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Abstract: An optomechatronic module is proposed to achieve automatic and efficient calibration of a compact 

autocollimators for high precision angle measurement. Conventional autocollimators have several disadvantages 

including large size and high cost, thus efforts over the past decade have focused on producing compact 

autocollimators. To satisfy the needs of practical applications, the measuring performance of a compact 

autocollimator must be determined, raising the need for a reliable and efficient calibration module. 

Integration of the photoelectronic sensor, mechanism design and self-developed software produces a process 

for efficient calibration. The employed sensor is a dual axis position sensitive detector. The system includes an 

angular sensing module and an angular control mechanism. and signal processing is achieved through a 

self-developed measuring program. Comparison with a commercial autocollimator indicates that the proposed 

system can serve as a reference standard to calibrate other compact autocollimators such as DVD pick-ups. The 

corresponding measurement curve of a calibrated compact autocollimators can then be automatically determined by 

the measurement program. Experimental results verify that the standard deviation of the DVD pick-up yaw angle is 

less than 1.5 arcsec and that of the pitch angle is less than 4.5 arcsec (2σ). 

With the proposed automatic calibration system, the measuring characteristics of a calibrated compact 

autocollimator can be determined in a few minutes thus producing low-cost, high-precision angle measurements 

without commercial autocollimators.  
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Introduction 

Autocollimators are widely used to conduct 

precision measurements of various mechanical 

parameters, e.g. tilt angles, straightness and rotary 

indexing [1-3]. Using a conventional autocollimator,  

[4-6] angle measurements are performed with manual 

observations that unavoidably result in operation errors. 

Optoelectronic autocollimators use optoelectronic 

sensors to conduct measurements automatically thus 

enhancing measurement precision and efficiency.  

However, conventional optoelectronic 

autocollimators are still too bulky and expensive for 

certain applications, including on-line automatic 

inspections. Compact autocollimators [7-9] have been 

developed to overcome these issues.  

Prior to using compact autocollimators for 

practical applications, they must be calibrated to 

determine the correlation between the electronic 

signals and the corresponding angle measurements. A 

self-developed automatic calibration system is proposed 

for this purpose to ensure reduced costs, high efficiency 

and high measurement precision. 

http://www.ausmt.org/
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Measurement Principle 

Optical structure of an autocollimator 

Figure 1 illustrates the measurement principle of a 

laser autocollimator. When the measuring mirror is 

tilted with an angle  , the reflected beam will be 

rotated with the angle 2 , resulting in a displacement 

d of the focused spot on the optoelectronic detector. 

The relationship between the tilt angle and the spot 

displacement can be described by Equation(1), where f 

is the known focal length of the convex lens. By 

detecting d, the tilt angle can be determined.  
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Figure 1. Measurement principle of a laser autocollimator.  

Signal sensing component 

In the self-developed module, a two-dimensional 

Position Sensitive Detector (PSD, DL16-7PCBA3) is used 

to sense the displacement of the beam spot induced by 

the tilt angle. From PSD, the relationship between the 

output signals /PSD PSDX Y   and the tilt angle 
/PSD PSD   (i.e., the yaw/pitch angle) is expressed as 

Equations (2) and (3). Here 1 1/x yK K  is the linear 

coefficient obtained by the calibration procedure and 

Xsum denotes the voltage sum of X-axis on PSD, Ysum the 

voltage sum of Y-axis.  
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In the compact autocollimator (DVD pick-up), a 

quadrant photodiode (QD) is used as the sensing 

component (Figure 2). Four quadrant detection 

elements in QD serve to sense the intensity variation of 

the beam spot on the QD induced by the tilt angles. 

Initially the beam spot is restricted to the QD 

symmetrically. When there is a tilt angle, the intensity 

distribution of the reflected beam spot will become 

unsymmetrical. The correlation between the tilt angle 

and the intensity distributions on the four elements A, B, 

C and D can be expressed as Equations (4) and (5). Here 
/PSD PSD   denotes the tilt angle, 2 /x yK K   the linear 

coefficient and VA, VB, VC, and VD the output voltage of 

each sensing element.  

 

A C B D
x

A B C

(V )-(V )
K

V
DVD

D

V V

V V V


 


  
.           (4) 

 

A B C D
y

A B C D

(V )-(V )
K

V
DVD

V V

V V V


 


  
.          (5) 

 

A B

C D

 

Figure 2. QD sensing elements. 
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Structure of Calibration System  

Figure 3 shows the structure of the automatic 

calibration system and the angular control mechanism. 

The automatic calibration system includes the 

self-fabricated autocollimator, a mechanism to regulate 

the tilt angle and a self-developed measuring program 

to automatically perform the calibration procedure. 

Three piezo translators are installed on the fixed 

platform. The tilt angle x  can be regulated using Pty1 

and Pty2. Similarly x  can be controlled by PTx (Figures 

4 and 5). A plane mirror is mounted on the movable 

platform such that it can be tilted by various 

displacements of the three piezo transducers. The total 

volume of this module is less than 100 x 100 x 100 mm3. 

Previous experiments have shown that, during the test 

process, tilt angle errors will not exceed 0.2" [10].  

As shown in Figure 3, the self-developed 

autocollimator is calibrated using a commercial digital 

autocollimator (Equipment Solutions model AC424). 

Measurements made with the self-developed 

autocollimator and the compact autocollimator (DVD 

pick-up) were then compared. Following this procedure, 

the calibration data of the compact autocollimator can 

be obtained automatically and with the analysis of data 

fitting the corresponding linear function of the compact 

autocollimator can be finally determined.  

piezoelectric 
transducer

spring

mirror

Figure 3. Automatic calibration system with a commercial 

autocollimator. 

 

Figure 5. Relationship between piezo-transducers and tilt angles. 

Figure 7 diagrams the algorithm for comparing 

measurements between the reference standard and the 

calibrated autocollimator. In the measuring program, 

there are two types of measuring operations to be 

selected, one for the self-developed autocollimator 

calibrated with the commercial digital autocollimator 

(left side) and the other for the compact autocollimator 

(DVD-pick-up) compared with the self-developed 

autocollimator (right side) (see Figure 8).  

Given 20 measuring points and 10 measurands 

gained at each point, the entire measurement process 

takes less than five minutes, resulting in improved 

calibration efficiency. 

 

 

 

 

 
Figure 4. Illustration of angular control mechanism. 
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Figure 6. Automatic calibration system with the self-developed autocollimator. 
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Figure 7. Measurement comparison procedure. 

 

Figure 8. Measuring program interface. 

Results and Analysis 

As described above, the tilt angle of the mirror is 

automatically regulated by the angular control 

mechanism and the measuring program. The calibration 

experiments reveal that the measuring performance of 

the self-developed autocollimator is approximately linear 

with a maximal linearity error of less than 2 arcsec in the 

range of ± 100 arcsec (Figures 9 and 10). This indicates 

that the measurement results of the self-developed 

autocollimator are satisfactory and it can be used for 

secondary calibration.  

After the compact autocollimator (DVD pick-up) 

has been calibrated with the self-developed 

autocollimator, the function curve of the DVD pick-up is 

also linear (Figure 11), with the corresponding deviations 

of the linearity error shown in Figure 12. Experimental 

verification analyses indicate the standard deviation of 

yaw angle of the DVD pick-up is less than 1.5 arcsec and 

that of the pitch angle is less than 4.5 arcsec (2σ). These 

results indicate that the compact autocollimator can be 

used for precision angle measurements with 

measurement requirements below 5 arcsec, making it 

highly useful for applications characterized by online or 

minimal volume conditions.  

http://www.ausmt.org/
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Conclusion 

This paper proposes an automatic calibration 

system and related mechanisms for high precision angle 

measurement. The key findings are as follows:  

1. The robustness of the automatic calibration system 

is verified through a comparison of measurement 

results with precision compact autocollimators.  

2. Experimental testing indicates the standard 

deviation for the yaw angle of a DVD pick-up is less 

than 1.5 arcsec and that of the pitch angle is less 

than 4.5 arcsec (2σ). Thus the proposed system can 

provide measuring precision of less than 5 arcsec. 

3. The available measuring range of the proposed 

autocollimator is ±100 arcsec. 

The proposed calibration system provides a high 

degree of precision and efficiency for the rapid 

verification of ordinary compact autocollimators. Its 

performance has been also verified by means of 

measurement comparison with a compact 

autocollimator.  

 

Figure 9. Calibration of yaw angles. 

 
Figure 10. Calibration of pitch angles.  
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Figure 11. Deviation of yaw angle of the calibrated DVD pick-up. 
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Figure 12. Deviation of pitch angle of the calibrated DVD pick-up. 
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