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Fig. 1

Conceptual model of indoor 3D scene graph



1358 July 2024 Vol. 53 No. 7 AGCS

http: //xb. chinasmp. com

2 EN ey R H A48

2.1 BRERSEREHARE

7E OGC CityGML™ Fl ISO 1916487 &%y =
YR B o v 2 P S T HEAT T2 Gtk i R4y, an
R A B R 2 BB v A s ) A X B R U
A BB E SCTE A ) J2 90 vh 75 B2 40 3 IR 26 B 3R HL Gk
ZORT AR SR B R I E B AR IR . TEARBE T, L
LB AN N R B RN AR S HERA =
P = G A v ) 2 G R A LU L X = Yk
SEERFEATZ R IR AFZHTERY
R S ST T ) = 4 R R N = 4
BROKGZHAALMELR, WE 2 iR, RHELR
FEN = R AR 2 RO AT 4
LB MHERER AR ER RS2
Eopes M B R E S MR Wb R
MR SRE R . R R R A LU B T
MAGH BRI ZN =R FEPNERFEL. &
BN ZIERN G A RERERZTRA S 24
PREF IR, MARF M AR R ERZ ML
SR E A E 8 BT T . R UL AR SCOR % 41 58 1)
BRI ZBAG R IATE L X BRI KRB EEEA
PAAHE R BB 3 A B A e A

| sxenzz |
}
| wmepEz |
¥
| wermz |
/\

| wwgmmzmz | | spswEx

| wwwmszx | | mEsmsEsz
R T2 LS J-r TV iE

Fig. 2 Hierarchical organization of indoor 3D scene graph
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Tab.1 Description of element types at each hierarchical level
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Tab.2 Geometric representation of indoor 3D features
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Tab.7 Semantic definition of space elements
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Fig. 3 Inheritance relationship of 3D scene graph
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3D scene graph representation and application for intelligent indoor
spaces

TANG Shengjun'?, DU Sigi*s, WANG Weixi'"*, GUO Renzhong'**

1. State Key Laboratory of Subtropical Building and Urban Science s Shenzhen University , Shenzhen 518061, China ;

2. School of Architecture and Urban Planning , Shenzhen University, Shenzhen 518061, China

Abstract: Existing methods for indoor 3D scene representation focus on object-oriented descriptions, with element representa-
tions limited to object-level semantic understanding. These methods lack the ability to express complex relational information
within indoor scenes. Addressing the demands of intelligent indoor space tasks, there is a critical need for a structured model
that can comprehensively and accurately describe the geometry, semantics, and relationships of indoor elements, while also
supporting semantic retrieval and analytical reasoning. Based on the fundamental theory of 3D scene graphs, this paper innova-
tively proposes a 3D scene graph representation model tailored for intelligent indoor spaces. It systematically introduces the hi-
erarchical organization, geometric representation, semantic description, and relational description methods of indoor 3D scene
graphs. A conceptual model is established that uniformly describes the geometry, semantics, and relationships of indoor ele-
ments. Additionally, this graph model is compatible with existing 3D scene representation methods, ensuring good data com-
patibility. Finally, a comprehensive multi-level relational 3D scene graph model is constructed based on the publicly available
IFC model. This model’s application capabilities, potential, and limitations are systematically explored and analyzed through
applications such as complex scene retrieval and topological analysis, in conjunction with large language models. The results
demonstrate that the indoor 3D scene graph model possesses complex computation and analysis capabilities, can be directly in-
tegrated with large language models, and enables complex scene analysis applications through simple natural language

prompts.
Key words: indoor modeling; graph model; IFC; CityGML; large language model

Foundation support: The Natural Science Foundation of Guangdong Province (No. 2024A1515030061); Research Project of
Shenzhen Science and Technology Innovation Committee (Nos. KJZD20230923115508017; JCYJ20210324093012033); The
Research Project of State Key Laboratory of Subtropical Building and Urban Science (No. 2023ZB18)

First author: TANG Shengjun (1991—), male, PhD, associate researcher, majors in urban 3D element structured reconstruc-
tion and multi-sensor fusion mapping.

E-mail: shengjuntang@szu. edu. cn

Corresponding author: WANG Weixi

E-mail: wangwx@szu. edu. cn





