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Abstract:- Angle measurements are one of the main branches of production metrology. It includes 

measurements of angles in absolute values or deviations from specified reference angles. The angle 

comparators play important roles in the determination of small angles with high accuracy. 

Autocollimators are angle comparator type that can measure small angles with accuracy up to 0.05 arcs 

or better. Calibration of autocollimator becomes necessary demand not only for measurement of errors 

but also to ensure the traceability for other standards calibrated by them i.e. rotary tables, index tables, 

and angle blocks. In this paper, a proposed method based on laser interferometers is used for the 

calibration of a 0.05/±1000 arcs autocollimator system.  The calibration is carried out for the axes X 

and Y of the autocollimator successively since the laser interferometer can calibrate one axis each time. 

The obtained results are analyzed and compared with tolerances according to predetermined tolerances 

and relevant standards 
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1. Introduction 

Angle Measurements are considered a main branch in dimensional metrology. Angles can be generated 

in a wide range of measurements from a full circle of 360° of rotary tables and total stations down to 

fractions of arc seconds of Angle comparators. Autocollimators are angle comparators that can measure 

precisely the angular deviation with accuracy up  to 0.05 arcs or better. Autocollimators can be used in 

calibrations of angle instruments and small angular measurements in many scientific fields. 

Deflectometry measurements are a clear example of autocollimator applications [1–2]. Autocollimators 

are also used in the calibration of index tables, rotary tables, and rotary encoders with the aid of other 

optical elements [3–5]. Both rotary tables/encoders and index tables can be calibrated by using an 

autocollimator as an angle comparator with the aid of 12 faces reference polygon. The function of the 

autocollimator is to measure the angular differences between the table and polygon face at specified 

angle positions. By subtracting errors of the autocollimator and polygon from the measured errors, the 

angular errors of the table under calibration can be accurately determined. In addition to that, the 

polygons can be calibrated with experimental methods based on two or three autocollimators as in [4] 

and [5].  

Errors measurement of autocollimators through their calibration become a necessary demand. The 

autocollimators should be calibrated by using reference angle measuring instruments/standards that are 

traceable to the SI units [6]. There are many methods and experimental setups that can be used in the 

calibration of autocollimators [7]. Angle comparators (Rotary tables fitted with angle encoders), Small 

angle generators (SAGs), Angular interferometers, Optical wedges, and Reference autocollimators are 
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the most common calibration methods for autocollimators [8–11]. Angle comparators of calibrated and 

fully investigated rotary tables equipped with angle encoders are used to calibrate autocollimators. 

Small angle generators (SAGs) are used in the calibration of autocollimators. These generators may be 

constructed and scientifically operated based on a sine bar or tangent arm [12–13]. SAGs based on sine 

bars generate angles by making height differences between the two rollers of the bar. A reflecting mirror 

is fixed at one end of the bar facing the autocollimator. The height difference can be made by reference 

gauge blocks or micrometer heads. A height difference of several microns divided by the length between 

the two rollers of the sine bar (ranges from 0.1 m upto 1m) can generate easily very small angles in a 

fraction of arc seconds, Figure (1).  

 
Figure 1. Angle generation by SineBars.  

 

𝑺𝒊𝒏𝒆 (ɵ) =  
𝑯

𝑳
                             (𝟏) 

 

SAGs based on tangent arms generate small angles with the aid of angular interferometers. Two 

retroreflectors are fixed at the two ends of the arm from one side while a reflecting mirror is fixed at 

the middle of the opposite side of the arm. Through a special setup of laser interferometer system, two 

interferometer beams are reflected by the fixed retroreflectors on the arm. Any arm rotation will change 

the path difference in the interferometer beams and can generate angles in very small values down to 

0.001 arcs. Optical wedges can be used to generate small angles by using a precise rotating mechanism 

and arranging them in a suitable set-up. These wedges are usually called rotating wedge small angle 

generators. Traceable reference autocollimators are used with a suitable rotating/tilting mechanism in 

the calibration of low-accuracy autocollimators. A Rotary Table or piezo-driven tilting mechanism may 

be used when coupled with a suitable mirror and reference autocollimator. Most calibrations of 

autocollimators focus their efforts on error determinations of plane angles. However, some research 

works go toward the measurements of spatial angles [14–15].   

2. Objectives 

In this study, a proposed method is used to calibrate a 0.05 arcs autocollimator based on a laser 

interferometer of heterodyne 5529A type. Both reflecting mirror and retroreflector optic are sited 



 
Received: 06-07-2024         Revised: 15-08-2024 Accepted: 28-09-2024 

 

 1293 Volume 48 Issue 3 (October 2024) 

https://powertechjournal.com 

 

centrally back-to-back on the same rotary table. Each axis of the autocollimators is calibrated in a 

separate setup for both directions positive and negative.  The next section describes the measuring 

instrument, the autocollimator, and the measurement method. In section 3, the measurement results are 

presented. In section 4, the results are analyzed and discussed for different measurement modes. In 

section 5, the main conclusions are outlined. 
3. Methods 

In this work, a proposed method based on a laser interferometer system is used to calibrate an angle 

comparator (autocollimator system). Each axis of the autocollimator is calibrated in a separate setup 

one after one. The calibration is carried out for a range of ±1000 arcs with a rotation step of 100 arcs.  

 
3.1.  Laser Interferometer System    
A heterodyne He-Ne laser interferometer system of Agilent 5529A model type is used. Its working 

principle is based on the Michelson interferometer which consists of two mirrors, M1 and M2 arranged 

as shown in Figure (2) with a beamsplitter inclined at 45° to the mirrors. The output laser beam is split 

into two beams; one beam is a moving arm “measurement retroreflector” and the other is a fixed arm 

“reference retroreflector”. As the moving mirror moves, several fringes are constructed. By multiplying 

the number of the fringes (n) by half of the wavelength (λ) of the laser beam, the path difference between 

the two beams is calculated. This path difference represents the linear displacement (d) that the 

moveable arm is moved. This optical setup is used for linear measurements.  

𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 (𝑑) = 𝑛 ×
𝜆

2
           (2) 

 

Figure 2. Linear measurements by laser interferometer system.  

 

For the measurement of angle positioning, Figure 3, the angular optics creates two parallel beam paths 

between the Angular Interferometer and the Angular Reflector; one path’s frequency f1, and the second 

path’s frequency f2. The distance between the two paths is precisely known since the two reflectors are 

precisely positioned within the Angular Reflector. Initially, the angle between the Angular 

Interferometer and the Angular Reflector is assumed to be “0”, and the two paths between them have 
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some relative length. If either the Angular Interferometer or the Angular Reflector is rotated ΔƟ, the 

relative lengths of the two paths will change; this change will cause a Doppler-shifted frequency change 

in the beam that is returned from the Angular Interferometer to the laser head. The laser measurement 

system’s electronics hardware will calculate and display the angular change, using the new frequency 

count data and the spacing between the optical paths.    

 

 
 
 
 
 
 
 
 
 
 

Figure 3. Angular measurements by heterodyne He-Ne laser interferometer system. 

  

3.2.  Autocollimator System 

An autocollimator is an instrument that can measure optically small angular displacements, inclinations, 

and deviations with high precision. It can measure the angular displacements of a reflecting mirror or 

multi-faces optical polygon in two perpendicular axes in fractions of arc-second (arcs). A mirror in the 

optical path reflects beam back into autocollimator, Figure (4).  

 
 

 
 
 
 
 
 
 

Figure 4. Measurements by autocollimator system. 
 

The reflected beam generates the autocollimation image [16]. When the mirror is perpendicular to the 

optical axis, the beam is reflected into itself. When the mirror is tilted with an angle α, the incident angle 

of the beam on the mirror is ε = α. After reflection the beam enters the objective obliquely with an angle 

of α = 2ε. Depending on the angle of the ray bundle to the optical axis, the autocollimation image is 
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shifted from the centre. The shift of the autocollimation image from the centre in both x´ and y´ 

directions is a measure for the tilt of the mirror. Autocollimators that are calibrated to tilting angle show 

half the angle of the reflected beam to the optical axis on their reading and therefore directly the tilting 

angle α of the mirror. Under the assumption that the tilt occurs only in y´-direction, the angular reading 

Δθy on the reticle is equal to σ/2: 

α =
σ

2
= Δθy                  (3) 

The tilting angle can also be calculated directly from the shift of the reticle image Δy´:  

α =
σ

2
=

Δy´

2f´
                  (4) 

where; α is tilting angle of the mirror, σ is angle of the beam with respect to the optical axis of the 

autocollimator, Δy´ is shift of the reticle image, f´ is focal length of the autocollimator.  

In this study, an Elcomat 3000 autocollimator system autocollimator of 0.05 arcs resolution and ±1000 

arcs inclination range are calibrated.  

3.3.  Measurement Method  

The proposed method for calibration of autocollimators as illustrated in Figure (5), depends on the 

experimental setup “back-to-back” reflectors. Both the setups of the laser interferometer system and 

autocollimator are carried out for angular measurements mode. The retroreflector and reflecting mirror 

are fixed on a rotary table back-to-back while the laser and autocollimator heads are aligned as accurate 

as possible in the same line. As the table is rotated, the generated angle (Ɵ) is measured and detected 

by the two systems.  

 

 

 

 

 

 

 

 
Figure 5. Experimental setup for calibration of an autocollimator by a laser interferometer.  

 
The measured error (ϵ) is identified by; 

ϵ = Ɵ𝐴 − Ɵ𝐿                 (5) 

Where is measured angular error, Ɵ𝐴is measured angle by autocollimator, Ɵ𝐿measured angle by laser 

interferometer. The angular errors are measured in X and Y axes of the autocollimator. 
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In X axis; 

ϵ𝑥 = Ɵ𝐴,𝑥 − Ɵ𝐿                 (6) 

In Y axis; 

ϵ𝑦 = Ɵ𝐴,𝑦 − Ɵ𝐿                 (7) 

The calibration is carried out for an angle range of 1000 arcs clockwise and anticlockwise. The 

experiment is sited firstly for the X axis of the autocollimator and then the autocollimator is laterally 

tilted 90° to calibrate the Y axis of the autocollimator. 

4. Results 

4.1. Calibration of X axis 

The angular errors in the X axis of the autocollimator are measured in 10 runs of measurements, 5 runs 

in the clockwise direction, and 5 runs in the anti-clockwise direction Tables (1) and (2), Figure (6). The 

angular rotation in a clockwise direction acts as the positive direction of the X axis (+X). The angular 

rotation in the anti-clock direction acts as the negative direction of the X axis (-X).  

Table 1. Recorded angular errors (in arcs) in the +X axis (clockwise direction). 

Run Nr.  
1 2 3 4 5 

Average 

error, arcs 

Stdev, 

arcs Nominal angle, arcs 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

100 -0.02 0.05 -0.04 -0.07 -0.10 -0.02 0.05 

200 -0.06 0.17 0.11 -0.07 -0.10 0.04 0.12 

300 0.03 0.30 0.19 -0.23 -0.20 0.07 0.23 

400 0.08 0.42 0.35 0.40 0.40 0.31 0.16 

500 0.17 0.48 0.52 0.57 0.60 0.44 0.18 

600 0.25 0.62 0.61 0.50 0.50 0.50 0.17 

700 0.32 0.69 0.76 0.30 0.40 0.52 0.24 

800 0.25 0.84 1.01 0.23 0.20 0.58 0.40 

900 0.43 0.96 1.25 0.50 0.50 0.79 0.39 

1000 0.49 1.00 1.23 0.67 0.70 0.85 0.33 

Total error, arcs 0.55 1.00 1.29 0.90 0.90 0.94 0.30 

 
Table 2. Recorded angular errors (in arcs) in the -X axis (anti-clockwise direction). 

Run Nr.  
1 2 3 4 5 

Average 

error, arcs 

Stdev, 

arcs Nominal angle, arcs 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

-100 -0.09 -0.06 0.15 0.07 0.10 0.02 0.11 

-200 -0.18 -0.12 0.00 -0.07 -0.10 -0.09 0.08 

-300 -0.32 -0.26 -0.04 -0.20 -0.20 -0.21 0.12 

-400 -0.37 -0.19 -0.05 -0.17 -0.10 -0.20 0.13 

-500 -0.56 -0.30 -0.28 0.07 0.10 -0.27 0.26 

-600 -0.40 -0.23 -0.39 -0.37 -0.40 -0.35 0.08 

-700 -0.64 -0.33 -0.33 -0.53 -0.50 -0.46 0.15 

-800 -0.73 -0.32 -0.38 -0.60 -0.70 -0.51 0.19 

-900 -0.57 -0.31 -0.39 -0.87 -0.80 -0.53 0.25 

-1000 -0.57 -0.31 -0.41 -0.60 -0.60 -0.48 0.14 

Total error, arcs 0.73 0.33 0.57 0.93 0.90 0.64 0.26 
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Figure 6. Mean angular errors (in arcs) for the 10 runs in the X-axis. 

 

 

4.2. Calibration of Y axis 

The angular errors in the Y-axis of the autocollimator are measured in 10 runs of measurements, 5 runs 

in the clockwise direction, and 5 runs in the anti-clockwise direction Tables (3) and (4), Figure (7). The 

angular rotation in a clockwise direction acts as the negative direction of the Y axis (+Y). The angular 

rotation in the anti-clock direction acts as the positive direction of the Y axis (-Y).  

 

Table 3. Recorded angular errors (in arcs) in the +Y axis (clockwise direction). 

Run Nr.  
1 2 3 4 5 

Average 

error, arcs 

Stdev, 

arcs Nominal angle, arcs 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

-100 -0.06 -0.02 0.14 0.07 0.10 0.03 0.09 

-200 0.01 -0.22 -0.18 -0.30 -0.40 -0.17 0.13 

-300 0.30 -0.49 -0.35 -0.40 -0.50 -0.23 0.36 

-400 0.23 -0.65 -0.48 -0.43 -0.40 -0.33 0.39 

-500 0.26 -0.89 -0.63 -0.57 -0.50 -0.46 0.50 

-600 0.28 -0.93 -0.82 -0.60 -0.60 -0.52 0.55 

-700 0.27 -1.11 -1.01 -0.83 -0.90 -0.67 0.64 

-800 0.22 -1.39 -1.11 -0.87 -0.90 -0.78 0.71 

-900 0.05 -1.65 -1.12 -1.07 -1.10 -0.95 0.72 

-1000 0.03 -1.68 -1.37 -1.10 -1.10 -1.03 0.74 

Total error, arcs 0.36 1.68 1.51 1.17 1.20 1.18 0.58 
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Table 4. Recorded angular errors (in arcs) in the -Y axis (anti-clockwise direction). 

Run Nr.  
1 2 3 4 5 

Average 

error, arcs 

Stdev, 

arcs Nominal angle, arcs 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

100 -0.08 0.03 0.13 -0.57 -0.50 -0.12 0.31 

200 0.03 -0.31 0.19 -0.43 -0.40 -0.13 0.29 

300 -0.07 -0.38 0.29 0.10 0.10 -0.02 0.28 

400 0.08 -0.50 0.30 -0.07 0.00 -0.05 0.34 

500 0.26 -0.59 0.42 0.17 0.20 0.06 0.45 

600 0.26 -0.35 0.53 0.23 0.20 0.17 0.37 

700 0.19 -0.41 0.46 0.30 0.30 0.13 0.38 

800 0.32 -0.48 0.80 0.20 0.20 0.21 0.53 

900 0.30 -0.42 1.37 0.43 0.40 0.42 0.74 

1000 0.51 -0.49 2.07 0.40 0.40 0.62 1.06 

Total error, arcs 0.58 0.62 2.07 1.00 0.90 1.07 0.69 

 

 
Figure 7. Mean angular errors (in arcs) for the 10 runs in the Y-axis. 

 

5. Discussion 

The results for error measurements through the calibration of the autocollimator are evaluated in three 

ways. The errors are first compared with those obtained during the autocollimator calibration by the 

manufacturer. Then the errors are compared with the specified tolerances of the manufacturers and the 

standard DIN1319. Lastly, the related parameters of the angular positioning of the autocollimator i.e. 

mean positional deviation, systematic positional deviation, repeatability, and accuracy are identified 

and determined.  

 

 

-1.5
-1.4
-1.3
-1.2
-1.1
-1.0
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5

-1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700 800 900 1000

Mean of Angular Errors in Y axis

Nominal angle, arcs

E
rr

o
rs

, a
rc

s



 
Received: 06-07-2024         Revised: 15-08-2024 Accepted: 28-09-2024 

 

 1299 Volume 48 Issue 3 (October 2024) 

https://powertechjournal.com 

 

5.1. Errors vs manufacturer calibration 

The manufacturer calibrated the autocollimator by a special type of angle generator. A precision round 

table and a reference reflecting polygon are used in this calibration. The autocollimator is calibrated in 

the axes X and Y for a range of ± 1000 arcs. Figure (8) and Figure (9) show the measured errors in the 

X and Y axes for the calibration process. The resulting maximum error in the X axis are about 0.03 arcs 

while the errors in the Y axis are about 0.09 arcs. By comparing the errors in Figure (5) and Figure (7); 

the results of new calibration in the X axis show an agreement for a range of ± 200 arcs while the errors 

are propagated for the other range of upto 1000 arcs on both sides. For the Y axis, Figure (6) and Figure 

(8) a kind of consistency is existed for a range of ± 100 arcs and then the errors rise upto 0.6 arcs in +Y 

and 1.0 arcs in -Y. The interpretation for this error difference can be due to the annual drift for a long 

time of autocollimator usage. The manufacturer calibration happened 17 years ago before the delivery 

of the instrument. Supposing a drift of 0.025 per year, the error propagation can be imagined. The errors 

in the autocollimator due to the new calibration should be considered in each application and error 

compensation shall be performed   

 
Figure 8. Angular errors (in arcs) in the X-axis for the autocollimator calibration by the manufacturer.  

 

 
Figure 9. Angular errors (in arcs) in the Y-axis for the autocollimator calibration by the manufacturer.  

 

5.2.  Errors vs manufacturer tolerances 

The autocollimator performance is evaluated by comparing the measured errors of each arm with the 

specified tolerance determined by the manufacturer. The manufacturer determines these tolerances 
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based on the standard DIN 1319 as: 0.2" over any 20" range and 0.5" for 1000" range. Table (5) shows 

the status of the measured errors in the X and Y axes of the autocollimator. The measured errors in the 

X axis comply with tolerances for the range of ±1000 arcs at all angles except for 800, 900, and 1000 

arcs in the positive direction (+X), the errors do not comply. The measured errors in the Y axis comply 

with tolerances for the range of ±1000 arcs at all angles except for -700, -800, -900, and -1000 arcs in 

the negative direction (-Y) and for 1000 arcs in the positive direction (+Y), the errors do not comply. 

In general, the autocollimator's performance has an accepted quality for enough range in both X and Y 

axes which satisfy most measurement applications and can do its function in a good way. 

 

Table 5. Evaluation of the autocollimator performance 

Axis 
Nominal 

Angle, arcs 

Errors, 

arcs 

Status 
Axis 

Nominal 

Angle, arcs 

Errors, 

arcs 

Status 

X axis 

-100 0.02 Ok 

Y axis 

-100 0.03 Ok  

-200 -0.09 Ok -200 -0.17 Ok  

-300 -0.21 Ok -300 -0.23 Ok  

-400 -0.20 Ok -400 -0.33 Ok  

-500 -0.27 Ok -500 -0.46 Ok  

-600 -0.35 Ok -600 -0.52 Ok  

-700 -0.46 Ok -700 -0.67 No  

-800 -0.51 Ok -800 -0.78 No  

-900 -0.53 Ok -900 -0.95 No  

-1000 -0.48 Ok -1000 -1.03 No  

100 -0.02 Ok 100 -0.12 Ok  

200 0.04 Ok 200 -0.13 Ok  

300 0.07 Ok 300 -0.02 Ok  

400 0.31 Ok 400 -0.05 Ok  

500 0.44 Ok 500 0.06 Ok  

600 0.50 Ok 600 0.17 Ok  

700 0.52 Ok 700 0.13 Ok  

800 0.58 No  800 0.21 Ok  

900 0.79 No  900 0.42 Ok  

1000 0.85 No 1000 0.62 No  

 

 

5.3.  Determination of related parameters of the angular positioning  

The related parameters of the autocollimator angular positioning i.e. mean positional deviation, 

systematic positional deviation, repeatability, and accuracy are identified based on the standard ISO 

230-2 [17].  

 
These parameters are calculated according to; 

 

▪ Angular positional deviation [ϵ] is calculated as a result of subtracting the actual angular position value 

[Ɵ𝐴] by the target position value [Ɵ𝐿]. 

ϵ = Ɵ𝐴 − Ɵ𝐿                 (8) 
 

The calculation can be continued to obtain mean unidirectional (ϵ̅↑ and ϵ̅↓) or mean bidirectional ϵ̅𝑖 
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ϵ̅𝑖 ↑ =
1

𝑛
∑ ϵ𝑖𝑗

𝑛

𝑗=1

↑                       (9) 

ϵ̅𝑖 ↓ =
1

𝑛
∑ ϵ𝑖𝑗

𝑛

𝑗=1

↓                       (10) 

 

▪ Mean angular positional deviation on a position is an arithmetic mean of the mean unidirectional angular 

positional deviations xi↑ (clockwise direction) and xi↓ (anti-clockwise direction). It is obtained from 

position ϵ in the two measurement rotation directions. 

ϵ̅𝑖 =
ϵ̅𝑖↑+ϵ̅𝑖↓ 

2
                     (11)  

 

▪ Systematic angular positional deviation of an axis (E) is the difference between the algebraic maximum 

and minimum of the mean unidirectional positional deviations in an approach direction (clockwise ϵi ↑ or 

anti-clockwise ϵi ↓direction) at any position Ɵi along the axis. 
 

𝐸 = 𝑚𝑎𝑥. [ϵ̅𝑖 ↑; ϵ̅𝑖 ↓ ] − 𝑚𝑖𝑛. [ϵ̅𝑖 ↑; ϵ̅𝑖 ↓ ]           (12) 
 

▪ Repeatability (si): It is an estimator of the standard uncertainty of the angular positional deviations 

obtained by a series of n unidirectional methods on a position Ɵi. 
 

𝑆𝑖 = √[(
1

𝑛
− 1) ∑ (ϵ𝑖𝑗 − ϵ̅𝑖)2𝑛

𝑗=1 ]                                  (13)                       

 

▪ Accuracy (A): It is the derived range from the combination of the bidirectional system deviation and the 

bidirectional angular positioning axis repeatability estimator using a coverage factor 2. 
 

𝐴 = 𝑚𝑎𝑥. [ϵ𝑖 ↑ +2𝑆𝑖 ↑ ; ϵ𝑖 ↓ +2𝑆𝑖 ↓] − min[ϵ𝑖 ↑ +2𝑆𝑖 ↑ ; ϵ𝑖 ↓ +2𝑆𝑖 ↓]                      (14)   

 
Table (6) shows the determined values of the parameters of angular positioning in the X and Y axes 

respectively. The presented values for the related parameters conform with the allowable tolerances for 

the range 1000" specified by the manufacturer. This appears good metrological capability of the 

autocollimator to be used. 

 

Table 6. Statistics of the parameters of angular positioning errors in the X and Y axes (in microns). 

Parameters/axis 
Mean positional 

deviation 

Systemic positional 

deviation 
Repeatability Accuracy 

+X 0.41 0.35 0.23 0.4 

-X 0.31 0.12 0.15 0.06 

+Y 0.13 0.49 0.47 0.26 

-Y 0.51 0.28 0.48 0.21 

Allowable tolerances for 

a range of 1000" 
0.5 0.5 0.5 0.5 

Status Ok  Ok  Ok  Ok  

 

 

6. Conclusions 

This study presents a proposed method based on laser interferometers for the calibration of 

autocollimators. A 0.05"/1000" electronic autocollimator is calibrated for its two axes X and Y with 

rotating step 100". The measured errors by the new calibration are compared with those of the 



 
Received: 06-07-2024         Revised: 15-08-2024 Accepted: 28-09-2024 

 

 1302 Volume 48 Issue 3 (October 2024) 

https://powertechjournal.com 

 

manufacturer calibration. The results in the X axis show an agreement between the two calibrations for 

a range of ± 200 arcs while the errors are propagated for the other range of upto 1000 arcs on both sides. 

For the Y axis, a kind of consistency is existed for a range of ± 100 arcs and then the errors rise upto 

0.6 arcs in +Y and 1.0 arcs in -Y. The interpretation for this error difference can be due to the annual 

drift for a long time of autocollimator usage (17 years ago). The errors in the autocollimator due to the 

new calibration should be considered in each application. The autocollimator performance is evaluated 

by comparing the measured errors of each arm with the specified tolerance determined by the 

manufacturer and the standard DIN 1319. In general, the autocollimator's performance has accepted 

quality for enough range in both X and Y axes which satisfy most measurement applications and can 

do its function in a good way. The related parameters of the autocollimator angular positioning; mean 

positional deviation, systematic positional deviation, repeatability, and accuracy are identified. The 

presented values for the related parameters conform with the allowable tolerances for the range 1000" 

specified by the manufacturer. 

References 

[1] Ralf D. Geckeler et. al. “Self-calibration strategies for reducing systematic slope measurement errors of 

autocollimators in deflectometric profilometry”, J. Synchrotron Rad. 31, 670–680 (2024) 

https://doi.org/10.1107/S1600577524003552   

[2] Larichev, R.A.; Filatov, Y.V., “A Model of Angle Measurement Using an Autocollimator and Optical 

Polygon”, Photonics, 10, 1359 (2023) https://doi.org/10.3390/photonics10121359  

[3] S. Zahwi, M. Amer, M. A. Abdo and A. El-Melegy, “Calibration of Optical Rotary Tables using 

Autocollimators and Laser Interferometer Systems”, 10th IMEKO TC14 Symposium on Laser Metrology for 

Precision Measurement and Inspection in Industry Braunschweig, GERMANY, September 12-14 (2011). 

[4] Amaradasa, A. A., “Calibration of a polygon using three autocollimators”, (TH Eindhoven. Afd. 

Werktuigbouwkunde, Laboratorium voor mechanische technologie en werkplaatstechniek: WT rapporten; 

Vol. WT0274). (1971) Technische Hogeschool Eindhoven. 

[5] Hsieh, T.-H.; Lin, M.-X.; Yeh, K.-T.; Watanabe, T. Calibration of a Rotary Encoder and a Polygon Using a 

Two-Autocollimator Method. Appl. Sci. 2023, 13, 1865 (2023) https://doi.org/10.3390/app13031865  

[6] Mark N Kinnane et al, “A simple method for high-precision calibration of long-range errors in an angle 

encoder using an electronic nulling autocollimator”, Metrologia 52 244–250 (2015) doi:10.1088/0026-

1394/52/2/244  

[7] D Brucas and V Giniotis, “Calibration of precision polygon/autocollimator measurement system”, J. Phys.: 

Conf. Ser. 238 012014 (2010)doi:10.1088/1742-6596/238/1/012014  

[8] Ville Heikkinen et al, “Interferometric 2D small angle generator for autocollimator calibration Metrologia 54 

253 (2017) https://doi.org/10.1088/1681-7575/aa648d  

[9] EURAMET Calibration Guide No. 22, “Guidelines on the Calibration of Autocollimators”, V 1 (2017) ISBN 

978-3-942992-45-9 

[10] Yao Huang et al, “Comparison between Angle Interferometer and Angle Encoder during Calibration of 

Autocollimator”, Proc. of SPIE Vol. 9446 944624-1 (2016). 

[11] O. Novyanto et al, “An Approach Method to Calibrate the Autocollimator with Small Angle Measurement 

Range”, MAPAN-Journal of Metrology Society of India 31(1):9–15 (2016) DOI 10.1007/s12647-015-0153-1.  

[12] Gyula Hermann, “Calibration of an Autocollimator (method and uncertainty) 6th IEEE International 

Symposium on Applied Computational Intelligence and Informatics”, May 19–21, Timiúoara, Romania 

(2011) 

https://doi.org/10.1107/S1600577524003552
https://doi.org/10.3390/photonics10121359
https://doi.org/10.3390/app13031865
https://doi.org/10.1088/1681-7575/aa648d


 
Received: 06-07-2024         Revised: 15-08-2024 Accepted: 28-09-2024 

 

 1303 Volume 48 Issue 3 (October 2024) 

https://powertechjournal.com 

 

[13] C1C Kaylee Kostka, “Lever Angle Reduction System for Autocollimator Calibration”, United States Air 

Force Academy Colorado Springs, Colorado. SAND2015-5650C (2015). 

[14] Ralf D. Geckeler et al, “novel approach for extending autocollimator calibration from plane to spatial angles”, 

Adv. Opt. Techn.; 1(6): 427–439 (2012) DOI 10.1515/aot-2012-0048. 

[15] Ralf D Geckeler et al, “A comparison of traceable spatial angle autocollimator calibrations performed by PTB 

and VTT”, MIKES Metrologia 59 024002 (10pp) (2022) https://doi.org/10.1088/1681-7575/ac42b9  

[16] Examples for Applications of collimators, telescopes and autocollimators, https://moeller-wedel-

optical.com/en. Accessed 21.10.2024. 

[17] International Organization for Standardization. (2006). ISO 230-2 Test code for machine tools- Part 2: 

Determination of accuracy and repeatability of positioning numerically controlled axes (Third). 

 

 

 

https://doi.org/10.1088/1681-7575/ac42b9
https://moeller-wedel-optical.com/en
https://moeller-wedel-optical.com/en

