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Completeness Research on Topological Relations Between
3D Spatial Objects of Lines and Bodies

ZHANG Jun, QIN Xiao-lin, HU Cai-ping

(College of Information Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

Abstract Lines and bodies are two important spatial objects in 3D space. Research on topological relations between lines
and bodies have great value in many application fields such as mining, military and transportation. In order to analyze the
topological relations between 3D lines and bodies especially complicated lines and bodies correctly and efficiently, a group
of sample spatial objects are defined. Then nine-intersection model is used to describe the topological relations between
spatial objects. Using nine negative conditions between lines and bodies, eleven types of topological relations between
sample lines and bodies are deduced. Then the composed reasoning method is used to deduce the topological relations
between compound lines and bodies and there are altogether nineteen types. Finally the algorithm to analyze the topological
relations between complicated lines and bodies is deduced. After detailed analysis and discussion, the completeness of
topological relations between lines and bodies is proved. Therefore, the algorithm can guaranteed the correctness and greatly
simplify the analysis of the topological relations between complicated lines and bodies.

Keywords nine-intersection model, topological relations, topological analysis, completeness of topological relations,
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Tab.3 Reasoning table of topological relation between line / connected by segment /, and /, and body b
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IT/255 IT/255 1T/255 253 (D)/191(IN) 509 1T/255 1T/447 509 509 1T/255
IT/447 1T/447 1T/447 509 445(D)/191(ON) IT/447 1T/255 445(D)/191(ON) IT/447 445(D)/191(ON) IT/447
IN/220 IT/255 IN/220 IN/476
IN/412 1T/447 444 508 1T/447 444 1T/447
IN/476 1T/447 1T/255 IN/476 508 IN/412 1T/255 508 IT/255
M/287 M IT/447 509 445(D)/191(ON) IT/447 11/255 285(D)/063(ON) ON/319 317(D)/063(ON) ON/319

ON/316 1T/447 444 508 ON/319 ON/316 ON/319
ON/319 ON/319 1T/447 509 445(D)/191(ON) IT/447 1T/255 317(D)/063(ON) ON/319 317(D)/063(ON) ON/319
TB/063 TB 1T/191 1T/255 1T/447 ON/319 ON/319 TB/063
R4 EAKREGRZEARIXRESRALTERITHEERT)
Tab. 4 Reasoning table of topological relation between compound line / and body b
R R 253 R 285 R 317 R 444 R 445 R 508 R 509 R 252

D/031

1T/191

1T/255 1T/255 1T/447 1T/447 IT/255

1T/447 1T/447 1T/447 1T/447 1T/447 1T/447 1T/255

IN/220 253 508 509 252

IN/412 445 445 444 445 508 509

IN/476 509 509 509 508 509 444(IN)/252(ON)  445(IN)/253(ON) 508

M/287 ON/319 ON/319 1T/447 1T/447 1T/255 1T/255

ON/316 317 317 444 445 508 509

ON/319 ON/319 ON/319 1T/447 IT/447 1T/255 IT/255

TB/063
R253 253 509 509 253
R285 317 317 445 445 509 509

R317 317 317 445 445 509 509

R444 445 445 445 445 508 509

R445 445 445 445 445 509 509

R508 509 509 509 508 509 444(IN)/252(ON)  445(IN)/253(ON) 508
R509 509 509 509 509 509 445(IN)/253(ON)  445(IN)/253(ON) 509
R252 253 508 509 252
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