
signal of one cycle PIR sensor movement can be seen as
frame image and calculate amplitude of two contiguous
periods. The infrared energy of background is relative
stable in the short time and appears no significatio
changes between two contiguous periods so that th
amplitudes is always less than the threshold when twd
signals are subtracted. Some clear differences will show
between two contiguous periods when the target through
the detection area and the target signal can obtained by
the information of the subtraction of two consecutive

Fig. 8: The experimental scene.

signals.
As shown in figure 6 and figure 7, the red line and the
3 ‘ ‘ ‘ ‘ A " baskground green line represent the signals of two contiguous periods.
25 A __ background The black line shows the result of subtraction of two
) | '}K consecutive signals. As seen in figure 6, the result of
7a) A I difference of consecutive signals is nearly zero when no
2 \ ‘ A | \/WW target entered the detection area shows that processing the
1 | 1 . . . . .
L signal of dynamic PIR sensor by using frame differential
05 \ method can eliminate disturbing background. The
O et Woniy PP solution of PIR sensor can't be used under dynamic is
os ‘ ‘ given out by this method. The result in figure 7 shows that

0 1 2 3 4 5 6 7 8 ° the target can be obtained after difference of consecutive
signals and the direction of target can also be obtained
through the location of target waveform.

Fig. 6: Area chart of the difference result without target in  1he relative speed of target and PIR sensor is an

detection regions. important impact factor for signal collected of dynamic
PIR sensor so studying the relative speed has important
practical significance for further practical applicatioh o
dynamic PIR sensor.
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Figure 8 shows the experimental scene. The sensorthe relationship between them intuitively. Figure 11
data is collect when the target walked back and forthshows the data distribution in the system, composed of
along a prescribed straight path, different meters awayprincipal component. As can be seen from the graph,
from and perpendicular to the static PIR sensor. And weusing principal component analysis can separated
also collected the data of the target (male, 172cm indifferent target signals which collected by using dynamic
height and 66kg in weight) on the 4ke, 10m, 20m, PIR sensor.
30m, 40m away from the dynamic sensor which was
oscillated with the speed of°Bs, 10°/s, 15°/s, 20°/s,
25°/s. As show in figure 9, the X-axis is the target
distance form PIR sensor, the Y-axis is the amplitude of
waveform and the Z-axis represent the speed of the 5%
dynamic PIR sensor.

The detection distance can be more than 50 meter
when the PIR sensor is used static and the detectiol
distance is reduced to 40m when the PIR sensor oscillate
with the speed of 10's. This value will reduced to less
than 20m when the PIR sensor oscillated with the speet
of 25°/s.

I The first principal component
I The second principal component
I The third principal component

12%

Fig. 10: Principal component distribution scale map.

Fig. 9: the relationship between detection range and revolving "
speed.

by PIR sensor so the target will be missing. So, the
speed of sensor need to selected according to the actu
requirement.

For the path-dependent recognition problem, the
sensory data is collect while three different persons
walked back and forth along a prescribed straight path w
15m ways from and perpendicular to the sensor. The
identification procedure consists of two parts: extracting
and analysis. During extracting, we used frame difference Tl et
method extracting the target signal from all 90 data
clustered. Then the main target signals can get by
reducing its dimensions through matrix component
analyzed. The result is shown in fig.9, the three principal
components explained more than 90% of the total
variance. The load points of first three principal
components distribution map is drawn which can showed

e secord i comgone:

Fig. 11: 3D data plot in the coordinate space formed from first
three principal components.
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5 Conclusion [10] Shu W N, Wang W, Wang Y J, A novel energy-efficient
resource allocation algorithm based on immune clonal
In this paper, we present real-time, low cost, low power optimization for green clqud computing. E.URASIP Journal
consumption and large detecting area, PIR sensor systems on Wireless Communications and Networking. 2014, 1: 64.
for walker detection and recognition. Use the PIR sensof11] Zhao Y, Zhang C, A RBF network direct generalized
dynamic can not only solve the contradiction between the predictive control based on tracking error adjustment.
distance and the angle but also achieve the goal of simple International Journal of Applied Mathematics and Statssti
identification. The result of experiment validate that gsin 2013, 43(13): 126-133. _ )
frame difference method can extracting the target signalt2l Wang Y J, Chen P, Jin ¥ F. Trajectory planning for an
from dynamic PIR sensor signal and using principal unmmaneq ground V.Eh'CIe group using augmented particle
component analysis can achieve different personnel swarm optimization in a dynamic environment. Systems,
recognition Man and Cybernetics, IEEE International Conference on.
) S . 2009: 4341-4346.

Our future Work will include better selection  of h[13] Zhao, Y. Study on Predictive Control for Trajectory

features and algorithms for the open-set, less clot

. - L : ! Tracking of Robotic Manipulator. Journal of Engineering
sensitive human identification and simultaneous multiple  ggjence and Technology Review, 2014 7(1): 45-51.

people recognition by using dynamic PIR sensor. [14] Masahiro K, Yuichi M,et al. Acceleration of the alternation
least squares algorithm for principal components analysis
Computational Statistics and Data Analysis. 2011(55):143
Acknowledgment 153.
[15] Wang H W, Guan Ret al. CIPCA: Complete-Information-
This work was supported by the National Natural Science based Principql Component Analysis for interval-valueda
Foundation of China (Grant N608710410) and National ~Neurocomputting. 2012(86):158-169.
High Technology Research and Development Program of
China (863Program)(Grant No.011AA040404).

Sun Qiao is currently
working toward the Ph.D.
degree at north university
of China. Her research
interests include wireless
sensor systems for human
tracking and identification.

References

[1] Zheng Y, Brady D J,et al. Fiber-optic localization by
geometric space coding with a two-dimensional gray code.
Appl. Opt., 2005(44):4306-4314. L3

[2] Sekmen A S, Wilkes M, Kawamura K. An application
of passive human-robot interaction: human tracking based
on attention distraction. IEEE Trans. Syst. Sci. Cybern.
2002(32):248-259.

[3] Shankar M, Burchett J B, Hao Qgt al. Human-
tracking system using pyroelectric infrared detectorgicap
Engineering, 2006, 45(10):106401-1-10.

[4] Fang J S, Hao Q, Brady D & al. A pyroelectric infrared ¢
biometric system for real-time walker recognition by use &
of a maximum likelihood principal components estimation §
(MLPCE) method. Optics Express, 2007, 15(6):3271-3284.

[5] Gopinathan U, Brady D J, Pitsianinis NP. Coded apertures

Yang Wei received
the B.E. degree from
North university of China in
1982. He is a senior engineer
working in north university
of China. His research
interests include wireless
sensor systems and MEMS.

for efficient pyroelectric motion tracking. Optics Express Zhang Wendong
2003(11):2142-2152. received the Ph.D. degree
[6]Hao Q, Brady D J, Guenther B Dt al. Human tracking from Beijing institute

with wireless distributed pyroelectric sensors. IEEE $ens
Journal, 2006, 6(6):1683-1695.

[7]1Yang J, Dong Y G, Wang D S. Discrimination of human
motor patterns by pyroelectric infrared signals. Instrome
Technique and Sensor, 2009 oct:368-371.

[8]Wang L H, Gong W Gt al. Low false alarm rate human mobile postdoctoral stations
body recognition using pyroelectric infrared signal and in Tsinghua university from
wavelet entropy. Chinese Journal of Scientific Instrument. 1996 to 1998. His research
2009(30):2487-2490. interests include dynamic testing technology and MEMS.

[9Q]Wang Y, Gong C, Su B K, Wang Y J. Delay-dependent He is a senior member of IEEE
robust stability of uncertain TS fuzzy systems with time- '
varying delay. International Journal of Innovative Conipgit
Information and Control. 2009, 5(9):2665-2674.

of technology university
in 1995 and his B.E.
and M.E. degrees from North
university of China in 1982
and 1986. He worked in the

(@© 2015 NSP
Natural Sciences Publishing Cor.



	Introduction
	Principle of dynamic PIR sensor detection and identification
	Experiment system setup
	Experimental
	Conclusion

