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context-free grammar

stochastic context-free grammar is used to recognize interactions that the rules are learned based on the
OCIS codes

IR

extracted based on motion directions and spatial relationships (including topological and directional relations). Then,
=]

transformation of spatial semantics. Extensive experiments have been executed to validate the effectiveness of the
proposed approach, and the method can recognize the interactions without additional training.
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Abstract A method for recognizing human-human interaction is proposed based on the spatial-temporal semantic
information. Different from traditional methods to model the interactions, this framework achieves recognizing

activities based on the transformation of the spatial semantic meaning. First, with detection and tracking results, the

spatial semantic meaning (front, back, face to face, back to back, and left or right) between the persons are
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Fig. 1 Eight topological relations and their corresponding 9-intersection matrices
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Fig. 2 Tllustration of the directional relation
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Table 1 Available combination of topological and directional relation
O N S w E NE SwW SE NW
Disjoint X J J J J J N N N
Touch X J J J J J v J J
Overlap J J J J J J J J J

T HARGFEGR P ANE bR Z AT E Y 8
T Fh ¢ & o A Disjoint, Touch 1 Overlap & 6&
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Table 2 Examples about extraction of the spatial
semantic meaning

G .j) (TG.j) DG O, O, Snfemjl‘j;g
1 (Dis.. N0 D3 D3 S,
2 (Dis.. Ny D7 DI S,
3 (Dis.. N) D7 D3 S,
4 (Dis.. N\) D3 DI S,
5 (Dis..N) DI DI S,
6 (Dis.. NW) D3 D3 S
7 (Dis.. NW) DI DI S,
8 (Dis.. NW) D7 D3 S,
9 (Dis.. NW) D3 D7 S,
10 (Dis. » NW) D2 D2 Ss
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Fig. 3 Quantification of the motion direction of target
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Table 3 Rule production R and grammar of the interactions

1D Production rule R Probability Grammar Probability of the interaction
1 S—s, P 1 =5 pCxr))=p,=1/9

2 S—s Do X7 =155 plx)=p,=1/9

3 S—s, A, b3 — —

4 A —>ss5 Ds XT3 =525 pCxs)=ps ps=1/9

5 Al—>s5 A, P - -

6 Ay —s, Ds Xy = 55 55 51 pCas)=ps pr ps=1/9

7 Ay =5y P Ty = S285 84 p(xy) = ps prpe = 1/9

8 S—s, B, N — —

9 B, —>s; D10 X =S4$ pCxs)=pipro=1/9

10 B,—s;B; Pu o -

11 By,—>s, 2p X5 = 5355 54 p(xs)=p,prip2=1/9

12 S—s;C, s — —

b G bu T e pCas) = ps prs+ ps pru=1/9
14 Ci—>s Pu 582 )

15 Ci—s, Dis X9 = 85 S o) =ps p1s=1/9
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Fig. 4 Examples of the interactions. (a) x;=sss551; (b) x5 =1s3555,
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Table 4 Performance comparisons of our algorithm with other methods

Interaction HMM /% CHMM /% VLMM /% MTP /% Ours /%
X 83.4 75 83.3 75 100
X2 50 58.3 66.7 75 100
X3 75 75 83.3 83.3 100
Zy 58.3 66.7 91.7 100 100
X 66.7 83.3 100 100 100
Xg 75 100 100 100 100
X7 83.3 75 75 83.3 91.7
Xy 50 83.4 83.4 91.7 100
Xg 58.4 75 75 83.3 100

Average 66. 7 76.9 84.3 88 99.1
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Fig. 5 Confusion matrices with different approaches in recognizing multi-agent interactions. (a) HMM; (b) CHMM;
(¢) VLMM; (d) MTP; (e) proposed approach
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