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A Study on Development of Steering Sensor for Electronic Power Steering
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Abstract - In this paper, for the first time a new type of narrow-range angle sensor based on inductive effect is
introduced and studied. A prototype steering angle sensor is also designed and fabricated to compare the characteristics
of the four methods from the viewpoints of sensitivity, linearity and resolution, angle range of the sensor output. This
sensor is designed to be sensitive to very small resolution in angle with detected range is scaled down to about 12bit.
An intensive investigation has been carried out to study the behaviors of the sensor and optimize its performance by
signal compensation. These behaviors are discussed and explained using an analytical and experimental testings.
Moreover, Application possibility of the sensor are proposed and a demo device based on the sensor is presented.
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Fig. 1 Structure of inductive sensor
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Fig. 2 Signal processing of inductive sensor
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Vosc = Vm sin(wr) (1)
Ax = A sm(wr) + n(t) (2)
Bx = B sin(wi) + n(?) (3)
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Ax+Bx = AB sinz(wt) + (A+B)sim(wi) * n(r) + nz(t) (4)

A By = M + (A+B)sin(wr) « n(1) + nz(t)

(5)
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Fig. 3 Signal processing of inductive sensor for noise
cancellation
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Cx = C sin(wr) + n(f) 9)
Dx = D sin(wt-n) + n(t) = -D sin(wt) + n(t) (10
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Fig. 4 Detecting module of inductive sensor
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Table 1 Decision criterion of unit angle
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Fig. 5 Signal processing for detecting of steering angle
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Fig. 6 1’st Signal processing of angle signal
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Fig. 7 Results of signal processing with lineality
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4-1 Sensor resolution

AYE]E WA 22 A Alse ofd2a e 23 ¢
7] W&o Fdee FogE T ¢ YAW FEHo=
EPS ECU®A PWM o4 CAN 4% $3 Oxd Az
2 BBANAC Iy WEY gxE HE Fo NF g
Table 20 YElAT) Table 2014 &4 4 g5l A/D W3
o] 9] PPS AZE 1mV ddoA WEsis AL Qg
g %71 dEe HA 71E A SVE 12bitsE A4t

40962 A2 AEFS e AE dAE 1.22mv7t foh

E: 2 2 2t Hslofl o5t AD U
Table 2 A/D value due to angle variation

Ttem Degree PPSlS.ignal PPS Signal}
(Original) (A/D Conversion)

1 294.5 18.83475 18.835

2 295 19.17267 19.173

3 2955 19.51058 19.511

4 296 19.84850 19.848

5 296.5 20.18641 20.186

6 297 20.52433 20.524

7 2975 20.85425 20.854

8 298 21.16616 21.166

9 299 21.79099 21.791
10 300 22.41532 22.415

4-2 Sensor accuracy
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Fig. 8 Accuracy characteristics of angle sensor
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4-3 Sensor angle range
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Fig. 9 Detection area of angle sensor

4-4 Sensor linearity
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Fig. 10 Linear characteristics of angle sensor
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Fig. 11 Sensor characteristics due to Z-axis distortion



N

_‘
G = o

Outputl V]

o

<

10 20 30 40 5 60 70 80 9%
Angleldegree]
a8 12 AMExe| 2o 25t MA EM
Fig. 12 Sensor characteristics due to signal compensation
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