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A. Nagy/ P. Horváth 
 
 

Development of an angular displacement sensor 
 
 

INTELLIGENT MECHANICS IN ROBOTICS     
 

 
Sometimes we need to measure the angle of rotation without contact in order to avoid 

disturbance of the examined object. It is the case for example when investigating the 

dynamic behavior of stepping motors. This paper presents a very simple and low cost 

optical way to measure the angle of rotation with sufficient accuracy [1]. The method [2] 

developed at Széchenyi István University is based on the light reflection, which depends 

on the known surface quality. The output of the applied CNY 70 reflective optical sensor 

placed at constant distance from the moving surface changes if the diffusion property of 

the reflecting surface varies (Figure 1).  
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                             Figure 1                                               Figure 2 
 

Three different patterns has been investigated: (a) black and white half plane with 

slanting transition, (b) black arrow on a white surface, (c) continuous transition from pale 

gray to black. Patterns were printed to paper stripes and glued to a cylindrical disc 

attached to the axis of the stepping motor (Figure 2). During the calibration procedure 

the stepping motor was driven by moderate step frequency of 10 Hz, while output 

voltage was measured by a digital oscilloscope (Figure 3, output voltage vs. angular 

displacement). During tests the distance between the sensor and disc was kept 

constant: 1, 2 and 3 mm. The role of the sensor position was also investigated, parallel 
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and perpendicular to the axis of symmetry. 
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         Figure 3     Figure 4 

 

Conclusions 

• The best results were gained by pattern „c” because it was the less sensitive to 

position errors of sticking. 

•  Distance between the sensor and reflecting surface have also effect onto the 

results. The best result was gained at a distance of about 3 mm.   

• Sensor position (parallel/perpendicular) has no considerable effect. 

Without further signal processing only a limited accuracy can be reached, but the results 

are acceptable for qualitative investigation of the dynamics of a stepping motor of 1.8
� 

step angle (Figure 4). As the static curve exhibits strictly monotonous features, the 

output signal can be linearized applying the inverse characteristics.  
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