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Fabrication and Experiment of Ultrasonic Sensor Integrated Motion Recognition Device
for Vehicle Manipulation

Yeongmin Na, Jongkyu Park’, Hyunseok Lee, and Taechun Kang

Abstract

Worldwide, studies on intelligent vehicles for the convenience of drivers have been actively conducted as the number of cars

has increased. However, vehicle convenience enabled by buttons lowers the concentration on driving and hence poses as a huge
threat to the safety of the driver. The use of one of the convenient features, impaired driving auxiliary equipment, is limited because
of its complex usage, and this device also hinders the front view of the driver. This paper proposes a vehicle-control device for
controlling the convenient features as well as changes in speed and direction using gestures and motions of the driver. This device

consists of an ultrasonic sensor for recognizing movement, an arduino for accepting signal control functions and servo and DC
motors apply to various vehicle parts. Firstly, the vehicle-control device was designed using a 3D CAD program known as Solid-
works based on the size of the steering wheel. Then, through simulations, a suitable length for minimizing the absorbent between
ultrasonic sensors was confirmed using a program known as COMSOL Multiphysics. Finally, simulation results were verified
through experiments, and the optimal size of the device was identified through the number of errors.
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Table 1. Tendency of accident by Forward-looking neglect over the

past 5 years

Factor Ratio Ranking
Frequency 552% Ist
Death rate 3.25% 3rd

Fig. 1. Distance measurement of ultrasonic sensor.
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Table 2. Specification of HC-SR04.

Factor Value

Voltage 5V (DC)

Current 15 mA

Weight 15¢g

Size(W-H-D) 45 mm-20 mm- 15 mm

Range 2~400 cm

Angle +15°

Trigger 10 ps
Frequency 40 kHz

Fig. 2. Dimension of vehicle controller.

Fig. 3. Functions of each ultrasonic sensor.
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Fig. 4. Algorithm of the system.
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Fig. 5. Each part dimension of analysis model.
Table 3. Properties of aluminum
Property Unit Value
Density kg/m’ 2700
Young’s modulus N/m? 70x10°
Poisson’s ratio - 0.33
Table 4. Properties of polyethylene
Property Unit Value
Density kg/m’ 930
Young’s modulus N/m? 1x10°
Poisson’s ratio - 0.46
Table 5. Properties of air
Property Unit Value
Density kg/m’ 1.204
Speed of sound m/s 343
Table 6. Properties of PZT-5H
Property Unit Value
Density kg/m’ 7500
c;=1.26x10"
€1=7.95%10"
Elasticity matrix N/m? s=8.41x10"
c=1.17x10"
€4=2.30x10"
c6=2.33%10"
e;=-0.5
Coupling matrix C/m* ;=233
e =17
Relative permittivity F/m? 81121.503”(:8
€35=1.3x10"
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Fig. 6. Acoustic pressure according to acoustic absorbent length.

Fig. 7. Analysis result in the case of 40 mm.
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Fig. 8. Experimental environment.

;,3__1 },kﬂ

o} 2

o >-}1_,
)

)
F‘(

_?L

o &
S

=]

E]
nJZ
e“é

3|4 A3= Fig. 79 VFERAITE

gk &A1Y =ol= 40 mme

o =21
4148 A=A
2 e wdzte] 4YS T8 A Alojshe A2
o= ?*é 8.9} 2 WAL Fig 89 YeEpiSith 7+ a4

Ao Alzge Aol A, of
ol 4‘53 AEA= EM?AE}.

I8]3 A e A4S % Fig. 8- (b)e} 7ol W
Aol &£ B3t A7IE 255 AN 1Y .
AN e A8E Ao N2l 0}%015:01] A
)5l mhet zk Al ol Bt S| At
Alofshe gA]o ]UE ﬂ% 3 A ARALE
el TS HAas AA k] &
gt QM FEAel AAE Sl
Abole] M-S HAagteidlor 4
wol 5 =2 wEA oY A4E
v AlM oF 2Ake] & Afele] F=H A F, 9
%/KE]}\]O].Oiotq 7].%4_5—[_'0]5]_ OZPEE.Q_/':
1A 2pgel] A-8-sl7lel &M A 715
ﬁﬁH 2 AFsARE o= Zh Al A E 715
o]»— /\Ia‘-] 0 Al}\] O],oﬂ;]_

1:11—‘—

2 4
&
e
N

N
2
i’l

o2
ofr
st
N

0,
[o

=

i 4o e
:oll_v1
2
e

il

> o

B

2o

Y
I

o P 1o do N £

> Ho
o

o

0,
o

2or

oft iy
g~
1

il

]_

‘%

4.2 HSXY £00] [HE ZS T} Mol o14| el gl @
s 5%

285 A9 Q4 WAL HE B AFH WAkl A
Fgo] WAT 5 Yo ol AFe] OAFOR olojxlt. mp
2 A M2 B8] sl 23 AL £ 91



Fabrication and Experiment of Ultrasonic Sensor Integrated Motion Recognition Device for Vehicle Manipulation

Fig. 9. Recognition length test.

Fig. 10. Recognition length and time of error according to acous-
tic absorbent length
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Fig. 11. Wiper operating test.

Fig. 12. Vehicle turning test.

Fig. 13. Forward and backward drive test.
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