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Isomorphism Identification Method for Kinematic Chain Based on Exchange
and Comparison of Lower Triangular Matrix with Whole Information

ZHANG Guangshuai SUN Liangbo™ LIU Xiaocui ZHANG Deping ZHOU Huaxi
School of Mechanical Engineering, Wuhan Polytechnic University, Wuhan,430023

Abstract; Isomorphism identification was recognized as a critical step in the synthesis processes of
kinematic chains(KC). A new MWI was proposed to describe the structural information of KCs. The
principles for determining multiple-joint and polygonal links were introduced. Based on the principle
that the lower triangular matrix with whole information(LTMWI)may uniquely express the structure
of KCs, a new isomorphism identification method was proposed with the comparison and exchange of
LTMWI. This method relied on the transformation law of links and key point numbers. Two KCs
were expressed by LTMWI, with one LTMWI was selected as the datum matrix. After grouping the
key points and moving the non-zero elements of key points in the same group forward, the determined
key points and the key points to be determined were obtained. Under the assumption that all key
points in the exchange matrix correspond one-to-one with the key point positions in the datum matrix,
a finite number of exchange matrices were compared. The method has advantages such as a simple
principle, ease of programming, and an identification process requiring only retrieval/comparison op-
erations. It could quickly provide isomorphism identification results, and the mapping of links and e-
ven revolute pairs could be obtained. Isomorphism analyses of several KCs demonstrate the aforemen-
tioned characteristics of the method.

Key words: isomorphism identification; matrix with whole information(MWID); datum matrix;
multiple-joint; polygonal link
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Fig.1 Mechanism kinematic chain, key points, and

component numbering
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Tab.1 Numerical characteristics of key points for two

12-bar kinematic chains

EEEE 1(KCD B FHE 2(KC2)
i B AE A G BOF R E
1 5.3,2 1 5,32
2 4.3.1 2 4.3.1
3 4,3,1 3 3.2,1
4 5,32 4 4,2,2
5 3,2,1 5 3.2.1
6 3.2.1 6 3.2.1
7 14,2,2 7 3.2,1
8 4.2,2 8 3.2.1
9 3.2.1 9 4.2.2
10 3.2,1 10 3.2.1
11 3,2,1 11 14,2,2
12 3.2.1 12 3.2.1
13 4,2.,2 13 4.3.1
14 4,2,2 14 5.3.2
15 3.2,1 15 3.2.1
16 3.2,1 16 1,2,2
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Tab.2 Numerical characteristics of key points

after reordering

&k 1(KCD & Ik 2(KC2)
G BT FHAE(E i BT RHAEE
1 5.3.2 1 5.3.2 "
4 5.3.2 14 5.3.2 o
2 1.3.1 2 1.3.1
3 1.3.1 13 4.3.1 o
7 1.2.2 1 1.2.2
8 1.2.2 9 1.2.2 o
13 1.2.2 11 1.2.2 ®=4
14 1.2.2 16 1.2.2
5 3.2.1 3 3.2.1
6 3.2.1 5 3.2.1
9 3.2.1 6 3.2.1
10 3.2.1 7 3.2.1 —
11 3.2.1 8 3.2.1
12 3.2.1 10 3.2.1
15 3.2.1 12 3.2.1
16 3.2.1 15 3.2.1
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Fig. 3 The kinematic chain isomorphism identification

method based on the LTMWI
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Tab.3 Numerical characteristics of key points after

reordering for a 28-bar kinematic chains

B EEE 1(KCD B 2(KC2)
Ko P K Ko

TR BT R E i BT R AE

1 3,2,1 2 3,2,1

6 3,2,1 14 3,21

8 3,2,1 18 3,21
14 3,2,1 21 3,21 _—
17 3,2,1 25 3,2,1 -
18 3,2,1 32 3,2,1
26 3,2,1 37 3,21
33 3,2,1 38 3,2,1

2 1,2,2 1 1,2,2

3 4,2,2 3 4,2,2

4 1,2,2 4 4,2,2

5 4,2,2 5 4,2,2

7 4,2,2 6 4,2,2

9 4,2,2 7 4,2,2
10 1,2,2 8 1,2,2

11 4,2,2 9 4,2,2
12 4,2,2 10 4,2,2
13 1,2,2 11 1,2,2
15 1,2,2 12 1,2,2
16 4,2,2 13 4,2,2
19 4,2,2 15 4,2,2
20 4,2,2 16 1,2,2
21 4,2,2 17 4,2,2 A
22 4.2.2 19 4.2.2 Gl
23 4,2,2 20 4,2,2
24 1, 2,2 22 1,2,2
25 4,2,2 23 4,2,2
27 4,2,2 24 4,2,2
28 4,2,2 26 4,2,2
29 1,2,2 27 4,2,2
30 4,2,2 28 4,2,2
31 4,2,2 29 4,2,2
32 4, 2,2 30 1,2,2
34 1,2,2 31 4,2,2
35 1,2,2 33 4,2,2
36 4,2,2 34 4,2,2
37 1,2,2 35 1,2,2
38 1,2,2 36 4,2,2
39 4,2,2 39 4,2,2
40 4,2,2 40 4,2,2
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Tab.4 Component and key point mapping relationships

of two 28-bar kinematic chains
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Tab.5 Numerical characteristics of key points after

reordering for a 15-bar kinematic chain

BEEE 1(KCD iz gk 2(KC2)
i B FRAE(E Gt = B RRE

13 10.5.5 13 10.5.5

14 10.5.5 14 10.5.5 o
15 10.5.5 15 10.5.5

6 8.5.3 3 8,53

9 8.5.3 6 8.5.3

12 8,5.3 12 8,5.3 —
18 8,5,3 18 8,5.3

21 8.5.3 21 8.5.3

24 8.5.3 24 8.5.3

1 6.5.1 1 6.5.1

7 6.5.1 1 6,5,1

10 6.5.1 10 6.5.1

17 6.5.1 17 6.5.1 =l
20 6.5.1 20 6,5,1

23 65,1 23 6,5,1

1 6.3.3 7 6.3.3

2 6.3.3 8 6.3.3

3 6.3,3 9, 6,3.3

25 6.3.3 25 6.3.3 ERZE
26 6.3.3 26 6.3.3

27 6.3.3 27 6,3.3

5 1.3.1 2 1.3.1

8 4.3.1 5 4.3.1 557 41
1 4.3.1 1 14,3.1

16 1,3,1 16 1,3,1

19 4.3.1 19 4.3.1

22 4.3.1 22 4.3.1
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