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Design of automatic parking target detection and location based on radar ranging
LI Shengkai, WU Changshui
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Aiming at the problem of insufficient target ranging and vehicle positioning accuracy caused by the influence factors
such as distance, complex parking environment, and wave timing of ultrasonic waves in the process of automatic parking, this paper
designs a real-time correction algorithm and a positioning system to achieve precise ranging and positioning of the target objects. In
the research, the threshold parameters and measurement parameters of 3 sets of ultrasonic probe chips are configured based on
different distances and different road surfaces, and the temperature, time synchronization, and environmental adaptive algorithms are
integrated to transmit and receive waves. A set of multi—ultrasonic radar positioning system is designed based on the strategy of one
—transmit— multiple — receive wave and the sequence of polling wave transmission. Through real vehicle verification, within the
measurement range of 20~240 cm, the ranging error does not exceed 1.5 cm. The research results show that the algorithm designed
in this paper greatly improves the detection accuracy and can be adapted to parking applications in complex environments.Realizing
the accurate ranging and positioning of the target provides the basis for the fusion of cameras and ultrasonic radar data and the
implementation of the visualized distance parking system.
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Fig. 1 Schematic diagram of sensors layout
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Fig. 2 Ultrasonic radar driver block diagram
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Fig. 3 System external circuit
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Fig. 4 Echo signals detection on the gravel pavement
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Fig. 5 Detection of echo signals from long—distance obstacles on the

gravel pavement after optimization
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Fig. 6 Detection of echo signals from close obstacles on the gravel

pavement after optimization
2.2 EHBHEEXRET
221 REHIE
T 7 B R A7 A R S R TR AR b
1 °C 3 EEARAE 0.6 m/s , 1 1T 52 M X6} [ 40 RO ARG
P R SR EE G R WA (1) PR .

T
V=331.45 x |1 +— (1)
273

Hor ) VORI T, R AT AR

PR R FR R O R R TR A A AN
T E RS TR Tl MCU 3% T3 SR A 4 I
5, AN AT CAN BRI,

WE S s ARW— W75 B IR R, B IR
B, IR A 7 e TR kL, e i 45 1%
TR IR A 25 A 10% 36 B 9 50 A %, DR A
RS &N W S P

T,=(T,+T,)/2 (2)

Hp, T BRI RIREE, T, REHINE,
2.2.2 BRI AR IE

H T MCU 3K 8l 24~ H 75 ih o 7 B THRER
() 25 %) ) AL, S 50N PR RS AR A1, T DA 5 2 T[]
FHFIE A, AT Z R A A R

ty =ty + (L = L) (3)

Horr ) ¢ S I 5 A TR A ] 5 2 A A IR AE 11 (o]
WERFIE] 5 ¢, 2 24 I Dl 3 3 A0 2 0t A ) 38 0, 2
214 T UAC I 30 3 ) B )

2.2.3 B AIENHFIERTT
LR SRR, Ry /0 52 i BRI % [ g A 0 32 o



5 6 1]

BT, A AT A SR 4 H ARG -5 Bt 75

AR TIE , [ iy JEE A [ B 8 A [ ) G 2 i )
REFR AR AT T — R R PR R A 3 4
[ 00 A A TR R SRR B0 AN PRI B g ) R
VL. TR E A RS 22 , 35
355 1 3 O SR T L T B R )R L A BE Al 1 AT
TEIRSERRE , HAARRIARE T T A b S o e
) PVC B Xl A AT 22 0 B 0 22 O 1
AL T

BEAE 10 em g5, 3l 5k P S RV ), 793
2AKHESHL, AR TARTE B3 LaEAT K 7 i
TOIAE IR E I T2 BARBOR S I L
K7,

7 AEER
Fig. 7 Bench model
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Fig. 8 Real—-time correction algorithm logic flow chart
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Schematic diagram of the time sequence of transmitting

Fig. 10
and receiving waves of ultrasonic radars
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Tab. 1 Measured data of uncorrected short-range ultrasonic radars

PRI R /em MHEEEE Lem MHEIEE 2/em MEMHE 3/cm FHEE/em 4%FiR2%/ecm HXHRZE/ %

18.5 22.7 23.4 22.4 22.83 4.33 23.42
27.1 29.1 30.9 29.5 29.83 2.73 10.09
34.1 30.4 31.6 36.4 32.80 -1.30 -3.81
56.3 57.9 58.3 59.4 58.53 2.23 3.97
68.5 72.4 70.1 65.4 69.30 0.80 1.17
79.4 84.6 85.1 81.9 83.87 4.47 5.63
89.6 94.6 96.7 96.4 95.90 6.30 7.03
100.7 104.1 97.9 104.5 102.17 1.47 1.46
120.4 114.9 116.3 115.4 115.53 -4.87 -4.04
140.6 136.8 135.7 137.1 136.53 -4.07 -2.89
165.4 169.7 162.7 160.3 164.23 -1.17 -0.71
182.5 178.5 179.5 176.4 178.13 -4.37 -2.39
202.4 204.9 206.4 206.9 206.07 3.67 1.81
220.1 215.1 214.9 217.3 215.77 -4.33 -1.97
243.3 248.9 251.4 252.2 250.83 7.53 3.10
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Tab. 2 Measured data of short—range ultrasonic radars after correction

PRI /em MEEFEES 1/cm MHEFEE 2/cm MHEHE 3/cm FEE/ecm 4iXHR 2% /em HIXHRZE/%

20.4 21.1 20.9 21.3 21.10 0.70 3.43
31.5 31.8 32.2 32.3 32.10 0.60 1.90
45.1 443 44.2 44.7 44.40 -0.70 1.55
66.8 65.4 66.1 65.5 65.67 1.13 1.69
82.6 81.4 81.6 82.1 81.70 -0.90 1.09
100.0 100.5 100.8 101.1 100.80 0.80 0.80
120.2 119.6 120.8 120.4 120.20 0.07 0.06
150.8 150.3 150.4 150.3 150.20 -0.57 0.38
182.6 182.9 182.2 182.6 182.50 -0.03 0.02
212.7 213.5 212.1 213.7 213.10 0.40 0.19
242.5 240.4 241.1 241.6 241.00 -1.47 0.61
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