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Building facility virtual inspection system design and
implementation based on software robotics technology

JIANG Haigang', JIANG Xiaogiang®, WU Zengqiang’
(1. Shanghai Installation Engineering Group Co., Ltd., Shanghai 200080, P. R. China; 2. Shanghai Urban
Construction Vocational College, Shanghai 200438, P. R. China)

Abstract: The study aims to address the issues of low efficiency, high cost, and safety hazards associated with
manual inspection of building facilities. To address these issues, the study proposes a virtual inspection system
based on robotic process automation (RPA) technology. First, a dynamic digital twin building model and an
update algorithm are constructed based on BIM data, forming a real-time mapping relationship with the on-site
facility operation status. Next, a multi-modal deep learning-based device defect detection network is designed to
achieve automatic high-precision defect detection. Finally, the heterogeneous system integration and the
application of intelligent scheduling algorithms are realized based on the software robotics technology
architecture, and an integrated software robotics inspection system is developed. Preliminary verification was
carried out in experimental scenarios. The results show that the virtual inspection robot system based on the
software robotics technology architecture has: the facility defect detection accuracy improved to over 97%,

surpassing single-modal detection methods; the operation efficiency is increased by an average of more than
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62.3% compared to traditional methods; the maintenance manpower demand is reduced to 60%-80%,

exemplifying its substantial engineering application value.

Keywords: software robotics; digital twin; machine vision; intelligent inspection; building facility maintenance

Wit 25 ok i R ) TR HE I S AR Y
FUASE A S 2% B2 AN W B T, X6 HG Oz A7 bR 2 1 2 it 4
G is Ak o 4R T R R BB Y K A
AL SR IE AT AN A BRI I8 AT B, B R B 28 AR
P i WA 7 A B SR AT SR SR A 4t A ST it
iz 2 A5 0 Ol A7 A — S0 R AR PR TR G AR
SR TR T BRI o /i T d i
SPARTT BRI A B i 2 LA
F IR | A B IR TR R, N AR
JRAR G o A AR B A T A A I
LIRS A 53 3 T I — 2 9 28 4 B, 4 o e B o
RUUHE B 22 5F FAR R A R Fy o R, N T AL SE A
07 T 0 O ARy BRAE o R AR LURS HE A
AL/ 80 B 9 5k B, LG 3k UL SRR T 0 B N
S PR 4B 25 OO Sl B 52T A I J5 A R RS A TR
PR iy ffp ke b 3R TR 30 7] 5 B AR R 5
B B e R RE AT . AR XN T
A A 10 0 R DL S 45 I T R A A SR S
FIBETE H 45 TR, 8 R SOAS 42 41 T H R S Ak
FAAOR UL, Rl R 22 2 BOR BB A 5 SE R Rtk
A — BU M SRS 5 M AT AL AR O B0 5k B A B
0 R RS E 25 SR B 5 B S A PL AR R 48 I fig
R A 0 23 SRR AR Ml e i A 5 1 it B B Y
H iAo 7 BT SR Sl 1, 28 3 42 i — Fi ]
B Y SR A i R T %R K1 HL AR A (robotic
process automation , RPA ) AR 51 A 1) 1 57 B 18 46;
IR, 52 BLAIL A N BOR B PR R G B TR B AL, L
2 SRS R G R AE PR AN AT A . S kA
I, 48 H — b I 1) S S A AR R 2 RS
(RUIKCRER VAR Rk AN YN SN 2 LK
SERICHR | $hE T8 i 5 o A ) A P R A . 9
BB R RGN, 12 T A R
725 ) RT3 AGE e o A 0 5

1 HEXTR

UTAE R B N TR BE IR I 40 8 52 45 i
TR B B PR A R R ok R % AR R T T A SR
il £ BE Az Ak 40 2 R WS B o SR AR Mk A
A MARAE R R I UG T — 284 Hr (e 1 BF 52
R, g T AR AEBILAR N B B A 3B M D3 A
B G0 BT AT A B T B N T 5 A A
B A ORI O 2 2 I R R AR AR T Y

A R Z ", W El Marai S5V T 3%
TR AR A AR W RN A3 BT B T 5, O R B
T3 A 3h 25 3R 42 1 OGS T e 4 it S0 ¥ . Kim 251
P B 2 5 fF B B A (building information model-
ing, BIM) % 4t 5 1% #fi & B (facility management,
FM) & ¢t (9 4 47 TAF 10 5% 04T 0 AL DGR 5
DU B A S0 4 B BIM B0 76 15 it 4z 8 N 4t 4
Wy Be i ] o b 3R W 9T O ol S 4 A i S
B A8 B AL 7 ) 3R H AT B AR BIM i
S B S B 2 e SR B S I s A TR S Y
I IR 58 388 /0 05 K o A 158 48 Bk B A I 0y T, R R 2
> FE B kTR HE B T A R I R R TE ARG R Y
Jop MO e RS AU Y — R T A A |
(0 it AL B AR A 5 A 3l bR T A A I 5 s, R
PET& Tt T AIUARRS RS B o RAR 3= SR B R B
5 =4 BIM BCR S G 6 B vhos S k47 17
T A A W e A B RIF 5, I S Bk e PR Y AL B
(R T B 3, E AR T 37 5 A A B ) B — Bl B R R
ZALRE ) B HE AT A R i .

VE Ry — B BEAR N T A Y fife T 5 28, BL 4 N4
AR A B0 4 A= i JA R BT i TR I A 45 B B
B B R R e R A T — )
TEK T H EFM LG ARG, T KB b R
AEMRLI . Wang "X Tk AR B HLER A0 B 2
AR B T — R AR S PR TR
ORI . Bai ST — 3k TS W AR 1
HESMILS ARG R R BRI TR T
K S . SR, A By HL A N R 5 K £ 24
A Y AT PIAT A 2 A e DL AR 8 B 37 A6 T 45
FH E A PSRRI S R . ARy — O % A
MALEAR  RPA BB A RTERM RGE FHATESR
PEEEAE RO AT Ay, 38 o T B R0 RN 240, AT DL AE N B
WA RS ET R S R ) A s S
PR, JEAE SR RPA R B & A8 d TR B A
B — 5 By RN BRI AE AR SR it Y AR K A
Y ,RPAHAR B N TR AL TR R B B . S it
(4 8 R A 5 BB - AR A R B A AL A T L BL
i N 5 24 52 R G AR U PR, X 45 1% 50
8 R By i R T B R BR RN, i RPA AILES A
15 28 G0 10 4 RN D3 R) R T BEAR A b A R b 3R )

FET UL EWRE, 2B B e A SR BB R S
] A RPA FAR 3 2o 4 d 5 1 H 00 -85 700 il 5 1



46 AR5 xR FROPE )

% 47 %

A eI S LA IR T BIM B8 2R
TR TN 22 B I 535 W T RPA 5 (19 BL 34T 55
PATRE ST, 1o HoAE Al SR A AT 55 AR SR A A
55 MR 5 T RERCRE ), ASE B o
RE I £ SR B M AR R G RN G A 5
A BLAT B Y Jm R, Ay sl SIS0 Y B i A T R B
A H A 2K

2 XEEA

2.1 BB FFLERAERNE

1% B8 B 7 20 A Ay 1 R AU T BIM £
A DL TR S o e A A R TG 1k R ) R e S AR
Titl (14 80 25 A8 Ak, Mk LA T A2 e AR AR 1 1 45 SRk
R, 33t T 56T BIM £ A4 5k 190 2 55 4k 1 TR
A UK AT TR Ak T S I A AR A R b 5
A it DR S A P A ) 4D o AR i A0 LI R
BIM JL fa] #5780 %50 45 5 B0 3 4% 25 0 10k ) A% R 2 ok 4
()32 17 B AH Rl A 38 3 3 57 S 80Tk e I 56 R A
B 5040 3K sl BIL I S B0 0L Y 1 Bl 2 R
S WL 1

BIM Fl 4 ¢ 9 1 A 9K 20 455 20 0 3 0k 5 1% 4
TR LS SRR 1. B3R 1 n] UA 26 8000 U5
14 = 5 A LR ) sl A O T R TR IR
B 7 ik e T A b R R B 1E RS A G b it A
B NN S U SV 2l S P SN ET
UK S AL, AL TR L B Y RLOR i
ST BT AR A AR S AR R i bR S 1 TR 2B R o
1 . 38 I BIM B 55 9 106 I 508 1) il i U
TR i S5 R B S R R, B A b AR B T B AR A

IARFRESR . ISR A K E R FELE RSN
R, I E 2, FERCIE SRR S AL BB B, R g A
AR ECT BIM A v iy OGS LAl R AE R S M AR D
WARSR L K FEH R (K 1. 2m %6 0. 8m & 1. 5m)
A E i (120 mP/h) B fAlG T B8 & 1 6
T RS L B T A A SR AR Y S I B L G A A
S K ZE W T 7 (4.2 bar) o 3 5 BOPE 3 VB S b
WAL, R 40 25 bR 50 (8 Cln iy 1% Js e s 5 80
TR RO, IF 58— S (WDKE bar ¥ 34 Pa) ,
Ji S AR AP I A T L VR O B LA . RS AR A A
AT, RGEE T BIM B4l A i kg BE 1 3D JL A A5
R LS KBS KA B N AE B A IR B LA 3RO .
[ B, N7 K S KA S5 R & s 1T S80S ThBE 2L
SRR K A H-Q th 4 (H=40—0. 002Q?, H:
T H AR, Q R i) LA R A A B £ IR A i e AN 22
HIB R AT AR i K A0 S 15 32 g (K8 K AL
BT 1L5mi R, @ T 3mifELl). LHTHS
540 5 B BAT NI A LS G R 2R A R e
B R Bl 2 0 1) S5 Bras A7 R A . 38 i 57 BIM s M
55 366 B 00 X6 I 0GR L Bt T 2 BT R R
filt 2 HLA o 9040, KRB B TR R S
HLHL I 1 R 28 0 O B6 , FLU R T 0 SRR K R i8 17
Fh g KR AR <K A T ) 5 R A T B
ORI, S I T K AR 3D B A v Y K AL BE . TR
TN 455 24 K 2 F R D AR R 2 50 kPa B fil %
AL B Bl A 5 min 3R 6 SR — IR A S EE . X
A 23 8 TSR ML e UL Y 8 S A 7 ) B S A
AR S AR R B F 2R A AR 5 L PR K B s R G i
AR By v BE [ 25 o

HHEH
AR 1

: TR TE T
ik i R

AR
SERTA M

SR
APRRZS

f-»{i]

o

Bl HEHEFERBRYENEENSERNESE

Fig. 1 Dynamic data update logic for Internet of Things data in dynamic digital twin models
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Table 1 Comparison of traditional BIM-based digital twin modeling methods with the proposed hybrid-driven approach
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Fig.2 Dynamic data update scenario of BIM model for

experimental domestic water pump room
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Fig.3 Temporal interaction logic of the multi-modal feature fusion algorithm
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Fig.4 Multi-modal feature fusion network framework for equipment system defect detection

2.3 BHNMBARINEEERNSERAE
TEHCAF AL e A SR AG A 55 1 8 BE 981 32 5 T
A G T 9 AL A ARORE FUISE B9 [ S AL D i ) 2 A
IR X LA X 2 2% 2 AR WY ds g o T TR
B N B R RE A JEE 28 48 W) AT L3l ek 5 9 ) e
150 H 3% 2l AR S B AR MR R Y R R i
o P, TERAEHLAS N (RPA)HORHESE Ay i 1

B J 000 A5 Y Rl A 1 A RE R S PR B T
P RERL R AR .
D &= (5) PR B s R4
P(GIS,A,R,M )=max [ P(G|S,A,R)-
P(GIS,A M )] (5)
KA :GHEHR ;S B UFLRE ;A BRI R R
RN FE s MO 3% RS AR R KA TE 46



% 54

BN F AR REIBARRRIT S ZR 49

FAF T IR H AR R HE AR
2) 45 F b bR BCIE — A5 i ik S R0 HE R 5
AR 0 A 2 e AL AR (6) R (7) BT
P(GIS.A.R)= > w, fi(S,A) (6)
P(GIS,A,M )=g(S,A.,0) (7)
A oo, N ¢ RS 5 £, Ay X L 04 DF 43 bR K5 ¢
e 5K B 455 2 1 M 3 T R 85 0 AR R B
AR R A SRR B R R A S

[ S I S S 151 i e S ol e S I N TR
FLU AT 53 bR R MBS 2 8 0 H I H A T AL
2 e T 0 e 22 i e ORI TR R I 4 R T
F G B AR ol Y Rl AL AR TSR
WA R . A AL B AR Tk
Frek AL BE 1, o 5 2% & 48 10 4 fE P[] 42 o 42
BEAT ) SRR B BIL g N BE AT 55 AR U AR T
5HR o

(7t | ommanig o st |—) INebLa 3 | — o] s eomni o e (5 musk e mneinmus —ef ok |

5 BRUNBANRAEESIERE
Fig. 5 Workflow of software robots for scheduling tasks
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Table 2 Comparison of software robot and traditional system integration development methods
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Fig. 6 Experimental scenario design of the software robot system
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Table 3 Experimental scenario configuration of the

software robot
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Fig.7 Scenario of automated activation of remote inspection functionality in software robotics systems
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Table 4 Performance testing of the multimodal fusion

intelligent detection network
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Fig. 8 On-site verification experiment of AGV mobile

inspection robot
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Fig. 9 Task scheduling interface of the software

robot backend
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Table 5 Performance comparison of different defect

detection algorithms (pump room scenario)
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RetinaNet 95.80  95.30  95.00  95.15

ZRSA (RCHFE) 97.40 96.90  96.50  96.70
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Fig. 10 Efficiency comparison between software

robots and manual inspection
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Fig. 11 Comparison of human resource allocation

between software robot inspection system and

manual operations inspection
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Table 6 Comparison of computational efficiency between

multimodal fusion algorithms and unimodal methods
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