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Application of Ultrasonic Transducer Array for Obstacle
Detection Technology in Unmanned Automobile

PAN Zhong ming, HE Har gen
( College of Me chatronics Engineering and Automation, National Univ. of Defense Techmobgy, Changsha 410073, China)

Abstract: An ultrasonic obstacle detection system for mounting on the front bumper of an automobile was designed. Using an
omnibus ultrasonic transducer array and ultrasonic pulse coding techniques, an agorihm for collision identification was formulated based
on a synthetic aperture to discriminate between echoes constituting real threats and those that do not. Theoretical calculation and test
results show that the detectable diameter of flat boards is 15mm, and the active range is between 0.2~ 25m. Furthermore, the multiple
obstacles in front of the automobile can be located simultaneously.
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Fig. 1  Pieze-disks used as ultrasonic transducers

24kHz ,
s 40kH 7 ,
2 ,
24kHz 4 2
; © @ ; 40kHz 3
® ; @ 0.5~ 2m)

F
[ 40KHZ (T/R) J
24kHz (TIR)
2 3 @
Fig. 2 An omnibus ulrasonic array Fig.3 The SA borderline of region 1
2m )
Ds= 2% tan(5°) X 10~ 1.75(m)
, ® @
4m

Dy=4xtan(5) x 6=~2. 1(m)
4m, 2. 1m



123

T/ R ( 3) T/R
R At
At = isine
C
,d — ;
¢ 5
0— R b( )
16l
d< N2
, A—24kHz
At 0.03
(4~ 25m) , A
4
@ 0.02 &A
, At ( ’ \? 0.015
t ) -
0.01
4 : ?
: 0.005 e
u= (0.1°ex’= 3. 200+ 52) x 10°° .
u— At : 10 20 30 40 o 50 60 70 80
x —
TOF , t 4 ©
3 4 Fig.4 The calculated SA curve of region 1
T/R , R T/R ) 3
At Su (1
D= (a+ b)/2 (2)
T
. b—a
N~ arcsin ( d—) (3)
,d<a,b
2 @ 2
3
3.1
4, min{ At} ~0.005ms, 24kHz ,
200kH z, At, min{ At}
= min{ At} x 21
3 40kHz s 100kHz
(1) 4m CD K 2) Ims



124

; BF
. TOF
(2) :
, 24kHz A B
40kHz D
B F
,N r( n)
77)
Ts,
2 c b
, T
24kHz
10mm
PN
s(n)
5 6
20= 2000,
(6)
,  ¢=340(m/s)
, 2AkHz

Ts= 0.005ms

10ms

Do= ¢ xTOK2=0.2(m)

4~ 25m
G ,

M-1

m= 0

max _ C,

TOF= Ts x (L- M)

D= (¢ xTOF)/2

c=331.4+ 0. 6T (mys)

8m z

, S

PN ,

(4,

ABDF G(

s(n)=r(n)+ 2 (n+ D+ r(n+ 2)

Cr

Zs(m+ n) * Te(m)n=o01, . N-m

s Tr(n)
m= L,
[5]
(
R
sl I 5

L= 584x20= 11680,

(5,

TOF= Ty x (L— M)= 48.4(ms)

D= (¢xTOF)/2~8. 28(m)

0= arctan( 822;;8

)~ 1.6

T/R 32m

2)

15mm

(3)

(6)

M= 100x



125

OIAY

400 450 500 550 600 650 700

|{f ;
i i [ X20
600 650 700

s(n)

0 i i j
400 450 500 550

FERILRS | RAER
5 PN

Fig.5 The echo and i’ s contour stimulated
by unipolar PN code

3.2

2 7 s MAX155 8

8 , / ,
3.6Hs(277kHz) , 8 x SRAM + 5V ,MAX155
s 2.5V
ABF G MAX155 AINO~ AIN3 C
D E MAX155 AINO~ AIN3
FPGA MAX155 TMS320C54 DSP BCDE F
TMS320C54 DSP ,
s R 20k FPGA
4
LabV iew
, DSP+ FPGA s
0.2s 60km/h ,
3. 3m, 4m

1500

1000

500

=500

! : X20
550 600 650 700

i : ;
1000, 6450 500

FFFIRIRS | RFE R

6 PN s(n)
Fig.6 The correlation function between
ambi polar PN code and s( n)

[1] Jugen R K. Objed Detection, Coll sion Warring and AvoidanceSystems[ M ] . Society of Automotive Engineers, 1994

[ 2] Frenkel R, GaoR X. Ulrasound Pulse Coding for Robust Obstacle Detedion Using a Long Cane[ C]// Insrument ation and Measuranent Technology,

2006 1251 1256.

[3]

[4]

[5]

[6] , . [M],

[7] ) 5 . 1.

[J. ,2002,21(8): 10— 14.
[J]. , 2006, 20( 5) : 73— 76.
[J1. , 2002, 24( 6) : 95— 8.
, 2005.

,20006, 19( 1) :207- 210.



