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➢ To compare the performance of reconstructed depth maps with 

different methods, the root mean square error (RMSE) is applied 

to evaluate the reconstruction results, compute as:

➢ Result showed as follows indicated that the fusion images has 

better performance.

Experiments With Simulated Objects

➢ In the simulated experiment, the image sequences used for SFF were 

generated by defocus simulation.

➢ Some result of this experiment are showed as follows. From left to 

right: ground-truth, bright-field image, dark-field image, fused image.
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Shape-From-Focus

➢ Shape-from-focus (SFF) is used to reconstruct the surface of a three-

dimensional object by a monocular camera, the principle is as follows:

➢ SFF relies heavily on the texture information of the object's surface, in 

low-texture regions, the focus values calculated by the focus measure 

operator from each image are low and it is difficult to find its peak, so 

these regions will lead to low accuracy.

Conclusion

➢ The depth maps of several other objects are also reconstructed, 

the result show that a better performance is often obtained by 

using the fused image sequences.

➢ The results show that the method effectively solves the depth 

map reconstruction error caused by the missing texture and 

significantly improves the accuracy of depth map reconstruction.

Bright-field and dark-field image fusion

➢ Bright-field and dark-field images can provide different texture in 

microscopy. The purpose of images fusion is to combine the high 

frequencies components in two bright-field and dark-field images to 

obtain a new image that contains the best information of the original 

images.

➢ In this paper, wavelet transform has been used for image fusion. This 

method decompose the coefficients of two source images, then 

merges the coefficients by certain fusion rules, the fused image is 

obtained through the merged coefficients by wavelet inverse transform
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Experiments With Real Objects

➢ A Step Master was tested in this experiment, this Step Master is a 

gauge with three small increments in height. The reconstructed 

depth map is as follows, from left to right: bright-field images, dark-

field images, fused images.

➢ In order to verify the accuracy of the reconstructed depth map, 

Zeiss DuraMax coordinate measuring machine, whose measure-

ment error is 2.4μm, was used to measure the Step Master for 

comparison, result showed as follows.

Shape Methods RMSE(lower is better) Unreliable ratios(%)

Sphere
Bright-field 3.4412 3.94
Dark-field 2.5166 3.48

Fusion images 0.6230 0

Cone
Bright-field 9.8004 4.71
Dark-field 8.4386 4.87

Fusion images 3.9130 0.15

Plane
Bright-field 5.3284 3.73
Dark-field 1.7388 8.67

Fusion images 1.5188 0.87

Cos
Bright-field 9.3189 3.66
Dark-field 8.1323 3.79

Fusion images 4.0553 0

Objects Scenes
Measured 
by ZEISS

Measured by 
SFF

Difference
Unreliable 

rate(%)

Step_1

Bright-field

0.0235mm

0.0231mm 0.0004mm 1.17

Dark-field 0.0227mm 0.0008mm 0.68

Fused images 0.0231mm 0.0004mm 0.06

Step_2

Bright-field

0.0322mm

0.0317mm 0.0005mm 7.43

Dark-field 0.0332mm -0.0010mm 1.00

Fused images 0.0321mm 0.0001mm 0.28

Step_3

Bright-field

0.0531mm

0.0508mm 0.0023mm 8.73

Dark-field 0.0517mm 0.0014mm 4.42

Fused images 0.0512mm 0.0019mm 1.40


