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ABSTRACT: [Objective] To address the issues of insufficient integration of traditional tool specifications and low efficiency
in design validation in the 3D design for power transmission and transformation projects, this study explores the collaborative
mechanism between BIM and large language models to construct an intelligent design assistance system that enhances
dynamic specification mapping and knowledge service capabilities. [Methods] A large language model-powered BIM 3D
design expert system is proposed. The Qwen 2.5 model is used to parse the specifications of power transmission and
transformation projects, extract triplet structures, and build a knowledge graph. A hybrid retrieval framework is developed to
dynamically map BIM component attributes with knowledge entities, enhanced by vector-based knowledge databases for
improved semantic matching. RAG technology is integrated to build a question — answering system, enabling intelligent
interaction between the 3D models and specification data via the BIMBase platform. [Results] The application at a Xuzhou
substation demonstrated that 1) the knowledge graph triplet extraction accuracy reached 92%, 2) the coverage rate of BIM
component-lo-specification mapping achieved 85%, and 3) the question — answering system had a response time of 1.5 s,
with a professional answer accuracy of 94% (a 31. 2% improvement over the baseline). [Conclusion] This study established
an innovative dynamic collaboration mechanism between BIM and large language models, validating the effectiveness of
knowledge graph-enhanced retrieval in power engineering design. Through bidirectional mapping between specifications and

models and intelligent question - answering, the system significantly improved the design quality, providing a scalable
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technical paradigm for smart grids.

This work is supported by State Grid Corporation of China Science and Technology Project (No. 5200-202356129A-1-1-

ZN).

KEYWORDS: transmission and transformation engineering; large language model; building information modeling (BIM) ;

knowledge graph; question answering system

0 35

BE & 5 S AR PRk R, A AR SR A
(building information modeling, BIM) £ R A A8 g, T
RPN H #2702, & GERT ALY e 2 55 ik
Th iz 4R 00 4 AR A I, O T TR
R PRI OCH R FI R, K5 Bl
(large language model , LLM ) f A A T8 8 45 Jak i) —
TGS R R R, © AR 2Tk R T R K
T PR A AE BLRE TS AR AT, KR ALY
L T % T N B 4R 2R ) S B R A S T, A S R
S 2% I SRR At TR i L T AL

5 7 F, T RR AT, BIM 45 AR 5 M (AN TR A
— 5T, BIM ARAEACHE SR B G A B8O T B8l S 4t
55t SCERL6 13 Y 1 45 A% BIM LY AE
2R SCHR 7152 T BIM 5 PR A B &R 4t (geographic
information system, GIS)~F- {5 filt & 1% HEL /<152 75 A5 0 4K
P H ; SCik [ 8 1% F 3DGIS+BIM - & S T #U7#4k
ML it B R . O3 —J7 T, BIM B HH 2
TUep A TR e A A R, NS M R A R
AR, B =] A T I —
AN T ah A IR S B IRAS M R,
A BIM b JH 2R A TR A (5 B/ S e
FTRRAR , T8 Q] 2R B2 Rl Ml P RE 1) 3 A DGk
IE 30 UE B T 2 A5 A5 A D ST i AT R
I, HAA stk A B Re 1A T Tt

T 6T R 33 BT ) B AR AR R H 25 52 2% 1 T RE 3R
S5, VO IR AE S bR AR e AT s 5 PR, 1258k
THA B T LA 3 5l = X 247 M B RNl TR Y
ARG 5 BB SCIRAE ), 30 BT ITAE 9% R i
] -2l ) SRS gk e 0y A e IR E 2 A0
B GEORHIR R0 AT B A o X — i B
BT ST AR XU R 2 TR
AP R S B

PT AR, N T B8 H R TE AR R4S B4 sl i
13 ISR PR R, Z I Y L UE S LLM 7E #1445 5C
i AT R BT PSR S T A M . TEHL )
AR AR, 2 T 2o i v ) TR AR g
T+ BIM BERY (9 {5 B4R AR 7, F18 H BERLN HT T H
1A T2 S LA K v ) s SRR AR
F, 7 450 R R G 5 )23 T, SCRR (20 J3d 3k 5 | ARG 2R 3
i A2 i (retrieval augmented generation , RAG ) 4% AR , 4%

i}

A HL TS SR AL FHAE AL (4 Meta-RAG) ,
BCGEff T 3E R Y A & M U R T B
“LIHET )AL A ) A B A R TR
REgEERY . FEAL S E RS 288 00 7, LLM J#
PR B R ) FAE AR 5 /INRE AR 2 o R - SR [ 22 ] il
A LLM 5 B0 28 28 SEB0R B 8 T AR AR L i
R ERBH W R G B s B PERE ; STk 23 13K
g% T H A AR v TR rp e PR 5 AG R R SR T A
JRURS: T4 Hp i o7 S o RS AR R B i R T
25 450 R R, LM AT 280 3 # T R F0  fe
WIS R A A S5 AR AR

JLAE BIM AT LLM 45 H 7E 4 48 B TR2 rp U 7R
W2t (H BIM 5 LLM [ HIp [RI BIL I 7 A e 37, X DA 5K
BT HEE 5 = 4R () sh 2 Wi, 7 d BRI T
PIME AR &35 . FECY TR Bl S R G
PASE RS F0 R A sh A5 S P, AR R AR H = e i,
P LA {5 b o B 56 31E K 56 WY R, 16
TN RSB RS, 20 T BB AL B RCR

YT A SCHRE I T —Fh I T OB A R
HHAS B TR BIM =BT B X RS, B 7Rl 5 6E
b F B e ik in) B850, AR HL BRAT B 5T, 1% R SR
N TR BEE A BIM AG & P 5 28 o TR FLEAR
P FEAT T W, Rl B S 4 i ) TR B4R
VO T 2B ey % . e, il ol 2R £ 4]
NS BUE, R T % R G AE ST U AR
D7 A, b it — 25 3 Bl e TR A A A Y
REPHHRAE T EE S,

1 KRIESEETHENHTHEHIEZEBIM=
HIZITERRGE

1.1 RGHEZE

AR SR ) R 75 A8 SRR 1) i A2 L TR BIM
LR ARG RS HE  BIM & M w5 Ll AR
()25 = A R, N 1 s . RGEE el KBS
BT figt B i A8 L TR SOAR M B M R bk
VTS 5t T A o i TR AL 5 2 35 1 &t Tl
H R R BIM J& 1 2 A5 WU HESR s = AR e 1F 5
TR B 15 SR SCHE , SCHRFIR TS50 S B 5 5 &
TEFE A B 5 5 2 A B 1) 2 TR TR A S 0l 3 i )
KB T B R G, Ul By A A4 36
STy A R 28 B2

http://www. cepc. com. cn



5511 4 FEALA A KA R SRR A AR L TR BIM 4R B R RS 49
HIiR o ;
Eg \?iff;:’ M =tdl ﬁ%|ﬁmgﬁ
BIM — RS 2R i
i% é%lgéﬁx ol LM | FEEZ [~ UM e[ mem
f SRS
— 1k A
oy | | B el e —
AL FABLEE 5
I T CEYA
A e MERE = LM = (D) Ll

B1 REEZ
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S ¢ % T L TCEE -
i i A A PR 1 R 2 [ LA B SR P
iy A TR L P LA K2R SR A R 5 AT (35 LR 2% 0 B
i : <. ORI RN % 1 TR AR R R R 5,
[ mmst . e PTTHEE T2 TR R I 7 5
IEEICENN H R i - I FUPRTT 7 , 74 BIM A5 B 1 RS , SRR P
T g R R 7 Rl - SOR TR AR RS A
HifsR | § R o

E5 BIM#EEREFEESMIAELMIXR
Fig. 5 Mapping relationship between BIM

model and knowledge graph B;\é[ =
BIM{ B ;E%; ol
4 P (ONEE o TR A B < R Y e
ﬁggr fi) % FA i
P AR [ | [ SEEZEER M7 FERREMR
i s TR AR E Fig. 7 Strategy of subgraph retrieval
LLEEX/{X — — e NN — N
SCAR TR 19 i A 2R U 2 30 5 0 SCAS e B4
ol BRI [ i e A7 6 T AR i O

R H TR SN B = Ie AR . G AT
ARTCRHE T AR, TR A S B SORA A , R 3
HALLRE 75 e A0 B T, TH A3 S, 12 10115 455 5 A
(S RATPNI IS/ IEIEN EPTi 4 €11 38

B 6 ZHREEIEELE BIMEEMEHELR
Fig. 6 BIM attribute mapping framework
based on knowledge graph RAG

http://www. cepc. com. cn



52 NI S

SR BB AL R G B = oo i FE K
oK R FITAR 2 1 HLAA BIM AG (R s L Jm v . i ad DT i
TR ST A, AR AE DL TR A3 S, 3R I
T S HAR S B = oo, <k, 2 R M E><Hy
8, J@ e E> 5 B — A2 4 B TR, X R
75 2B A PR o7 20 A 1 1 2R N 2, O HLE i i
D3RR B S B2 R L BT R AR 2 A
AT 55, 2 THE BRI EMEE . e
o B ARAS 1Y+ B 5 45 S8 A TACE Sy e, ana (1)
FIER i B 2445 3 AT HE Y A3 [BE B 81 KE 5 18
BT — PR

Stinad = 0 St F (1-a)- S e (1)
FH 2 S, e 2 SR TCEIEAT R AR5 5.S,0. 778 B
GRG0 5 o Ry VT BB, AR S v a8 X
WA RE M 0. 6, BRI FE A0 F T35 DT e 285 5, [A] A 3 st
SEFOCHRE

IR S B S A S B 2 RIRJZ IR N TR
WG OC R, AT LhSE G SE AR B s P A5 S S 2
BORAA R o BTN RS 38 A R 19 BIM & 1
WS, BRNS Sl A& A AR ARG UR , SR Ak AR i T AR
BIM =4 B AR CARERILIE , (Ko 5 A S il
By ST RRCE S5 MR
1.4 EFREFEEMNERAZTREAL
1,41 [l IR PEAL g

FE SCAS T Ak BB B e, BV 2% SCSCAR e e 1)
BEC(E 1) S 2 ) TR A B VR . e B A
fiff 19 42 00 T RS2 Dy o 4 1) o U SR AL S M b L
ROR AR BP0 X8 ] A AE T 5 4k 25 )
Hh, v B — A 4 R AR I R A A YRR IR B
R RS TR R, SOAR S ALY
W AR Ay i ) e B 8 A AR A A A (A
AL gL )2 R 51 S0 B T AR B I B 1
FEHL,

AR SR FH 3 1] 1 AE AR granite-embedding Xif
TR 2% SCHEAT 1] s A A 1 A B SCAR IR Ry 768
ey g, U FRENBEREEE. RHE
B33 M, D ik A B 4 2 ) e, DL ]
AL 43 BT, AH R B4 ) 2 ) o] A Ak 2 SR an &1 8 B
o B SRR E — F NSO B TRk
AR 3 FE B 15 - 10 A RS, 20 A 3 A ) ] S
AR 25 3k 1) a4k DA B R 2 I A ) D A
KR
1.4.2 [ ER 5 EA L

1) [ 82

FEF 1) a0 R O R R o S A AR R KR

5 46 5
° .‘ : ® Query Point
..o: ¢ .. © .. 0.2
° .
oo. ‘.O “. .0‘ ¢ g ‘
° 0® _Y0° o ® o 0.1
oo o® LA ® oo o’ °
... .~‘ o o %
o® o %’ N }.03 ® 0
... .....““. ~~n .. °
° & j‘.o...”: > 0.1
o oo .0" 2% ®
M R 02
° e%® "o ©
0 0% 03
[¢} ‘“o :
° o
°

E 8 mEMIRETEFAAL

Fig. 8 Visualization of vector knowledge base
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