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Real-time 3D shape recognition for soft manipulator based
on SOM algorithm

70U Shuangquan', LYU Yueyong' , GUAN Qinghua’, LIU Liwu®, MA Guangfu'

(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China;
2. Institute of Composite Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)

Abstract: To realize the accurate 3D shape real-time estimation of soft manipulator and lay the foundation for
deformation control and application, a real-time 3D shape recognition method based on the SOM algorithm is
proposed for three-section soft manipulator. Firstly, the left and right frame data captured by ZED binocular camera
are preprocessed to obtain the left and right binary images, with the 2D contour data of the soft manipulator
extracted in real time. Then, the self-organizing map (SOM) algorithm is run to cluster the contour data to obtain
the 2D centerline of the soft manipulator in order, and compared with K-means, Gaussian mixture model and
thinning of three centerline extraction algorithms, revealing that SOM algorithm is more suitable for solving the
centerline identification of complex shape of the soft manipulator. Finally, the 3D shape reconstruction of the soft
manipulator is completed by using the triangulation model based on the disparity. Furthermore, the algorithm
framework adapts data downsampling, SOM parameter optimization and other methods to improve real-time
performance. The real-time shape sensing and comparative verification are carried out during the continuous
deformation of the soft manipulator. Experimental results show that the algorithm presents a high shape sensing
accuracy and a superior real-time tracking effect. Compared with other shape detection algorithms locally and
globally, the proposed algorithm displays a better performance.
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Fig.1  Control system of soft manipulator
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Fig.2  Experiment setup of soft manipulator
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Fig.3 Flow chart of shape recognition algorithm
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Fig.4 Image preprocessing results
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Fig.5 SOM neural network structure
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Fig.6  Simulation experiment of SOM parameter design
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&iX1 K-Means algorithm for centerline recognition

1. Select the center number n and iterations number [/ = M.
2. Initialize W(0) randomly, and input 2D contour p.

3. Define the set C={C,,---,C, | =

4. forl=1;1<M+1;1+ + do

5. for each p, do

6. Calculate j' = argjsn[qlifln,( lp =W, 1)

Assign C, =C;, Up,.

7. end for

8. forj=1;j<n+1;j+ + do

9. Update W; = Z pi/ | Cy | using all p, belonging to C;.
Py

10. end for

11. end for

12. Output W
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&i%2 GMM for centerline recognition

1. Select the component number n and define mixing coefficient 8,
expectation g, covariance I and iterations number [/ =0

2. Initialize 6, = (u,I",) randomly, and input contour data p.

3. while (/=0| | 6,-6,_, || >0.01) do

4. I=1+1

5. fork=1;k<r; k+ + do
6. forj=1;j<n;j+ + do
7. Compute the possibility that input sample p, comes from
component j;
vy = BPp, |, )/ 2 BP0, |, T)
j=1
8. end for
9. end for

10. forj=1;j<n;j+ + do
11. Estimate the model parameters 0, based on Maximum

Likelihood Estimation ;

o= 2 () D vy =1,
=1 T

12. 1—; = Z')’kj(l’k —/.L/-) (P 'Nj)T/Z'ijsj =1,-,n
k=1 k

13. B = Xyy/rj=1,+.n
k

14.  end for

15. 6,=(u,I.B)
16. end while
17. Output W=u
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Fig.8 Experimental results of various clustering algorithms
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&i%3 Shape Recognition Algorithm

1. Initialize W(0), N, « and A

2. loop

3. Get current left/right camera frame

4. Extract the 2D contour point cloud of the 2D contour point cloud

of soft manipulator

P=ip,=[pi.p2sl, k=1, 1}
5. for A(0) =1; A(t) <A; A(t) + + do
6. for each p, do
7. forj=1;j<n+1;j+ + do
8. I =W, Il =/, ~W) (P~ W)
9. end for
10. Find ;" = arg max( || p, =W, || )as the winner neuron,

and define N . (1)

11. for allje N;. (#) do

2. W,(t+1) =W, (1) +n(R)a(0) [p, - W, (1) ]
13. end for

14. end for

15. end for

16. Obtain W; of left and right image respectively

17. forj=1;j<n+1;j+ + do

xL,'Z' YL, Z; ST,
5. 0= [x ="y Nt g S
7
19. end for
20. end loop
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Fig. 11  Experimental results of shape recognition algorithm
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Tab.2 Calculation of various errors
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Tab.3  Comparative evaluation of shape perception algorithms
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