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- Modelization of an Electric Fan Noise
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Abstract—Recently, the study with microwave Doppler radar The study focused on human behavior such as classifi-
is paid attention to. Microwave Doppler radar is one of the cation of life pattern and detection of outliner, estimation
non-contact sensor, and detects the action of objects. The ot haart heat and breathing has been developed. However,
study focused on indoor human behavior has been developed.d. turb . t that pet and electronic devi
However, disturbance environment that pet and electronic IS qr arlce enwronmen _a pe .an eec. romc eV'C,e are
device are moving in the room is considered in real da||y m0V|ng n the room.|s ConSIdered |n. real da.||y I|fe..PreV|OUS
life. We considered that an oscillating electric fan is most works do not consider the such disturbance noise. In the
difficult disturbance environment to discriminate from human  electronic device, one is temporal moving like a microwave
breathing, because the frequency range of which each signature oven, another is contiguous moving like an electric fan.

e the mouinaof an esinne Blopis fan hace o The identification of an electric fan and human breathing is
the data obtained from microwave Doppler radar. Finally, difficult because the frequency range which each signature
we evaluate the modelization of the moving of an oscillating appears is similar.
electric fan. We compare computer simulation with metering  \We considered that an oscillating electric fan is one of
experiment by residual sum of squares. As a result, our model the most influential disturbance environment in room, and
shows good performance. . A . .
focused on the moving of an oscillating electric fan to dis-
Index Terms—Microwave Doppler radar, Statistical distur- criminate from human breathing in disturbance environment.
bance rejection, Disturbance modeling A goal of this study is to simulate the moving of an
oscillating electric fan. Generally, the measurement that took
I. INTRODUCTION advantage of Doppler effect computes the speed from the
HE aging of the population is rapidly progressing isensor to the target. However, in the case of that measures
Japan, and the solitary death of the elderly that beconi&é€ variation of distance between the sensor and the target
sparse with society contact has been a social problem. Itike a oscillating electric fan with Doppler signal, we need
predicted that the proportion of elderly people over the 6%stimate the phase difference of signal[5].
years old increases more. Therefore, it is apprehended thaln this paper, we evaluate the modelization of the moving
the solitary death of the elderly increases more in the futui@, an oscillating electric fan by the computer simulation and
From this background, the introduction of health care ariie metering experiment.
daily life support, safety confirmation system with network,
and the technical development has been strongly predicteti. SIGNAL MODEL OF A MICROWAVE DOPPLER RADAR
Recently, the study with microwave Doppler radar is paid In this study, we used the microwave Doppler radar of dual
attention to. Microwave Doppler radar is one of the norype. This sensor provides two outplits and 1, which the
contact sensor, and detects the action of objects. phase is different from each other, and the difference is 90
Naoi et al. proposed a method extract heartbeat compongstreesy;, V, are said to I-Q component. The two outputs
from moving of human body surface with several microwavehow Eq.(1) and Eq.(2).
Doppler radar[1]. Sekine et al. and Kim et al. proposed a AR
method distinguishes several actions of objects from output Vi = Apsin (T + ¢) + 01 +w 1)
signal of microwave Doppler radar[2][3]. Tanigawa et al. ArR
proposed a method to detect chewing by periodicity of jaw Vo = Agcos (—— + ¢) + Oz + wa (2

: : A
motion n a microwave Doppler radar[4]. . . . . .
otion based on a microwave Doppler radarf4] Where, A is the amplitude of the signal, is the microwave
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the sensor, counterclockwise if the target is coming close to We need to compute the variation of a fan’s surface area in
the sensor. seeing the fan from the front of the sensor, and the variation
of distance between the sensor and the fan that detects objects
V2 moving based on the the variation of fan’s rotating angle.

A 3 B. The variation of surface area

° An amplitude of the received signal obtained from mi-
o} crowave Doppler radar depends on irradiation area of the
objects. Therefore, we must consider the variation of surface
area which saw the fan from the front of the sensor. If the
e s 4 - surface of a fan is circle, we assume that the surface area of
----------------------------- a fan change like the part surrounded with a frame at Fig.3
in the case of settig fan and sensor in same height.

Fig. 1. The phase change of the signal

In this study, we use the microwave Doppler radar. Tt
Doppler frequencyf,; Hz can express in Eq.(4),

fa= 2oxv (4)
C

where f; is sensor’s center frequency,is a object’s speed [

S
o A
o=
o v
-

m/s, c is a light speed.0 x 10% m/s.

Ill. A PROPOSED METHOD TO SIMULATE THE MOVING OF
AN OSCILLATING ELECTRIC FAN

Flgl.lre saw tIne fan fr
| |
| |

—— )

m the Hront of thﬁ sensq
|
|

A. Oscillating electric fan’s angle modeling Sensor

Oscillating electric fan’s moving is not constant. Fo
example, a rotation of a fan temporarily stops at both ends,
the fan’s rotating speed slows little by little before the faRig. 3. The variation of fan's surface area which saw the fan from the
stops. Therefore, we need an oscillating electric fan’s moviffgnt of the sensor
model. We showd(the variation of the fan’s rotating angle
in one period) at fig.2. X-axis is time, Y-axis is angle.

In this case, we can expresgthe surface area) based on

—cos(x) +1 - : ) . ;
fam (5) the variation of rotating angle in Eq(5R is a radius of the

_ o o fan's surfaced is a fan’s rotating angle.
This function is generated under the variation of a fan's

rotating speed and rest time at both ends. The fan’s rotating )
angle is60 deg and rest time at both endsi$ S. 6,4 iS S = Rm cos(0) (6)
60 deg.

9:

C. The variation of the distance

We need to calculate the variation of distance between a
sensor and a surface of the fan, because the phase change is
proportional to the range change between the target and the
Sensor.

30 40 50
1 1

rotating angle of a fan
20
|

I = \/(Esin(8)—Rcos(6))2+(lo—(E cos(8)+ Rsin(0)))2 @)

Where R is a radius of the fan’s surfacd; is a distance
from the fan’s surface to rotation axis.varies according
to a fan’s rotating anglefd Our proposed method doesn't

Fig. 2. The variation of fan’s rotating angle . , :
consider the fan’s elevation.
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Fig. 5. 3 patterns of the fan’s setting position against the sensor
Fig. 4. The variation of distance from the sensor to the fan

We show two output$’ andV; obtained from microwave

Doppler radar at Fig.6. Solid line i&;, dot line isV5.
Then, we expressed the phase differefgein subtraction

of transmitter pulse phasg,. from receipt pulse phaseé,. N
¢o is the initial phase7'r(t) is round trip time. Round trip |
time is a time from outgoing to feed back of a signal, ang _ 1
expresses i (t) = 2l/c. s

15 25 35

T T T T

¢r =27 fo(t = Tr(t)) + do (8)
¢5 = 27Tft (9) g 2 4 X AN AN A AN XA AN SN XA AN X oIV
0 10 20 ::e[s] 40 50 0

Ad = ¢r — ¢ (10) .

v |
Bl

We can simulate the Doppler sensor signal of the oscillatirggzz PPN AANANPAAAY PANSA LA AN Ay

electric fan by substituting\¢ and S from Eq.(6), Eq.(10) =L, , : ,
to Eq.(1), Eq.(2). 0 10 M ® M o M

time[s]

Fig. 6. Time series data of two outputs obtained from microwave Doppler

IV. EXPERIMENT radar

In this experiment, we use IPS-154(®Hz continuous-
wave) manufactured by Innosent Co.,Ltd as a micro-wave V. SIMULATION
Doppler radar, and EF-D945W manufactured by Twinbird About parameters

Co. Ltd as a fan. ) We simulate signal output of microwave Doppler radar

We set the sensor's sampling frequencyis Hz, and we y the oscillating fan model(Sec.2, Sec.3). The advantage
cut the high-frequency noise by low pass filter fronz to ot simulation by computer is that we can freely change the
1.0 Hz. The observation time i60 s in this experiment. parameter, and tackle various condition.

We set the distance from the senor to the fari.is m, In this section, we simulate fan’s rotating angle by adjust-
the height of the sensor and the fan0i§6 m. A rotating ing the parameter under the same condition with experiment
angle of the fan we used &) deg. The fan stop8.5 s atthe data. We show initial value of each parameters at Table.1.
rotating angle in the point o deg and60 deg. The onset F is sampling frequency(0 Hz). f, is the sensor’s center
point of all datasets is at the left point of fan’s rotating anglgrequency?.4x 10'° Hz). ¢ is light speed(3.& 10° m/s).v is
The rotating time from the left to the center of the rotatinghe migration speed of a fahm/s). ¢, is the initial phase(2).
angle is1.8 s, and the rotating time from the center to the, s the initial distance between the fan and the sensor. As
right of the rotating angle i2.4 s. the feature of an electric fan used in this experiméhtis

We considered 3 patterns as the fan’s setting angle agaitngt radius of fan's surfacdy is the distance from the fan’s
the sensor(Fig.5). The fan faces the sensor in each pattewurface to the rotation axis. And, we considefEdis the
and rotates from-60 deg toOdeg against the sensor at (A)rotating time of a fan from left side to right sidé,is the
rotates from—30 deg to30 deg against the sensor at (B)temporal difference of rotating time arid is the rest time
rotates from0 deg to60 deg against the sensor at (C). in both ends.F' is the fan’s rotating anglep is the initial
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angleof a fan. And, we cut the high-frequency noise by low

pass filter from0 Hz to 1.0 Hz.

TABLE |
EACH PARAMETERS
T; 1 w lo R E
42s 0.6s | 05s | 1.4m | 0.175m | 0.15m
F D
60 deg -60, -30, 0 deg

B. Result of the simulation

V1. CONCLUSION

In this paper, we proposed a method to simulate the
moving of an oscillating electric fan based on the data
obtained from microwave Doppler radar. And, we evaluated
the modelization of it by the computer simulation and the
metering experiment with each residual sum of squares. Our
proposed method is very sensitive, and the result changes
by slightly changing the initial angle of a fan. For example,
when we change the initial angle of a fan in steps—&f
deg each other, each residual sum of squargs4j2.489,
(B)3.145, (C)1.396.

Because we set the sensor and the fan in the same height

To evaluate the modelization of the moving of an OSsach other in this study, we expressed the distance from
cillating electric fan by the computer simulation and théye sensor to the fan in flatland. But these height is not
metering experiment, we paid attention to Phase-plane. Phag@essarily the same height in service deployment of safety
plane is a method that let us get a different viewpoionfirmation system. Therefore, we want to study three

about the phenomena can be found in nonlinear systefimensional space model as a distance calculation method
X-axis is velocity(1st derivation of one-dimensional timei, the future.

series behavior), and Y-axis is acceleration(2nd derivation

of one-dimensional time-series behavior)[6]. By computing

trajectory distance) of the output V1 and V2,

D= \/(xz — l‘i_l)Q + (yz - yi—1)2

we can compress the data to one-dimensioris the data

length.

(i=2,..,n), (11)
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We calculate power spectrum of the ovserved and simu-
lated signals using FFT(Fast Fourier Transform), and stan-
dardize at max value of the results. We calculate residual sum
of squares to evaluate the modelization of rotating angle of a
oscillating fan by the computer simulation and the metering

experiment at Table.2.

TABLE Il
RESIDUAL SUM OF SQUARES
(A) (B) (©)
2.488 | 3.400 | 1.444
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