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A Comparative Study on 3-Dimensional Registration
by Evolutionary Computation
and Its Application to Entire Shape Reconstruction
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Abstract: This paper proposes an entire shape reconstruction method which does not require an initial
position adjusted by hand. Entire shape reconstruction contains its peculiar difficulties: Even just one error
of pairwise registration causes a failure of an entire shape reconstruction. Even when no failures occur during
all of the pair-wise registration, the last and first shape objects cannot be precisely matched due to accumu-
lated errors. The proposed method uses Self-Adaptive Differential Evolution (jJDE) which does not require
parameter tuning and shows good search performance for pair-wise registration. In addition, considering
conditions of entire shape reconstruction, the proposed method reduces a range of variables for rotation,
which allows to prevent premature convergence to local optima, and corrects one of pair-wise registration
errors. Experimental results showed that jDE showed better, more robust search performance than other
evolutionary computation algorithms, and that the proposed method could reconstruct the entire shape from
actually measured depth images captured by a projector-camera system.

Keywords: three dimensional entire shape reconstruction, three dimensional registration, evolutionary com-
putation, self-adaptive differential evolution, projector-camera system
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Pi-P;

Ps-P;

Ps-P,

Py-Ps

Ps5-Ps

Ps-P;

Pr-Pg

Ps-Py

Po-P;

average

ICP best
mean

suc.

2.70E-1
5.46E-1
0/30

1.99E-1
5.15E-1
0/30

1.80E-1
6.20E-1
0/30

3.98E-1
6.04E-1
0/30

3.64E-1
6.01E-1
0/30

3.67E-1
5.82E-1
0/30

2.85E-1
5.77E-1
0/30

3.73E-1
5.86E-1
0/30

3.52E-1
5.82E-1
0/30

3.10E-1
5.79E-1
0/270

GA best
mean

suc.

2.99E-3
2.55E-1
12/30

2.96E-3
2.69E-1
9/30

2.21E-3
2.41F-1
12/30

3.03E-3
2.66E-1
15/30

2.65E-3
2.37E-1
16/30

3.09E-3
2.95E-1
14/30

2.86E-3
1.86E-1
13/30

2.52E-3
2.46E-1
13/30

2.44E-3
1.48F-1
14/30

2.75E-3
2.38E-1
118/270

PSO best
mean

suc.

4.11E-3
4.16E-2
2/30

5.66E-3
5.08E-2
2/30

2.58E-3
7.35E-2
3/30

1.13E-2
6.14E-2
0/30

2.91E-3
5.59E-2
1/30

3.02E-3
6.66E-2
4/30

3.90E-3
1.25E-1
2/30

6.17E-3
3.93E-2
1/30

3.35E-3
8.63E-2
2/30

4.78E-3
6.68F-2
17/270

CMA best
-ES mean

suc.

3.11E-3
1.55E-1
19/30

2.78E-3
2.26B-1
16/30

2.50E-3
1.73E-1
17/30

3.78E-3
1.72E-1
19/30

2.76E-3
1.61E-1
19/30

3.24E-3
2.11E-1
18/30

3.00E-3
2.74F-1
8/30

2.62E-3
1.63E-1
19/30

3.04E-3
2.14E-1
15/30

2.98E-3
1.94E-1
150/270

DE best
mean

suc.

3.22E-3
4.26E-2
28/30

2.91E-3
3.56E-1
13/30

2.48E-3
1.47E-1
22/30

3.93E-3
9.37E-2
25/30

2.72E-3
6.59E-2
27/30

3.24E-3
7.67E-2
26/30

3.06E-3
1.33E-1
20/30

2.59E-3
3.14E-1
14/30

2.77E-3
7.47E-2
25/30

2.99E-3
1.45E-1
200/270

JDE best
mean

suc.

3.09E-3
9.44E-2
25/30

2.78E-3
1.49E-1
23/30

2.47E-3
6.46E-2
27/30

3.80E-3
2.53E-2
29/30

2.76E-3
1.10E-1
25/30

3.25E-3
1.75E-2
29/30

2.84E-3
1.18E-1
24/30

2.65E-3
2.40E-1
18/30

3.62E-3
6.89E-2
27/30

3.03E-3
9.88E-2
227/270

jDE2 best
mean

suc.

3.04E-03
3.24E-03
30/30

2.81E-03
3.05E-03
30/30

2.48E-03
2.50E-03
30/30

3.93E-03
4.09E-03
30/30

2.75E-03
2.76E-03
30/30

3.21E-03
3.39E-03
30/30

3.08E-03
3.28E-03
30/30

2.65E-03
2.75E-03
30/30

2.82E-03
4.17E-03
30/30

2.97E-03
3.25E-03
270/270
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Pi-P>

P»-P3

P3-Py

Py-Ps

P5-Ps

Ps-Pr

Pr-Pg

P3-Py

Py-Py

average

ICP best
mean

suc.

1.58E-1
9.81E-1
0/30

3.69E-1
1.04E0
0/30

8.17E-1
1.06E0
0/30

5.73E-1
9.73E-1
0/30

3.08E-1
9.18E-1
0/30

6.82E-1
1.10E0
0/30

7.61E-1
1.14E0
0/30

3.86E-1
1.04E0
0/30

8.12E-1
1.09E0
0/30

5.41E-1
1.04E0
0/270

GA best
mean

suc.

8.80E-3
L11E-1
1/30

1.09E-2
L71E-1
0/30

1.22E-2
1.62E-1
0/30

6.30E-3
1.34E-1
3/30

7.06E-3
8.87E-2
2/30

6.85E-3
1.23E-1
2/30

6.10E-3
1.33E-1
4/30

5.18E-3
1.37E-1
4/30

6.65E-3
9.81E-2
4/30

7.78E-3
1.29E-1
20/270

PSO best
mean

suc.

1.46E-2
9.64E-2
0/30

2.00E-2
1.33E-1
0/30

1.60E-2
1.13E-1
0/30

1.83E-2
7.62E-2
0/30

7.02E-3
6.15E-2
1/30

1.40E-2
7.85E-2
0/30

1.62E-2
8.12E-2
0/30

1.92E-2
6.62E-2
0/30

3.34E-3
6.48E-2
1/30

1.43E-2
8.56E-2
2/270

CMA best
-ES mean

suc.

2.24E-3
8.27E-2
20/30

2.48E-3
1.07E-1
21/30

2.10E-3
1.07E-1
17/30

1.93E-3
1.09E-1
18/30

2.19E-3
7.69F-2
22/30

2.28E-3
1.43E-1
14/30

2.15E-3
1.95E-1
2/30

2.35E-3
1.43E-1
7/30

2.24E-3
9.38E-2
20/30

2.22F-3
117E-1
141/270

DE best
mean

suc.

2.35E-3
1.26E-1
20/30

2.49E-3
2.09E-1
14/30

2.13E-3
2.24E-1
5/30

2.02E-3
1.12E-1
20/30

2.66E-3
3.74E-2
27/30

2.51E-3
1.46B-1
13/30

2.14E-3
2.52E-1
3/30

2.48E-3
8.08E-2
15/30

2.22E-3
7.71E-2
23/30

2.33E-3
1.40E-1
140/270

jDE best
mean

suc.

2.17E-3
6.99E-2
24/30

2.48E-3
1.24E-1
20/30

2.07E-3
1.05E-1
17/30

1.99E-3
9.37E-2
22/30

2.57E-3
4.53E-2
26/30

2.49E-3
8.73E-2
21/30

2.02E-3
2.17E-1
5/30

2.70E-3
1.09E-1
12/30

2.34E-3
5.51E-2
25/30

2.31E-3
1.01E-1
172/270

JDE2 best
mean

suc.

2.35E-03
2.43E-03
30/30

2.49E-03
2.58E-03
30/30

2.20E-03
2.40E-03
30/30

2.01E-03
2.15E-03
30/30

2.66E-03
2.83E-03
30/30

2.51E-03
2.52E-03
30/30

2.13E-03
2.15E-03
30/30

2.68E-03
2.77E-03
30/30

1.96E-03
2.20E-03
30/30

2.33E-03
2.45E-03
270/270
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Pi-P;

Ps-P;

Ps-P,

Py-Ps

Ps5-Ps

Ps-P;

Pr-Pg

Ps-Py

Po-P;

average

ICP best
mean

suc.

3.61E-1
9.66E-1
0/30

7.15E-1
9.72E-1
0/30

2.92E-1
1.04E0
0/30

7.89E-1
1.07E0
0/30

3.34E-1
9.82E-1
0/30

2.97E-1
8.90E-1
0/30

7.08E-1
1.07E0
0/30

4.32E-1
1.04E0
0/30

3.74E-1
1.04E0
0/30

4.78E-1
1.01E0
0/270

GA best
mean

suc.

9.01E-3
1.20E-1
1/30

7.77E-3
1.03E-1
2/30

3.47E-3
1.32E-1
3/30

6.85E-3
1.14E-1
3/30

417E-3
6.37E-2
3/30

9.41E-3
1.16E-1
2/30

6.46E-3
1.19E-1
5/30

4.24E-3
1.34E-1
4/30

8.30E-3
1.28E-1
4/30

6.63E-3
1.14E-1
27/270

PSO best
mean

suc.

6.49E-3
9.18E-2
1/30

5.13E-3
9.16E-2
1/30

2.19E-2
7.33E-2
0/30

2.05E-2
8.07E-2
0/30

2.78E-2
1.02E-1
0/30

9.06E-3
8.22F-2
1/30

6.36E-3
1.00E-1
1/30

5.60E-3
7.65E-2
1/30

1.67E-2
8.32E-2
0/30

1.33E-2
8.68E-2
5/270

CMA best
-ES mean

suc.

1.66E-3
1.07E-1
19/30

1.39E-3
1.43E-1
14/30

9.81E-4
1.33E-1
16/30

1.45E-3
8.90E-2
20/30

1.63E-3
7.34E-2
23/30

1.53E-3
1.26E-1
14/30

1.30E-3
1.59E-1
12/30

1.77E-3
1.06E-1
20/30

1.57E-3
8.26E-2
22/30

1.48E-3
1.13E-1
160/270

DE best
mean

suc.

1.65E-3
6.72E-2
24/30

1.39E-3
1.24E-1
19/30

1.00E-3
8.28E-2
22/30

1.43E-3
8.57E-2
21/30

1.58E-3
9.26E-2
21/30

1.56E-3
7.60E-2
22/30

1.30E-3
1.77E-1
10/30

1.83E-3
4.32E-2
26/30

1.39E-3
7.62E-2
21/30

1.46E-3
9.16E-2
186,/270

JDE best
mean

suc.

1.64E-3
5.18E-2
25/30

1.38E-3
8.81E-2
23/30

8.53E-4
3.31E-2
27/30

1.41E-3
8.81E-3
29/30

1.63E-3
4.14E-2
26/30

1.48E-3
5.02E-2
25/30

1.36E-3
1.21E-1
13/30

1.82E-3
5.61E-2
25/30

1.46E-3
2.15E-2
28/30

1.45E-3
5.25E-2
221/270

jDE2 best
mean

suc.

1.64E-03
1.68E-03
30/30

1.40E-03
1.42E-03
30/30

1.25E-03
1.26E-03
30/30

1.43E-03
1.45E-03
30/30

1.65E-03
1.69E-03
30/30

1.56E-03
1.57E-03
30/30

1.29E-03
1.65E-03
30/30

1.82E-03
2.31E-03
30/30

1.38E-03
1.42E-03
30/30

1.49E-03
1.61E-03
270/270

06 V,00000000000000000RMSEQ

Pi-P>

P»-P3

P3-Py

Py-Ps

P5-Ps

Ps-Pr

Pr-Pg

P3-Py

Py-Py

average

ICP best
mean

suc.

2.05E-1
4.66E-1
0/30

3.12E-1
5.80E-1
0/30

2.36E-1
5.61E-1
0/30

3.20E-1
7A45E-1
0/30

2.85E-1
6.74E-1
0/30

3.27E-1
9.44E-1
0/30

2.86E-1
6.15E-1
0/30

3.35E-1
5.81E-1
0/30

2.70E-1
4.93E-1
0/30

2.86E-1
6.29E-1
0/270

GA best
mean

suc.

6.33E-3
2.30E-1
7/30

5.85E-3
2.99E-1
2/30

5.17E-3
1.66E-1
8/30

4.08E-3
1.20E-1
15/30

3.81E-3
1.08E-1
12/30

4.40E-3
2.07E-1
8/30

1.10E-2
2.14E-1
0/30

4.44E-3
1.59E-1
12/30

2.14E-3
7.34E-2
16/30

5.24E-3
1.75E-1
80/270

PSO best
mean

suc.

6.41E-3
4.87E-2
1/30

1.02E-2
8.25E-2
0/30

1.34E-2
8.32E-2
0/30

2.40E-2
1.15E-1
0/30

2.76E-2
9.11E-2
0/30

5.19E-3
1.16E-1
2/30

5.86E-3
1.01E-1
1/30

2.03E-2
8.75E-2
0/30

3.12E-3
4.98E-2
2/30

1.29E-2
8.60E-2
6/270

CMA best
-ES mean

suc.

2.95E-3
1.67E-1
18/30

2.98E-3
3.13E-1
11/30

3.52E-3
1.68E-1
18/30

2.87E-3
2.09E-1
15/30

3.48E-3
1.88E-1
16/30

3.45E-3
2.06E-1
16/30

3.21E-3
2.63E-1
12/30

3.54E-3
1.60E-1
19/30

3.48E-3
1.35E-1
19/30

3.28E-3
2.01E-1
144/270

DE best
mean

suc.

3.12E-3
1.29E-1
22/30

2.99E-3
3.31E-1
10/30

3.57E-3
1.77E-1
20/30

4.26E-3
1.66E-1
21/30

3.70E-3
8.98E-2
24/30

2.97E-1
13/30

3.28E-3
1.76E-1
19/30

3.29E-1
11/30

3.22E-3
1.98E-1
17/30

3.48E-3
2.10E-1
157/270

jDE best
mean

suc.

2.94E-3
5.20E-2
27/30

2.98E-3
1.80E-1
20/30

3.60E-3
5.56E-2
27/30

3.40E-3
2.49E-1
16/30

3.61E-3
5.43E-2
27/30

3.08E-3
2.73E-1
15/30

3.27E-3
1.21E-1
23/30

3.51E-3
1.07E-1
24/30

3.30E-3
5.72E-2
26/30

3.30E-3
1.28E-1
205/270

JDE2 best
mean

suc.

2.92E-03
3.32E-03
30/30

2.99E-03
3.69E-03
30/30

3.55E-03
3.97E-03
30/30

3.26E-03
4.24E-03
30/30

3.62E-03
4.21E-03
30/30

3.52E-03
3.57E-03
30/30

3.24E-03
3.29E-03
30/30

3.55E-03
3.67E-03
30/30

4.03E-03
4.16E-03
30/30

3.41E-03
3.79E-03
270/270
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