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1. Introduction 

With the rapid development of modern optical 

technology, aspheric optical elements have been widely 

used in aerospace, laser communication, astronomical ob-

servation, medical imaging and other fields their excellent 

optical performance [1, 2]. 

Compared with traditional spherical elements, 

non-spherical surface types can effectively correct a variety 

of aberrations, significantly improving the imaging quality 

and energy utilization of systems. However, the complexity 

of non-spherical curvature and the high-precision machin-

ing requirements make its surface shape detection a bottle-

neck problem that restricts its application [3,4]. 

Especially under the background of the booming 

development of precision manufacturing technology, the 

precision, efficiency and cost control of surface shape meas-

urement of small-aperture nonspherical elements are put 

forward with more stringent requirements due to their criti-

cal role in high-resolution imaging systems and photonics 

devices. 

At present, the main technical means of non-spher-

ical surface shape detection include contact contour meter 

[5], interferometric method [6], self-collimation projection 

detection [7]. Among them, contact measurement is easily 

affected by probe wear and has low efficiency; although in-

terferometry can achieve sub-nanometer, it is sensitive to 

environmental vibration and needs high-precision standard 

parts, so it is difficult to achieve full-aperture rapid detection 

of small-aperture non-heres; And the self-collimation pro-

jection technology based on machine vision has contactless 

advantages, but its measurement accuracy is often limited 

by the aberration of the optical system environmental dis-

turbances. Therefore, it is of great engineering value to de-

velop a high-precision, strong anti-interference and low-

cost small-aperture non-sp special detection device. 

In view of the above challenges, this research fo-

cuses on the structural design and precision optimization of 

small-caliber aspheric surface instruments. An innovative 

detection for small-caliber aspheric surface shape based on 

the theory of the closest circle is proposed, aiming to break 

through the limitations of traditional detection methods. The 

key points of this include: 1. In-depth analysis of the detec-

tion principle of aspheric surface shape based on the theory 

of the closest circle; 2. Overall structural design of small-

iber aspheric surface instrument; 3. Proposal of compensa-

tion scheme for geometric error of small-caliber aspheric 

surface instrument; 4. Construction of mathematical model 

for implementation of geometric error compensation of 

small-caliber aspheric surface instrument; 5. Implementa-

tion of comprehensive full compensation of geometric error 

of small-caliber aspheric surface instrument, and advanced 

nature of the research content is verified, providing theoret-

ical support and technical path for the independent research 

and development of domestic high-end optical detection 

equipment. 

2. Principle Analysis of Detection 

In the detection of aspheric elements, how to meas-

ure the deviation amount of the aspheric surface shape from 

the closest sphere and then compare its design value with 

the difference value closest to the sphere is an important 

content of aspheric detection [8]. 

2.1. Principle of detection 

In this study, a new principle for the detection of 

non-spherical surface profiles is conceived, as shown in Fig. 

1, where the OPiPmax is the theoretical contour line of the 

non-spherical element to be detected, the curve OPi′Pmax is 

the line of the nearest sphere of the-spherical surface to be 

detected, O′ is the center of the sphere of the nearest sphere, 

R is the radius of the nearest sphere, Pi is an arbitrary point 

on theoretical contour line of the non-spherical surface, and 

Pi′ is a point on the line O′Pi extended to the nearest point 

on the circle.  

The line closest to 

the arc

Non-spherical element 

profile

 

Fig. 1 Schematic diagram of detection principle 

If the circle is at O′ and the difference Pi′Pi between 

the non-spherical theoretical trajectory OPiPmax and the 

nearest circle OPi′Pmax is used as the measurement bench-

mark the non-spherical surface is rotated in real time to 

achieve real-time measurement of the difference between 
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the actual trajectory of the non-spherical surface and the 

nearest circle, comparing and checking the two data, then 

the surface profile error of the measured non-spherical sur-

face can be obtained, which is the basic principle of the near-

est circle method to achieve detection of non-spherical sur-

face profiles. 

2.2. Implementation of detection 

The characteristic of the spherical surface is that it 

has innumerable axes of symmetry and its contour is deter-

mined by the radius of the spherical surface; the non-sp sur-

face corresponding to the spherical surface refers to the sur-

face that only has one axis of rotational symmetry and the 

contour of the surface is determined by many parameters, 

and its curve equation is expressed Eq. (1): 

( )

2
4 6

2 2
...

1 1 1

cy
x Ay By

k c y
= + + +

+ − +
. (1) 

In Eq. (1), c is the non-spherical vertex radius of 

curvature; k is the quadratic curve constant; and A, B, … 

are the coefficients of the higher-order terms of the non-

spherical surface. If the size of the non-spherical surface is 

known, then its aperture D is. 

For the tested element, in order to detect its surface 

shape error, the equation of the curve should be known first, 

as shown in Eq. (1). Parameters c, k, A, B of the tested ele-

ment should be known, and the size of the caliber D of the 

tested element should be known. From the caliber D of 

tested element, the maximum value of the Y direction of the 

tested element can be determined: ymax=D/2, and ymax can be 

substituted into the non-sp curve Eq. (1) to calculate the cor-

responding xmax. 

In ΔPmax O′E, the Eq. (2) can be established: 

( )
2 2 2

max maxR x y R− + = . (2) 

Transforming Eq. (2) gives Eq. (3): 

( )2 2 2max max maxR y x x= + . (3) 

Substituting ymax and xmax into Eq. 3, the size of the 

nearest circle radius R of the tested component can be cal-

culated; 

According to the given non-spherical curve equa-

tion, the number of equal segments N can be obtained, and 

the size of the corresponding equal segment Y value can ob-

tained: y1, y2, y3, …, yi, then, after the equal value of Y is 

brought into the Eq. (1), corresponding equal value of X can 

be calculated: x1, x2, x3, …, xi, therefore, the coordinate val-

ues of the corresponding points P1, P2, P3, …, Pi on the sur-

face curve of the element to be measured can be known. 

It can be seen from the relationship of the straight 

line O′Pi and O′Pi′ in Fig. 1 that: 

i i iPP R O P = − . (4) 

In ΔPiFO′, the Eq. (5) can be rearranged as: 

( )
2

2

i ii p pO P R x y = − + . (5) 

From Eqs. (4) and (5), it can be derived that Eq. (6) 

is obtained: 

( )
2

2

i ii i p pPP R R x y = − − + . (6) 

The Pi′Pi is the deviation of the non-spherical sur-

face figure from the closest reference sphere. 

In ΔPiFO′, the Eq. (7) can be rearranged as: 

i

i

p

i

p

y
tan

R x
 =

−
. (7) 

Transformation of Eq. (7) gives Eq. (8): 

i

i

p

i

p

y
arctg

R x
 =

−
. (8) 

Substituting the calculated y1, y2, y3, …, yi and x1, 

x2, x3, …, xi into Eq. (8), the angle θi corresponding to the 

deviation Pi′Pi can be calculated. 

The obtained values of Pi′Pi and θi can be used as 

the theoretical basis for the detection of non-spherical sur-

face shapes by the nearest method, i.e., placing the vertex of 

the measured non-spherical curved surface at the endpoint 

of the nearest circle radius R, the probe of the laser displace-

ment sensor the vertex of the curved surface, and then mov-

ing the measured non-spherical surface left or right, the dif-

ference between the actual non-spherical curve and the near-

est circle can detected. Then, subtracting the obtained dif-

ference from the theoretical difference yields the true error 

value of the non-spherical curve.  

3. Design of the Model Structure 

Based on the theory of the nearest circle, the small-

diameter aspheric surface type detector was designed ac-

cording to the actual non-spherical aperture demand, shown 

in Fig. 2. The detector mainly includes: X-axis moving plat-

form, Y-axis moving platform, Z-axis moving platform, 

moving platform transition frame, torque assembly, rotating 

shaft, single diaphragm coupling, hub, moving platform 

connecting elbow plate, laser displacement sensor, sensor 

connecting elbow plate, bed body assembly, etc. 

The laser displacement sensor used in this detector 

is Keyence LK-H080 series, and its specific technical pa-

rameters are as follows: the resolution is 0.01 μm, the line-

arity is ±0.02% F.S., the measuring range is ±8 mm, and the 

working distance is 30 mm. This sensor has high frequency 

response (up to 100 kHz) and anti-environmental light inter-

ference capability, which is suitable for high-precision non-

contact contour measurement. 

Based on the above design, the principal model of 

the small-caliber non-spherical surface type detector was 

successfully developed. This model has completed the of the 

mechanical structure, the integration of the motion control 

system, and the installation of the laser displacement sensor, 

and has the basic functions of non-spherical surface type de-

tection, provides a physical platform for the subsequent er-

ror compensation and system verification experiments. 
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Fig. 2 Schematic diagram of the instrument mechanism 
structure 

4. Geometric Error Compensation Analysis 

Up to now, the error types affecting the detection 

accuracy of the detection instrument are generally consid-

ered to include the following: geometric error [9], thermal 

deformation error [10], force error [11], control system er-

ror, etc. [12]. Compared with other errors, the geometric er-

ror is the most important one affecting detection accuracy of 

the detection instrument. Therefore, it is an important link 

to effectively improve its detection accuracy to carry out ge-

ometric error analysis for the principle model. 

In this research, the motion axis geometric error is 

obtained in an incremental form, and the cumulative value 

is recorded and saved; the incremental error compensation 

model is established using the cumulative value, and its in-

put is the current position and moving distance of the motion 

axis, and the output is the error value corresponding to the 

moving distance of the section the obtained error value is 

used to implement the lookahead compensation for the mov-

ing command, so that the motion axis eliminates it before 

the error occurs. 

4. 1. Establish a database 

The measuring shaft is divided equally at any step 

length, and the error and cumulative value are detected in 

real time by using a laser interferometer, and the final node 

cumulative value is calculated by taking the average value 

of multiple measurements and saved, and its error database 

ε can be established, as shown in Table 2. 

Table 2 

The meaning of each parameter in the database 

No. Code Meaning 

1 λ+, λ- 

Equidistant step length from absolute zero 

point to positive and negative limits of the test 

shaft. 

2 Pn, P-n 
The theoretical position value of the positive 

and negative limits of the test shaft. 

3 Pi, P-i 
Theoretical position value between the posi-

tive and negative limits of the test shaft. 

4 
εn, εi, 

ε-i, ε-n 

The positional error values corresponding to 

the theoretical position values Pn, Pi, P-i , P-n . 
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4.2. Establish the compensation model 

The specific steps for establishing the compensa-

tion model are as follows: 

Using the two-point straight line method to estab-

lish an error approximation straight line between any adja-

cent node between the absolute zero point and the positive 

limit of the motion axis, equation is: 

1 1 1

1 1

i i i i i i

i i i i

P P
y x

P P P P

   + + +

+ +

−  − 
=  +

− −
. (10) 

Similarly, using the two-point straight line method 

to establish an error approximation straight line between any 

adjacent node between the absolute zero point of the motion 

axis and the limit, its equation is: 

1 1 1

1 1

i i i i i i

i i i i

P P
y x

P P P P

   − − − − − − − − −

− − − − − −

−  − 
=  +

− −
. (11) 

Depending on the distribution of the current posi-

tion Pa and the target position Pb when the motion command 

is issued by the host computer, the incremental error com-

pensation model can be into the following four cases: 

1. 0 ≤ Pa ≤ Pn , 0 ≤ Pb ≤ Pn  

Considering that the current position Pa and the tar-

get position Pb are both between the absolute zero and the 

positive limit of the motion axis, the starting position Pa and 

target position Pb are positioned between the node positions 

0-Pn in order of magnitude, assuming Pi ≤ Pa ≤Pi+1, 

Pj ≤ Pb ≤ Pj+1 (0 ≤ i, j ≤ n), and using the established node 

approximation equation between the absolute zero and the 

positive limit, the error values εa and εb corresponding to the 

positions Pa and Pb can be obtained, and the formula is as 

follows: 

( ) ( )
1 1

1

i a i i i a

a

i i

P P P P

P P

 


+ +

+

 − −  −
=

−
, (12) 

( ) ( )1 1

1

j b j j j b

b

j j

P P P P

P P

 


+ +

+

 − −  −
=

−
. (13) 

Then the error value ε′ corresponding to the seg-

ment move command L is: 

b a   = −  (14) 
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Substituting Eqs. (12) and (13) into Eq. (14) yields: 

( ) ( )

( ) ( )

1 1

1

1 1

1

j b j j j b

j j

i a i i i a

i i

P P P P

P P

P P P P

P P

 


 

+ +

+

+ +

+

 − −  −
 = −

−

 − −  −
−

−
. (15) 

2. 0 ≤ Pa ≤ Pn, P-n ≤ Pb ≤ 0  

In this case, where the present position Pa is con-

sidered to be between the absolute zero and the positive 

limit of the motion axis, and the target position Pb consid-

ered to be between the absolute zero and the negative limit 

of the motion axis, the starting position Pa is positioned be-

tween the node position 0-Pn and the target position Pb po-

sitioned between the node position P-n-0, assuming 

Pi ≤ Pa ≤ Pi+1, P-j-1 ≤ Pb ≤ P-j, the established node approxi-

mation equation between the absolute zero and the positive 

limit and the node approximation equation between the neg-

ative limit and the absolute zero, it is possible to obtain the 

error values εa and εb corresponding to the positions Pa and 

Pb, and the formula is as follows: 

( ) ( )1 1

1

i a i i ai
a

i i

P P P P

P P

 


+ +

+

 − −  −
=

−
, (16) 

( ) ( )1 1

1

- j b - j- - j- - j b

b

- j - j-

P P P P

P P

 


 − −  −
=

−
. (17) 

Then the corresponding error value of the segment 

move command L is: 

b a   = − . (18) 

Substituting Eqs. (16) and (17) into Eq. (18) gives: 

( ) ( )

( ) ( )

1 1

1

1 1

1

- j b - j- - j- - j b

- j - j-

i a i i i a

i i

P P P P

P P

P P P P

P P

 


 + +

+

 − −  −
 = −

−

 − −  −
−

−
. (19) 

3. P-n ≤ Pa ≤ 0, 0 ≤ Pb ≤ Pn  

In this case, where the present position Pa is con-

sidered to be between the absolute zero and negative limit 

of the motion axis, and the target position Pb is to be be-

tween the absolute zero and positive limit of the motion axis, 

the starting position Pa is positioned between the node posi-

tions P-n-0, and the target position Pb is between the node 

positions 0-Pn, assuming P-i-1 ≤ Pa ≤ P-i, Pj ≤ Pb ≤ Pj+1, using 

the established approximation equation between the abso-

lute zero and positive limit and the node approximation 

equation between the negative limit and absolute zero, it is 

possible to obtain the error values εa and εb corresponding to 

the positions Pa and Pb, and the formula is as follows: 

( ) ( )1 1

1

-i a -i- -i- -i a

a

-i -i-

P P P P

P P

 


 − −  −
=

−
, (20) 

( ) ( )1 1

1

j b j j j b

b

j j

P P P P

P P

 


+ +

+

 − −  −
=

−
. (21) 

Then the corresponding error value of the segment 

move command L is: 

b a   = − . (22) 

Substituting Eqs. (20) and (21) into Eq. (22) gives: 

( ) ( )

( ) ( )

1 1

1

1 1

1

j b j j j b

j j

-i a -i- -i- -i a

-i -i-

P P P P

P P

P P P P

P P

 


 

+ +

+

 − −  −
 = −

−

 − −  −
−

−
. (23) 

4. P-n ≤ Pa ≤0, P-n ≤ Pb ≤0  

In this case, where the current position Pa is be-

tween the absolute zero and negative limit of the motion 

axis, and the target position Pb is also between the zero and 

negative limit of the motion axis, both the start position Pa 

and the target position Pb are positioned between the node 

positions P-n-0, it is assumed that P-i-1 ≤ Pa ≤ P-i,  

P-j-1 ≤ Pb ≤ P-j, and the error values εa and εb corresponding 

to the positions Pa and Pb can be obtained using the estab-

lished node approximation equation between the negative 

limit and the absolute zero, and the formula is as follows: 

( ) ( )- - -1 - -1 -

- - -1

i a i i i a

a

i i

P P P P

P P

 


 − −  −
=

−
, (24) 

( ) ( )1 1

1

- j b - j- - j- - j b

b

- j - j-

P P P P

P P

 


 − −  −
=

−
. (25) 

Then the corresponding error value of the segment 

move command L is: 

b a   = − . (26) 

Substituting Eqs. (24) and (25) into Eq. (26) gives: 

( ) ( )

( ) ( )

1 1

1

1 1

1

- j b - j- - j- - j b

- j - j-

-i a -i- -i- -i a

-i -i-

P P P P

P P

P P P P

P P

 


 

 − −  −
 = −

−

 − −  −
−

−
. (27) 

Compensating the current position Pa with the er-

ror value ε′ obtained, the moving distance L and the target 

position Pb, the compensated moving command L″ be ob-

tained as shown in the formula (28), i.e. when the upper 

computer sends the moving command L″, the motion axis 

can move to the ideal target Pb, thus realizing the geometric 

error compensation. 

L L  = + . (28) 
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5. Experimental Analysis 

To verify the effectiveness of the proposed error 

compensation method, the experiment of detection and 

compensation of the motion axis geometric error was car-

ried out on the assembled small-di aspheric surface type 

measuring instrument. The error compensation experiments 

of the motion axes X, Y, Z and A are carried out separately 

according to the error compensation principle described 

above, as follows. 

5.1. Establish a database 

Set the equal partition step length λ+ and λ- for the 

establishment of the error database. In order to facilitate the 

measurement of the error and thus establish the error data-

base, the equal partition step length λ+ and λ- of the motion 

axis X are set to be equal and equal to 10 mm; the partition 

step length λ+ and λ- of the motion axis Y are set to be equal 

and equal to 10 mm; the equal partition step length λ+ and λ- 

of the motion axis Z are set to be equal and equal to 10 mm; 

the equal partition step length λ+ and λ- of the rotation A are 

set to be equal and equal to 1°.  

In order to accurately describe the size and trend of 

the error of the motion axis X, Y, Z and A, the number of 

times N is selected to be equal to 5. Through 5 times of 

measurement, the average value is taken respectively to es-

tablish the final translation axis X Y, Z and A error database, 

so as to realize the incremental compensation of the error. 

5.2. Establish the compensation model 

The error of the motion axes X, Y, Z and A ob-

tained above is applied, and the error compensation model 

between the nodes corresponding to the motion axes X Y, Z 

and A is established respectively, and the modeling result of 

the error compensation of the motion axis X is shown in the 

eq. (29). Here, only the axis X is used as an example to in-

troduce, and the Y axis, Z axis and A axis are basically the 

same as the X axis. 

 
 
 
 
 
 

0 9573 1 0227 20 30

0 0822 16 4787 10 20

0 2364 14 9373 0 10

0 8404 14 9373 10 0

0 0278 6 8110 20 10

0 0862 7 9790 30 20

y . x . ,

y . x . ,

y . x . ,

y . x . ,

y . x . ,

y . x . ,

 = − +


= − −
 = − −


= − − −
 = − − − −


= − − − −

. (29) 

5.3. Compensation analysis 

The error compensation of the motion axes X, Y, 

Z and A is carried out by applying the error compensation 

theory studied in the previous text, and the actual data of the 

error before and after compensation can be obtained, and the 

error relationship curves before and after compensation of 

the motion axes X, Y, Z and A are drawn, as in Fig. 3, Fig. 

4, Fig. 5, Fig. 6. 

It can be seen from the error curve analysis before 

and after the motion axis compensation of Fig. 3, Fig. 4, Fig. 

5, and Fig. 6:  

1. The error compensation research carried out for 

the motion axes X, Y, Z and A can effectively reduce the 

motion error of the motion axis;  

2. Although there are some compensation nodes in 

the error compensation curve where the compensation effect 

is slightly large, the overall error compensation effect is 

very ideal, and the error of the compensated axis fluctuates 

near the zero line;  

3. During the process of building the error compen-

sation model, if the set equal division step length is smaller, 

the overall error effect will be more accurate. 

The error compensation model established by this 

study has been integrated into the detector control system, 

and the positioning accuracy of the detector in the actual 

non-spherical has been effectively improved by real-time  
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Fig. 3 Comparison of errors before and after X-axis com-

pensation 
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Fig. 4 Comparison of errors before and after Y-axis com-

pensation 
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Fig. 5 Comparison of errors before and after Z-axis com-

pensation 
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Fig. 6 Error comparison chart before and after compensa-

tion of A-axis 

look-ahead compensation of the motion command. Subse-

quent system measurement results show that the compen-

sated detector has the ability of sub-micrometer shape de-

tection. 

5.4. System measurement experiments verification 

To verify the measurement capability of this detec-

tor for actual small-aperture non-spherical elements, a non-

spherical mirror with an aperture of Φ10 mm, a vertex cur-

vature radius R = 20, and a secondary curve constant  

k = -0.8 was as the object to be measured. The designed sur-

face shape value of this element is known, and it has been 

calibrated by a Zygo interferometer (Verifire™ MST, and 

its surface shape error peak PV ≤ 0.1 μm. 

The calibrated non-spherical mirror is installed on 

the rotating shaft of the detector, and laser displacement sen-

sor is adjusted to aim at the vertex of the element. According 

to the steps described in Section 2.2, N = 100 points are 

equally divided the Y direction, and the actual contour and 

the deviation value from the nearest circle are collected 

point by point, and converted into surface shape height data. 

In order to quantify the accuracy, the detector’s 

measurement results are compared with those of the Zygo 

interferometer, and the root mean square (RMS) of the sur-

face shape error is calculated be 0.015, and the peak (PV) is 

0.08 μm. Repeated measurements 5 times, the standard de-

viation of the RMS the surface shape obtained is 0.018 μm, 

indicating that the detector has good repeatability. 

The above experimental results show that this de-

tector can achieve high- measurement of the surface shape 

of small-aperture non-spherical elements, and its measure-

ment results agree well with the interferometric measure-

ment values, which verifies the effectiveness the proposed 

detection principle and error compensation method. 

6. Conclusions  

1. The structural design research of a new type of 

aspheric surface profile measuring instrument was carried 

out, the aspheric surface profile measuring based on the 

nearest circle method was analyzed, the comprehensive 

analysis of the error source of the aspheric surface profile 

measuring instrument was completed, and the spatial com-

prehensive error model of the asp surface profile measuring 

instrument was established based on the multi-body system 

kinematics theory and the principle of homogeneous coor-

dinate transformation.  

2. The error testing technology analysis of the as-

pheric profile measuring instrument was carried out, the 

spatial geometric error detection of the moving axis of the 

aspheric surface profile measuring instrument was carried 

out by using the laser interferometer, the error implementa-

tion scheme of the aspheric surface profile measuring instru-

ment was proposed, the error compensation model was es-

tablished, and the effectiveness of this research content was 

verified by experiments, which effectively improved the 

profile detection accuracy of the aspheric surface.  

3. Aiming at the problems of insufficient accuracy 

and other issues in traditional detection technology, this re-

search proposes an opto-mechatronics solution based on the 

nearest-circle method. The results of systematic measure-

ment experiments show that the surface shape error RMS of 

the measuring instrument is 0.015 μm the PV value is 

0.08 μm, and the repeatability standard deviation is 

0.018 μm. It has good engineering application prospects. 

The results provide theoretical support and technical paths 

for the independent research and development of domestic 

high-end optical detection equipment, and can effectively 

promote the large-scale application of aspheric elements 

consumer electronics, autonomous driving and other fields. 

It has certain engineering significance for enhancing the 

competitiveness of China's optical manufacturing. 
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Y. Li, Y. Hu, B. Yu 

THE STRUCTURE DESIGN AND PRECISION 

IMPROVEMENT OF SMALL CALIBER NON-

SPHERICAL SURFACE TYPE DETECTOR 

S u m m a r y 

Aspherical optical elements have significant ad-

vantages over traditional spherical elements, and have be-

come the core technology for high-resolution imaging, in-

telligent devices, and precision instrument upgrades through 

optical performance, simplifying system structure, and re-

ducing manufacturing costs. It has gradually promoted the 

development of optical systems towards high performance, 

lightweight, and high quality. However, the rapid develop-

ment of aspheric optical elements is limited by the detection 

technology of aspheric surface profile. In order to solve the 

problems of detection principle error, low detection effi-

ciency, expensive detection instruments and poor general 

performance in the current non-spherical optical elements 

shape detection technology, a new principle of non-spheri-

cal surface shape detection is proposed based on the theory 

of the closest circle, and the detection numerical model of 

non-spherical is constructed. At the same time, based on 

this, the overall structure design of small aperture non-

spherical surface shape detection instrument is carried out, 

and the specific steps of detection instrument to implement 

small aperture non-spherical surface shape detection are an-

alyzed. In order to further improve the detection accuracy of 

the small-caliber non-spherical surface profile detector, the 

detection technology of the geometric error of the is studied. 

The spatial geometric error detection of the moving axis of 

the small-caliber non-spherical surface profile detector is 

carried out by using the laser interferometer, and the com-

pensation scheme of the small-caliber non-spherical surface 

profile detector is proposed through the analysis of the error 

compensation logic. In addition, the mathematical model of 

geometric error is established. The correctness of the re-

search content is effectively verified by carrying out the ge-

ometric error compensation experiment on the moving axis 

of the small-caliber non-spherical surface profile, and the 

research on the accuracy improvement of the small-caliber 

non-spherical surface profile detector is completed. 

Keywords: small-caliber aspheric, surface shape detection, 

precision improvement, error compensation. 
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