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Design of ABS sensor output sinusoidal signal measurement
device based on STM32F4

REN Mengyuan, HUANG Fangling, ZHANG Rongfu
(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China)

Abstract: The automobile wheel speed sensor is one of the key components of anti-lock braking
system (ABS), and its performance directly determines the level of ABS performance. The output
of the magnetoelectric ABS speed sensor is approximately a sinusoidal signal, and the performance
of the sensor can be obtained by analyzing the amplitude, frequency and effective value of the
sinusoidal signal. This work takes STM32F407 as the main control board and uses fast Fourier
transform as the main tool to design a digitally controlled sinusoidal signal measurement device to
measure various parameters. It has been verified by experiments that the device can accurately
measure the frequency, effective value, peak value and distortion of the input signal within 5% error
and restore the signal waveform. At the same time, in order to facilitate observation, this design
uses the bluetooth communication module to synchronously upload the measurement data to the

mobile phone.
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Fig. 1 ABS sensor induced voltage transformation curve
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Fig.2 System block diagram
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Fig.3 Distortion measurement flow chart
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Fig.4 Pre-stage signal conditioning circuit
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Fig.5 Programmable amplifier/attenuator circuit
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Fig. 6 Signal preprocessing circuit

AT ZE I BAT A . B T
HLU R B e eas AT BT AR IERE, JRH
FERGIL | 7 S8 AN B [ 7 105 1 ORISR A £
ARAR, ATRA R RGBT 20K . AREHH R A
Ew,

Vims = MVinz/Vrms (17)

JO7 PR SR 8 B A RS i >4 A Fi B

P2 BV AT S A B U0 O 32 28 55 18 A 2 f D
B H A E 2 C1onl % e ]
B, IO RAERA B . s S0 R IV e s
[H]. R1. R2, Cl. C2 K51z OPA277 #4 %
R R IR R A I s AT A
PEREAR AL A2 L LF356 A4 p L JEIRBE RS , S Hi
LGNS s RN UN T

W (EAGIN . LR AR . AR S



42 - ¥ B 5 45 %

Ji OPA350 HIL, A AN S5 Fy e (0 o

e R AT RIS IR 500 kHZ

LA, % T 100 mVpp BL_E A S0 5 2% F4

T3R5 3% DL, B B B & — s ] e

DA O (A L B, (EL e B 2 KA T 0 S

FRZS, b0 A S5 R ARSI T B K i LoE

WA e s i N TR RS, 5 Y

AT G —R SR B, T T B I ANZ L ‘<@ﬁ@>

HEAR L3 AR ADIRAS . HL K Tina9 17 2L45 10

] 7 %, SRR B R 2E E 3% LAPY. e - ‘
, é@m* o] Se | R
1 s | | ¢ |
I

<

0 50u 100u 150u
7 IEEHNEE Tina9 (7E

Fig. 7 Peak detection circuit Tina9 simulation

I PR P ] LCBERR S, 8 IE 3%
SRR S, T T LR LT
T AR

5 REEMsit

TR R AR A R A (E
AT RN, AR 2 n il & AE, [
ik 2 S R L v PR BCRAs BBORT 40K R g A
ST 56 A b L o AR R e Ak 3
FEAHE ERAOCRF T . ADC RERTIX
T flBEE LT . FFT Eykikit . s
R4S

FFEEWME 8 Fin, AT~ (LCD)
Bt LT TR RUE . R, KRR IR
PE . BfGik 5 MBI, % FRFER X
WHATRR R . NHEXS T 5 AN X T
YEVERRT A4

WA RIAT 5 . o A5 5 38 Ao A1 v B Ah 3
J&, STM32 () ADC RAEXT N B HLRAE, il
FATHGE S5 5 15 B (A BUE B o

SREATZN

FUBFE AL T

Y

8 MU RIEE
Fig. 8 Software flow chart

SR . STM32 HEATH AR ZR, 8 a3 XU it
A TR RS B A G S 0R , AR AT
Ml s o

RESE: WAGSUATFK FFT, 50
MBS HE, T8R4 THD, HEARFREWE 2
BN

PGS I AR ADC W) bR 48 14 v, T 1
SEARARZIEE, tiET FFT B ADC SRAEF 1 HL R
B SR R

BE L% . STM32 5 F-HLAY 45 B 3 15 1
FHE A5 AR HCO6 S2BL, i A HR 11 UEA7 5509
i

24 FHJE, SANEI TR L, ALk
it . ADC. DAC, EN 88 F FHi, Wik
G, RGN S IEEE TR, A



2 FA5R, 2. BT STM32F4AABSIERE I b 1F 1% (5 S B ikt

e 43 o

AT AR OR R 45, TR AE S IR
YeFErE 1~2V, (RUEE Sl i f T
Fre P Bt R BT, % F IR HIWHE T X
B, R BRI R e TIRESIINAL , RIS R
T DG, OSBRI S s bk 42 ) i e AN ] Fidch
PRALES, HiBh STM32 #EA Tl &, 145  Bon

JTo /\/L

IR PR Lo — IR EE AU T DUl 4% T s
Jit bR AL XA 5S8R — Uil
VEHER o

6 REMXESH

AT LR RGRE R A TS
B, XA IESZ G5 0EE . ARUE ., 4
RCRAEEMPIEIET T ST, L5950 50E
A E A SHGHATHERR I

YPGBk R S EA
AN HEATINES , R s D (A S i £ )

Frag i e B [ —15 5 A SCHET T I e
PN 2 AR 45 R SR P AR AR 4 5, T
MR
6.1 I&H

TR B T Bl AW 50 mV, 100 mV,

500mV, 1V, 5V, 10V [R5 % F 8% {5
90
80 oo °
70 ¢
60 +
8 sof
=
on
'5 40 ¢~ # —
o
ESHEREE = .
30 F
20 —— 50 mV - 100 mV 500 mV
1V -5V « 10V
10 +
0 200 400 600 800 1000 1200
$iZ /kHz

B9 WMANESIEENELE

Fig. 9 Input signal peak measurement data
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Tab.1 Input signal frequency measurement data

IR /mV B2 /kHz AR /mV Hi 4 /kHz WU AH /mV Ji% /kHz

50 0.998 500 50 5000 499
100 1.000 1000 50 10000 501
500 1.000 5000 50 50 1003

1000 1.001 10000 50 100 994

5000 0.999 50 499 500 998

10000 1.001 100 497 1000 1000
50 50 500 498 5000 998
100 50 1000 500 10000 1000

x2 KEENEHIE

Tab. 2 Distortion measurement data

i % /kHz THD, THD, THD, THD, THD, THD; |THD(-THD y0x
1 5% 4% 5% 7% 7% 4% 3%
1 10% 11% 9% 9% 10% 9% 1%
1 50% 46% 48% 46% 53% 50% 4%
50 5% 5% 6% 7% 6% 6% 2%
50 10% 11% 9% 11% 9% 11% 1%
50 50% 47% 48% 47% 49% 47% 3%
100 5% 5% 5% 5% 5% 4% 1%
100 10% 10% 8% 9% 11% 9% 2%
100 50% 47% 45% 48% 45% 46% 5%
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