
 Optica Applicata, Vol. LV, No. 1, 2025 
 

 

 

 
  

   
 

  
  

  
      

   
  

 

  

 
   

  
 

 
 

DOI: 10.37190/oa/200033 

Digital image correlation (DIC) based 
stereo matching method 
for binocular structured light system (BSLS) 

WENJIE LI1,2,*, BEIBEI WANG1, YUYUAN HUANG1, YANG HUANG1, WENBIN HUANG2, HAIJIAN WANG1 

1Guangxi Key Laboratory of Manufacturing System & Advanced Manufacturing Technology, 
School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, 
Guilin 541004, China 

2Engineering Research Center of Digital Imaging and Display, Ministry of Education, 
Soochow University, Suzhou 215006, China 

With the advantages of non-contact, quick and high accuracy, binocular stereo vision technology 
is popular in the fields of industrial inspection and measurement. To improve the result of stereo 
matching, phase consistency constrain based on the fringe projection profilometry (FPP) is per-
formed. The phase unwrapping is generally employed to avoid the phase ambiguity, which is 
unrobust or time consuming. Aiming at this problem, a digital image correlation (DIC) assisted 
phase consistency method is proposed to achieve stereo matching with high accuracy, only three 
fringe patterns and one digital speckle pattern are needed. Two-step strategy is performed to get 
the homonymy points. The epipolar constraint and DIC algorithm can get the matching with pixel 
level, and then the wrapping consistency constraint is used to get a sub-pixel matching. To improve 
the matching accuracy, the Hilbert transform is employed to compensate the phase nonlinear error. 
As to the regions with low modulation, the disparity refinement algorithm based on neighboring 
disparity constrain is performed. The experiment results show that the reconstruction accuracy of 
proposed method is comparative with the multi-step phase shift plus multi-frequency heterodyne 
method. 

Keywords: stereo matching, fringe projection profilometry, digital image correlation, Hilbert transfor-
mation. 

1. Introduction 

With advantages of high accuracy, high efficiency, and non-contact, binocular stereo 
vision technology is popular in the fields of industrial manufacturing, aerospace en-
gineering and medical diagnosis. To overcome the influence of weak texture, structured 
- light-based stereo vision technologies have been extensively studied and utilized [1]. 
Among them, fringe projection profilometry (FPP) can perform 3D shape  measure-
ment with high accuracy and resolution benefitting from the characteristic of high spa-
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tial resolution of sinusoidal phase encoding [2]. Compared to the Fourier transform 
profilometry (FTP) [3,4] in the FPP, the phase-shift profilometry (PSP) has been wide-
ly used in practical applications due to its greater robustness to phase noise induced 
by ambient illumination and surface reflectivity [5-8]. 

PSP generally uses N-step phase shift algorithm to compute the phase information 
ranging from –π to π, which is wrapped phase. To remove the phase ambiguity, phase 
unwrapping is performed to obtain a full-field continuous phase distribution generally. 
Phase unwrapping methods mainly classify as spatial-based phase unwrapping meth-
ods [9] and temporal-based phase unwrapping methods [10]. The spatial phase un-
wrapping methods remove the phase discontinuities by checking the phase values of 
nearby pixels, which can only produce a relative phase map and will fail for isolated 
or abrupt surfaces. In temporal phase unwrapping methods, represented by Gray-code 
-assisted methods [11] and multi-frequency methods [12-14], absolute phase maps for 
arbitrary scenes are obtained using temporal information, demonstrating great perfor-
mance. Nevertheless, these methods are constrained by the increased fringe patterns. 

In order to make accurate 3D shape measurements of arbitrary surfaces with fewer 
projection patterns, digital image correlation (DIC) assisted fringe projection methods 
have been developed [15-17], which can be classified as digital speckle-embedded fringe 
projection [18-20] and digital speckle-separated fringe projection [21-24]. The digital 
speckle embedded fringe projection method typically involves encoding speckle pat-
terns into the phase-shifted patterns to assist the absolute phase unwrapping [19,24] or 
stereo phase matching [21,22,25] using DIC technology, which can be minimum pro-
jection patterns. However, the crosstalk error between fringe images and speckle image 
will affect the reconstruction result. ZHANG et al. [26] generated the lookup table (LUT) 
between wrapped phase and height by embedding speckle image into the fringe patterns 
in the single camera-projector system. The height ambiguity was avoided theoretically 
combing the LUT and DIC, and only requires four speckle-embedded projection pat-
terns. However, this approach needs capturing multiple reference planes at different 
heights, limiting the measurement range. Additionally, embedding speckle patterns in 
the fringe patterns can impact the phase quality of the final 3D surface measurement. 
Compared to speckle-embedded fringe projection method, speckle-separated fringe 
projection method respectively projects the patterns of wrapping phase calculation and 
DIC calculation, which can avoid the information crosstalk errors. AN and ZHANG [27] 
designed single camera and projector-based reconstruction system combining the bi-
nary image with the phase shifting method. It requires only projecting one additional 
pattern and does not rely on prior knowledge of object depth and geometric variations. 
However, suffered from different sensor sizes between the projectors and cameras, it 
is necessary to crop and down sample (or up sample) images from the projector or cam-
era images before generating the disparity map, which is time consuming. Aiming at 
this problem, priori information strategy by projecting the binary random pattern to 
the reference plane was proposed in their next work [24]. The DIC calculation was op-
erated between the speckle images captured at reference plane and measured object 
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plane, respectively, and the resolution of two speckle images is consistency. However, 
the accuracy of phase unwrapping based on the virtual reverse camera model may be 
affected by the nonlinearity of epipolar constraint. GAI et al. [21] got the initial match-
ing based on the speckle DIC technique, and refined the initial matching using the 
wrapped phase information in the binocular stereo vision system. However, many can-
didate points are used to get the initial matching point in the DIC calculation, which 
is complex and time consuming. Combining three-step phase shifts with digital speckle 
patterns in the binocular system, FENG et al. [28] obtained the absolute phase unwrap-
ping map by employing trifocal tensor constraints to reject wrong candidate points, while 
the effectiveness might be affected by the phase jump and phase error. HU et al. [23] 
filtered the candidate points by re-projecting constrains, and get the disparity and ab-
solute phase maps. As the model between projector and camera is added, nonlinear 
errors of projector which will affect the reconstruction result. 

In this paper, a DIC-assisted FPP will be proposed in the binocular stereo vision 
system. Only four patterns are projected to get stereo matching. The Hilbert transform 
is operated to compensate the phase nonlinear error [29]. Epipolar constraint, wrapping 
phase consistency constrains and DIC constrain are performed to obtain the disparity 
map with sub-pixel. Both the theory and experiment have verified the feasibility and 
superiority of  proposed method. The remaining sections of this paper are as follows: 
Section 2 introduces the principle of the proposed method; Section 3 conducts exper-
iment to verify the effectiveness, reliability, and universality of the proposed method; 
and Section 4 summarizes the paper. 

2. Principle analysis 

The framework of proposed method is shown in Fig. 1. After image capture by left 
and right cameras, epipolar rectification is performed. Then the wrapping phases are 
gotten using fringe images I1–I3. Wrapping phase compensation algorithm based on 
the Hilbert transformation is carried out to reduce the nonlinear errors. Two steps strat-
egy is used to get the stereo matching with sub-pixel. The DIC calculation is used to 
get the coarse disparity map, and wrapping phase consistency constrains is used to get 
the sub-pixel disparity map. The candidate matching points of DIC calculation are ex-
tracted base on the wrapping phase consistency constrains. For the low modulation re-
gions, neighboring disparity detection is performed. At last, the point cloud of 
measured object is reconstructed combining the system calibration parameters. 

2.1. Wrapping phase calculation 

With the advantages of high robustness and accuracy, the phase shifting fringe algo-
rithm is adopted in this research. The minimum number of fringe patterns for success-
ful pixel-wise phase information retrieval in the phase shifting fringe analysis is three. 
The intensity of fringe images can be mathematically described as 
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Fig. 1. Flowchart of  proposed method. 

I1 x y =    + B x y  A x y    cos φx y  – 2π/3 
 
 
I2 x y =    + B x y  A x y    cos φ x y  (1) 
 
 
I3 x y =    + B x y  A x y    cos φx y  + 2π/3
 

where A(x, y) is the background intensity, B(x, y) is the modulation intensity, and (x, y) 
is the pixel coordinates. Wrapping phase value φ(x, y) can be calculated by 

 3 I1 x y – I3 x y    
  = arctan ------- ------ -- -- -- ------ ------ ------- ------ ----- ------- (2) φ x y -- -- -- -- -- -- -- -- -- -- 2 I2 x y – I1 x y – I      3 x y  

  
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Due to the arctangent function, the obtained phase value is wrapped within [−π, π]. 
With a discontinuity of  2nπ (n is a non-zero integer), it is impossible to obtain 
homonymous point pairs by phase consistency when stereo matching is performed. 
The assisted constrain is needed to remove the phase ambiguity. 

2.2. DIC-assisted stereo matching algorithm 

For the stereo matching, it is necessary to remove the phase ambiguity when the phase 
consistency constrain is used to get the homonymy points. Generally, phase unwrap-
ping technique is performed to remove phase ambiguity. However, the temporal phase 
unwrapping algorithm requires many projection patterns, while the spatial phase un-
wrapping algorithm is easily affected by the neighborhood phase involving the trans-
mission of phase errors. So a DIC-assisted stereo matching algorithm is proposed in 
this paper, only one additional speckle pattern is projected to realize the point-by-point 
registration of the left and right cameras, which has the advantages of fast, accurate 
and robustness. The specific scheme is: 

1) Epipolar rectification algorithm is used to ensure that the homonymous points 
is in the same line, and the time consuming of matching is reduced efficiently. 

2) Candidate points extraction of stereo matching. Point (x, y)  with a wrapping  
phase φL(x, y) at left image can get sets of points at right image according to the thresh-
old of  wrapping phase consistency, which is 0.5. 

3) Coarse disparity map generation. DIC algorithm is performed to all candidate 
points, and the period of matching point is confirmed according to the DIC scores. 

4) Coarse disparity map optimization. For the regions of low modulation, some 
strategies are carried out to correct the matching point. 

5) Fine disparity map generation. Based on the confirmed period and wrapping 
phase consistency, linear interpolation is chosen to get the matching with sub-pixel. 

2.2.1. DIC-algorithm-assisted coarse disparity map generation 

In this paper, DIC algorithm of  digital speckle image is used to confirm the period or 
fringe order of matching point, and remove the ambiguity when the wrapping phase 
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 Fig. 2. Candidate matching points extraction. 
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Fig. 3. DIC calculation of  candidate points. 

consistency is used as the matching condition. After the epipolar rectification, pixel pi 
L 

with phase value φ i 
L in the left wrapping phase map has the candidate points

R R RM =  p1  p2   pj   using the wrapping phase differences threshold, as shown 
in Fig. 2. A simple search strategy is proposed to obtain all candidate points by one 
traversal search. Each time when the absolute difference between left phase φ i 

L and 
Rright phase φ j is lower than the threshold, the algorithm starts to  locally track the 

L Rwrapped phase value with minimum abs φ i – φ j   and record its disparity. 
As shown in Fig. 3, DIC algorithm is used to confirm the matching point at the 

candidate points. To accelerate the calculation, variant of zero-mean normalized corre-
lation coefficient (VZNCC) is used to calculate the scores of candidate points. The ex-
pression is as follows: 

n n nR L Rn I L 
i I i –  I i 

  I i 
    i = 1 i = 1 i = 1

VZNCC = ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
n 2 n  

2 n 2 n  
2 

n  I i 
L – I i 

L n  I i 
R – I i 

R 
   

 i = 1 i = 1 i = 1 i = 1 

(3) 

where n is the size of correlation window. I i 
L and I i 

R are the intensity of the pixels in 
n L n Rthe correlation window of the left and right speckle images. I i , I i , i = 1 i = 1 

n L2 n R2 I i , and  I i can be obtained by the integral image technology, i = 1 i = 1 
which greatly reduces the computational cost. The initial coarse disparity map can be 

generated by performing the above calculation on each pixel of the left image. 

2.2.2. Coarse disparity map optimization 

As to the complex measured object, the judgment of period order based on the DIC tech-
nology does not work to the region with low modulation. It is necessary to optimize 
the initial disparity map. The flowchart is shown in Fig. 4. The modulation map based 
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Fig. 4. Flowchart of  disparity map optimization. 
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Fig. 5. Disparity map optimization. (a) Initial disparity map, (b) after removing the mismatched region, 
(c) partial enlarged detail, and (d) optimized disparity map. 

on the fringe images is used to confirm the abnormal points, and the candidate matching 
points are extracted according to the wrapping phase consistency constrains described 
in Section 2.2.1. The minimum disparity difference between the candidate matching 
points pi and nearest normal disparity point pi–1 is chosen as judging criteria of dis-
parity update for the abnormal point. After the disparity update to the region with low 
modulation, noise point extraction is also performed, and linear interpolation is oper-
ated to correct the disparity of noise points. Figure 5 presents the result of disparity 
map optimization, which is effective and necessary. 

2.2.3. Fine disparity map generation 

In order to obtain the stereo matching with sub-pixel level, the wrapping phase is used 
as the constrain condition. To improve the matching accuracy, the phase nonlinear er-
rors will be corrected by Hilbert transform at firstly. The phase errors at the spatial and 
Hilbert domains have the characteristic of same amplitude and opposite sign. So the 
mean of phases at the spatial and Hilbert domains is employed to compensate the phase 
nonlinear errors [29]. 
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Theoretically, the image intensity of N-step PSP can be expressed as 

I x y = A x  y + B x  y  cos φ x y +  δ , n = 1, 2, ..., N  (4)n n 

where A and B represent the background and modulation intensity, respectively, and 
φ represents the phase information modulated by the object, δ = 2π(n – 1) /N  is then 
phase shift. In practical applications, the inherent nonlinear intensity response of the 
projector-camera device introduces high order harmonics into the fundamental har-
monics of the fringe image, and the gamma distortion intensity can be expressed as 

  

I C 
n = α In

γ = B0 +  Bk cos k φ δ+  = B0 +  Bk cos kφn (5)n 

k = 1 k = 1 

where α represents the surface reflectivity of the object, B0 and Bk are the amplitudes of 
the DC component and the k-th harmonic component, respectively, φ represents then 
modulation phase, and γ is the gamma factor. Based on the least square algorithm (LSA), 
the modulation phase can be calculated as 

N– In sinδn n = 1
φ = arctan (6) 

N I cosδ  
n = 1 n n 

The LSA phase based on gamma distortion is expressed as 

–N I n 
C sinδn n = 1Cφ = arctan 

N CI cosδ  n = 1 n n 

cos kφ  sinδBk n n 
 –N 

 

 n = 1 k = 1  
= arctan --------------------------------------------------------------------------------------------- (7) 

N  cos kφ  sinδBk n n  n = 1  k = 1  

It can be deduced that the phase error model of  PSP system can be simplified as 

– sin NφGN – 1CΔφ = φ – φ = arctan (8)
1 + GN cos Nφ– 1 


s

where Gs can be expressed as Gs =  γ – i + 1 / γ + 1, the phase error model 
i = 2 

shows that the phase error is periodically distributed with respect to the phase φ. 
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The Hilbert transform (HT) of the phase shift image taken for the n-th time can be 
expressed as 

I H = H I  = –B sin φ δ  (9)    +n n n 

where H [ꞏ] denotes an operator of HT. Due to the gamma effect, the intensity after 
Hilbert transform also has higher harmonics, which can be expressed as 

HCI n = – sin kφ  (10)Bk nk = 1 

The LSA-based phase in the HT domain can be expressed as 

N I n 
H cosδn n = 1Hφ = arctan (11) 

N HI sinδ  
n = 1 n n 

The phase of  gamma distortion in HT domain is 

N HCI cosδ  
n = 1 n nHCφ = arctan 
N HC I n sinδn n = 1 

N  sin kφ cosδBk n n   n = 1  k = 1 
= arctan -----------------------------------------------------------------------------------------  (12) 

Bk sin kφ  sinδ n n N 
 

 n = 1 k = 1  

Similarly, the phase error model simplification of the PSP system in the HT domain 
can be derived as [29]: 

sin NφGN – 1H HCΔφ = φ – φ = arctan (13)
1 – GN cos Nφ– 1 

Equation (8) and Eq. (13) reveal that the phase error in the spatial and HT domain 
is a trigonometric function of  the phase φ. The period is T = 2π/N, and the maximum 
phase error can be expressed as 

 = Δφ = arcsin AΔ φ max GN – 1 
(14) H AΔ

H 
φ = Δφ = arcsin GN – 1max 
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In addition, it can also be deduced that 

  
  π GN sin N φ + ---- - – 1  N 

ΔφH = arctan ------------------------------------------------------------------------
T  

φ + ------ 2 1 – GN cos – 1 
 
 

 
 π  N φ + -------  N  

 

–G sin NφN – 1 
φ 

(15)= arctan = Δφ
1 + cos NφGN – 1 

It can be concluded that the characteristics of the periodic phase error distribution 
in these two domains are: (1) the same period T = 2π/N; (2) the same amplitude 
A = arcsin( |GN–1 | ); (3) the distribution is a half-period shift, as shown in Eq. (15),  
resulting in the opposite distribution trend. Therefore, the average phase φM = 
= (φC + φHC)/2 can be used as the corrected phase. Combining Eq. (8) and Eq. (13),  
the phase error of φM can be obtained as 

1 1
ΔφM = φM – φ = -----Δφ + ΔφH = -----arctan

2 2 

The maximum phase error of  the average phase is 

1 2ΔφM = -----arcsinGN  
max – 12 

GN 
2 sin 2Nφ– 1 (16)

1 – G2 
N cos 2Nφ– 1 

(17) 

The ratio of the maximum phase error after and before compensation is approximately: 

1 2-----GN – 1ΔφM GNmax 2 
rΔ φ = ---------------------------  ----------------------- = --------------–----1--- (18)

Δφ 2max GN – 1 

It can be seen that the maximum phase error is reduced to |GN  – 1 |/2 times after 
average processing. The specific steps of the proposed phase compensation method 
can be summarized as follows: 

1) HT operation is performed to the fringe images, and the images in the Hilbert 
domain are gotten. 

2) Wrapping phases calculation using the images at spatial and Hilbert domains, 
respectively. 

3) Averaging the wrapping phase maps above. 
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Fig. 6. Characteristics of phase error distribution. (a) The phase error with respect to phase, and (b) 
wrapped phase error correction. 

To illustrate these characteristics, we created some phase error curves in the two 
domains through Eq. (8) and (13) with the parameters of GN  –  1 = 0.4 and N = 3,  as  
demonstrated in Fig. 6(a). It is clearly shown that the above stated characteristics are 
correct, and the values of  phase error in the two domains are approximately identical 
in magnitude and opposite in sign. In practical measurements, the Hilbert transform is 
used to correct the phase error of the wrapping phase of the object, as shown in Fig. 6(b). 

After phase nonlinear error correction, the wrapping phase consistency is used 
for the fine matching with sub-pixel. As shown in Fig. 7, the wrapping phases of 
homonym points pL(ul, v) and pR(ur, v) are respectively φl (ul, v) and φr (ur, v). 
The linear interpolation algorithm is performed to get the sub-pixel coordinate. 

 φl ul  v – φ u  vr ru + ---------------------------------------------------------------- if   v  φ u  v r φl ul r rφ u + 1 v – φ u  v r r r r 
u = (19) 

 φ u  v – φl ul  vr r ur – -------------------------------------------------------------- if φl ul  v  φr ur  v φr ur  v – φr ur – 1 v 
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When the initial matching point is at the periodic edge, the phase difference of 
neighboring points may be large, as shown in Fig. 8. At this situation, the period cor-
rection is necessary. If φl(ul, v) >  φr (ur, v), search along right side will be operated. 
When point (ur, v) locates the maximum phase of a period, the phase of point (ur + 1,  v) 
will jump. So the phase of point (ur + 1,  v) should compensate 2π before the phase in-
terpolation, as shown in Fig. 8. Similarly, if φl(ul, v) <  φr (ur, v), search along left side 
will be operated. When point (ur, v) locates the minimum phase of a period, the phase 
of  point (ur – 1,  v) should reduce 2π before the phase interpolation. 

After refinement, the final refined disparity map with sub-pixel level can be ob-
tained. Finally, the point cloud data is obtained combining the system calibration pa-
rameters. 
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Fig. 8. Special case of  sub-pixel matching. 
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3. Experiment analysis and discussion 

To verify the feasibility of proposed method, a structured projection-assisted stereo vi-
sion system composed of two industrial cameras and one digital light projector (DLP) 
is designed, as shown in Fig. 9. The resolutions of cameras and DLP are 2592×1944 pix-
els and 912×1140 pixels, respectively. System calibration is operated to get the relation-
ship between two cameras. 

Left camera 

Plaster model 

Left image Right image 

Speckle pattern 

Calibration boardRight camera 

Projector 

    
   

    
 

  
  

   
 

 

 
    

   

  

 
 

--

Fig. 9. Experiment device. 

To verify the feasibility of the proposed method, three standard objects are chosen 
as the measured objects, including checkerboard calibration plate, step block and ce-
ramic ball. The reconstruction result of three frequencies heterodyne algorithm with 
12-step phase-shifting is chosen as the ideal result, and the reconstruction result of 
DIC-assisted matching algorithm with 3-step phase-shifting is chosen as compared 
group to verify the necessary of  phase nonlinear error compensation. 

Figure 10 shows the reconstruction result of the checkerboards. Plane fitting is 
operated based on the random sampling consensus (RANSAC) algorithm [30]. Flat-
ness F is defined as the root mean square error (RMSE) of point cloud to the fitted 
plane. The expression is: 

1 n 2F = ----- d i (20)
n  i = 1 

where di is the distance from the point cloud to the fitted plane, and n is the number 
of  point cloud. The flatness comparison using different methods is shown in Table 1. 
It implies that the proposed method can get a high accuracy result, and the phase non-
linear compensation is necessary when few fringe patterns are used to calculate the 
wrapping phase. 
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Fig. 10. Reconstruction of  checkerboard calibration plate. (a) Speckle image, and (b) 3D point cloud. 

T a b l e 1. Reconstruction result comparison of checkerboard. 

Experimental methods Flatness [mm] 

3-step phase shift and DIC-assisted matching 0.0512 

12-step phase shift and 3 frequencies 0.0271 

Proposed method 0.0281 

Figure 11 and Table 2 present the measurement results of step block. It also can 
be seen that proposed method reconstructed the step block efficiently. The measure-
ment results of step distances approach the multi-frequency with multi-step phase shift 
algorithm, while only four patterns are needed, which is quick and highly accurate. 

To verify the feasibility and high accuracy of proposed method, the reconstruction 
of the standard ceramic ball is performed. The information of the standard ceramic 
ball is as follows. Company: Nanchang Dingsheng Automation Technology Co., Ltd., 
type: DS-MCB-D38.1GZ, diameter: 38.0845 mm, and roundness: 0.0016 mm.  
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Fig. 11. Reconstruction result of  step block. (a) Speckle image, and (b) 3D point cloud. 
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T a b l e 2. Measurement result of  step block. 

Ideal value 
[mm] 

Measured distance [mm] 

12-step phase shift Proposed 
and 3-frequency method 

Absolute error [mm] 

12-step phase shift 
and 3-frequency 

Proposed 
method 

Step 1~2 2.0000 1.9846 1.9787 0.0154 0.0213 

Step 2~3 5.0000 5.0124 5.0147 0.0124 0.0147 

Step 3~4 5.0000 4.9715 4.9720 0.0285 0.0280 

Figure 12 and Table 3 show the measurement result comparisons of different meth-
ods. As presented in Fig. 12 (c), the measured profile of sphere surface is smooth using 
the proposed method, which is near the result of multi-step phase shift and multi-fre-
quency algorithm. The result in Table 3 also verified the feasibility and superiority of 
proposed method. In the measurement of diameter, the measurement error is 0.0089 mm 
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Fig. 12. Measurement results of ceramic ball. (a) Ceramic ball image, (b) 3D point cloud, and (c) 3D shape 
comparison of multi-frequency heterodyne method and proposed method. 
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T a b l e 3. Measurement result comparison of ceramic ball. 

Experimental methods Diameter [mm] Absolute deviation [mm] 

3-step phase shift and DIC-assisted matching 38.0405 0.044 

12-step phase shift and 3 frequencies 38.0756 –0.0089 

Proposed method 38.0934 0.0089 
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Fig. 13. Measurement comparison of complex object. (a) Digital speckle images and (b) fringe image 
from left and right cameras. The reconstruction results using (c) multi-step plus multi-frequency algorithm 
and (d) proposed method. (e) 3D deviation statistics of  two methods. 
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using the proposed method, which improves 79.7% compared with the three-step phase 
shift and multi-frequency method. 

Figure 13 presents the result comparison of complex objects with two isolated sur-
faces, using the multi-step phase shift plus multi-frequency heterodyne method and 
proposed method. The number of  point cloud is 1488840, and the distance deviation 
of two methods within 0.01 mm is 1371875, which is about 92.14%, which implies 
the feasibility of proposed method. The experiments above all show that the recon-
struction result of proposed method is comparative with the multi-step phase shift plus 
multi-frequency heterodyne method, while only four projection patterns are needed, 
which is feasible and superior. 

4. Conclusion and discussion 

In this paper, a DIC-assisted stereo matching method is proposed in the 3D measure-
ment. Only four projection patterns are needed to get the disparity map with sub-pixel 
level. Combining the epipolar constraint, wrapping phase consistency constrains and 
DIC constrain, the homonymy points are gotten by pixel-wise, which is robust. Dif-
ferent from traditional unwrapping phase consistency constrains, the wrapping phase 
is not unwrapped, which is time-saving. The Hilbert transformation is performed to 
improve the phase nonlinear error when few fringe patterns are used to get the wrapping 
phase. To the regions with low modulation, the strategy of neighboring disparity de-
tection is operated, and the period order is corrected. The experiment results show that 
the reconstruction results of proposed method are comparative with the multi-step 
phase shift plus multi-frequency heterodyne method, which is feasible and superior. 

In this paper, the DIC-assisted stereo matching method is to determine the fringe 
order K of each pixel-by-pixel DIC calculation, which is still relatively time-consum-
ing. And in the binocular system, there are still problems of missing and empty 
3D reconstruction point cloud data due to the difference in the field of view of the left 
and right cameras. Therefore, in the monocular system, using only a few candidate 
points to determine the fringe order of all pixels in each fringe period to reduce the 
computational cost will be our next interesting work. 
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