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Intelligent analysis of design about roof equipment inspection paths based on
graph theory and improved A* algorithm
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Abstract: In roof engineering design, the rationality of equipment maintenance circulation routes directly impacts
maintenance efficiency and safety. Traditional design methods often rely on empirical judgment, making it difficult to
sufficiently evaluate the rationality of these routes during the design phase. To address this, a hybrid algorithm
combining graph theory with an improved A* algorithm was developed. Integrated with Building Information
Modeling (BIM) technology, an intelligent analysis and design tool for roof equipment maintenance circulation routes
was created to address the shortcomings of traditional design via digital model-based route analysis. First, the roof
was converted into a weighted equivalent grid map using collision detection and an octree algorithm. Next, an

improved A* algorithm was employed to optimize the maintenance paths, comprehensively considering equipment
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collision volumes and spatial constraints to calculate the optimal maintenance circulation route and evaluate the

rationality of detailed route-area design. Finally, the intelligent analysis and design tool based on this algorithm was

tested on an actual project. Experimental results demonstrated that the algorithm accurately revealed potential

spatial conflicts and irrational layouts, providing data to support design optimization, and enhanced design rationality

and operability; it also improved efficiency by more than five times compared with traditional manual design. The

intelligent analysis tool based on this algorithm is currently in use in several projects by the Shanghai Construction

(No.4) Group Co., Ltd.
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Fig.2 Roof equivalent grid computation workflow
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Fig. 3 Mesh computing time graph (with the number of

mesh elements on the logarithmic x-axis and computation
time on the logarithmic y-axis)
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ordinary grids, red indicates high-weight grids)
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Table 1 Algorithm performance comparison table
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Fig. 7 Octree algorithm computation workflow
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Fig. 8 Octree algorithm schematic diagram (the red mark indicates a branch that meets collision requirement)
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Fig. 9 Equipment maintenance inspection route calculation
workflow considering navigable volume

FERRIE A*BLIET, T RUEH RIS A RS
ot s, AR JE T R 8 AN TAIAHAT IR RS o (HAE %
J& 3X3 HATIEMIAS I, AT R RIS R
ol s, EFHREREIZ ROV 3X3 X, X
ERE RHRRE BN AT, SRR B AR XA KT
TSI AR . BRI IRINT

BN RIS RGG.

W SRUER L RS AR PR K B R o

HE 1 W RS H AR A . R T
IR AR RS 6 P RS 19 15 StartNode. A T i 7
B S AR H AR RS EndNode, 3% 09 &
— s TR T R E

BB 2. RIS HEMN TFBBIR” Hhik
FEVPALEL S5/ R U D9 409 o SR 2T
%%Hﬁ%ﬁywﬁ%ﬁi,ﬁA%éE%M&;
I, R ZHTE SN COFBIIRT BE KM
R, WRERVIR . £ -RERT, FiEak
AT ST AR R o AR QR AR AR
MO0 R IFAR L — RS, T2 L ARAT T 3X3
DXk FEAS AR & 9 AU, SEL UG IE H AR DX
W BRSO 5 T s I RAFAEAE AT — A>T

PR S i, AT T AN TTAT
BB . T T IE I (AR R T A, AR AR R
Bt SHZ A AR .
AR R T ROR
F(x)=G(x)+H(x) 2)

R x JORSRI A F(x) 2052
A G(x) Fom i SRS H (x) o
S AR R A

G (x) T 415 S B TP A4 £ S DR 3
BB, W R TR S, B



IR, &5 BT EIE R AYFE R T B A S sh R BT RE T 221

G(x) = ZRGG[i][j] - weight 3)
e i M RRAZTT KRR AL A
H (o) 2275 22 45 4050 2 2 B0 £ 5 0 B
B, FERHIB) LA A, A

H) = -x)+(n-n) @

e (x,p) B 4R REAARR: (x,,y,) BN
2 R R AR o

TR TG, SR AR RS AT
W SRR S RAE TSR, R
N, RN T s FE AT U R T R, JR SR
G(x), H(x) fF(x) 8. RiZW R CAHFET “OF
HOBIZE” B A G (x) T, T BT A
A RSARME

IO IR 2 WEBHMTEE R, N “TTsIR”
T — A BT F (o) A1 ST L.

B 3. AR 2 H AR AR S Ay
I, BEE L, FRNE AR ST, B R
AR, BRERIGT AL Wl A BT AL B
SRR T 3X3 AT ERMKE, BEL
FEANT ) S PR VG 2 o O L 3X3 7
PR o

PBIR 4. WRicRERG o W A0 R AR AR R
PIRCEE, FRic s B kg fe D % 42 rh I AT AR AL
R4

3 NMAREG

I A S HE 1A TR 1 R THD 1 4 18 B0
LRIy T TS, AR I = R BT B X (AR H
A)s FHFPAE R E B) &L RHERE KB H
O Z M AT T M BE

I H 40T R T 4548 56 L HLHLE E IR Y
B, RAFER ST RSB L G .
Y6, KR XI5 SN, AR ARER
200 mm x 200 mm H)SEFRAE[A],  FEAGY)A T AT
FE N 300 ~ 2000 mm , 38 M R AE X A% T
REREATAR U, ELFEIEAT IRAK | [ DX A AR ey AL )
Mo R AN AR S5 MR A B b1 o B g P A
ML ENFRCE M. N T T H RSB
REATAETE R, ] 3 X3 H R X 38R 600 mm x
600 mm ) A BN L PEAL X3, A ORI i Sife ot =
PrIfET R, WAERME 10 fin, gt
KB % 2k S (L B 20 838 23 T AR A BT B 4

T REAFAE AT RSB A TE « SRR o TRALIRTH N BUAR
LR LR AR B LU LA A2, i e AR
Bt @Y, HAHLRE T, %4 tpEisY)
DX del A 24 D47 SE Bt TAS L an B 11 s

El10 TiH A PIR SRR ER LG O RIS
WM, LN R AR AR T RS A A% )
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Table 2 Algorithm performance comparison table (Taking remotely located maintenance equipment as an example)
SiH R AR X A% Kl 4 BT BARRARKE  ATERAEKE  HikE N T % HykkEm  NFERS
/m? (K/IHE) W /m /m ks s /min /h
A 2 400 0.2 mx0.2 m/60 000 0.12 218.4 283.6 9 21 28 10.0
B 4300 0.2 mx0.2 m/107 500 0.28 419.7 491.3 12 25 40 14.0
C 1850 0.2 mx0.2 m/46 250 0.35 193.2 242.3 14 22 15 6.5
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