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Construction of an Intelligent Diagnosis and Early Warning System for Hydraulic Hub Safety
Based on Digital Twin
Qinyuan Deng
Tarim River Basin Kalabelli Hydraulic Hub Management Center, Kashi, Xinjiang

[Abstract] To address the complex safety challenges faced by large—scale hydraulic hubs during long—term
operation, such as the evolution of structural behavior of dams, seepage stability of dam foundations, fatigue
damage of flood discharge facilities, and reliability degradation of metal structures, this paper designs an
intelligent diagnosis and early warning system deeply integrated with digital twin technology. The core of this
system lies in acquiring full lifecycle data of the hub through a multi—source perception network and driving the
collaborative computation of mechanistic and data—driven models. This enables real—time assessment of the
operational status of water—retaining structures, flood discharge structures, and key equipment, along with
precise diagnosis of anomaly root causes and advanced warning of potential risks. This paper elaborates on how
the system is specifically applied to monitor and diagnose core safety indicators, including dam deformation and
stress, seepage fields, and gate vibrations. It details the closed—loop technical pathway from data perception to
intelligent decision—making, aiming to provide a practical and implementable solution for the digital, refined,
and intelligent transformation of safety management in hydraulic hubs.

[Key words] Digital twin; Hydraulic hub safety; Intelligent diagnosis; Early warning; Seepage stability

ElE

KRR LI 2 4 [ 5K 2 A g IO B B0 . SR
PRI, . BRI TR G, KT R AK T
FRABRE ST, MR R A 58 iifi2 — P R
BEAF I NEH AR . A4 55 % 4 i I 1A 38 MR T AT ) e e
e Bl A BB, A 2 25 SR IR« X DA ) S0 e S s 4
BANERS, s 1 > B m RS HEWT A BE A4 N ) 5 o3 A s 5
it R4 e St AR ) ORI ANURR, VB s T
TR ] PATHLAE Bl B 26 A 9% P sk = A R 0 T

B 2R E AR SR PR A 22 2“4 BUREN . BRI
Ky BTN $RAE T AR, ASHT TR A TKRIAR A
LA RARI A, M S BB S B RE) . B Re
B2 R AL R G AR B AL S =, S —
M REMREIILAEAN R A MR R, ek TS s
BEAT A BAHE 5 22 ST (B A R AR o B ff o el R P %85
ARSEDI KA GAIVER . BT E . B =K% 0 4]
R RRSHEIE 1, HESh 2 i BN “ Rzl R )« EZhHE . Bl
DPEAES” PIRRANEFE AL .

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 111



Hydropower and Water Resources

IR IR FY
F9Le% 10 WA 1.0€2025 F
WEAM . W FIS (ISSND: 2529-7821 / (FFETIS): 868GL002

1 AEKFEALEWEHFEENESEHS

KRG TR 2R, & DR B S RS O
SR, SY K RIARATE 4 A R N B Rt 2 532 HI A
MUK . HAZOTE T8I S R AR SERTE0E 0K 5) 5 4 R o
T, sSeBAR AU AT IRAE RS HERU 22 S B MR E A S
PR BB AT B 44

L 1O P

A B R R BT W S SRR EA . RS, M
M _Em =S 2 4t 2 RS EY, JEFI A S £5di k3l He
TBAT, AN TE B0 25 1) HR S B B Sk 19 4 A iy TR B 55 i
. RS — g & HEAR . Bram AR A 2o g 57
TEZ KO ERNREM A b

(1) AR AR B4R X T RS =4 LRk,
BT YL RSB . 4T R ST i B = 4 SR R
JUI 2 RN b AF 2 e 8 RS R A IO I S5 A 1
52 2R B (AN FE K 70 LR AR AR) 1 FH R (820 AR 43 A, DA%
WUHEIB 3% B P /KA D BN R B A e LG P2, Dy 8 0 T 25 VP 2
PR S B SL R

(2) S I 23R 2 MM o AR SRR T 18 T A DG 1
BEAEAL RAR LS, WA ONSS 5 M EALAR A CBEAARARTE) L RS TH4H
(RERLT) « BRI R 550080) . Rag RENH)
FARBAE A (1T SRS ) o 1 22 Y5 I 5080 1 R 8
N, TR T B 2R AR AR RE S [F) 20 R WO B SR IR LIRS, 4
R “HEar” B ).

(3) 1L W T 2 FL K o ZAZ O T RE I T A I 1) 2 VR B
SR E AR, B A R RIT SEA T b S,
AN e S5 ISR TH I G 20 9 ZE LR B M2 W, 58 Re A9 41
AT AR A 5 P BRI R, ) AR SRVETE U HEAT T 5 TR,
IR G SR L

L. 2R G AREEH

REFARR. HE. AL R, B SNHTLZ R
HRRAY, R R MOTR A B0 2 R BB R SR 1) S BB I

(1) SRSl 2N, M T - R-H-K-T.” —fF
L E I % . BARE AR F B R 45 A 2o £F 7% %
(DTS/DAS) SER BRENVREE L HUAIR 3 5888 R R s R &
REFEW AL L AHIBIREEAR; RN | S B S SR A A
VLA IR, FETEIRUE J3 PRI % SR BCPE e il v M A% k2%,
DASE IS R 4 S 45 K 98 57 5 BE IR AS I S 428

(2) Bt SHB ER R R SRR . For, Ff X 61 5%
IR 22 V5 S A s DU S0 iR AT I PP A A 3 A S5 T AR,
TR B IR 5 R K AT - B N B 2 [A) e Ja o BBk, LA A
TEEE X KL AR AR A R B Rk i B 8508 A5 B A3 . 1558
A DUV AR HE A BRI I sk S AR R SR IR 2R
AR, EFE T g M FR B A IR TP
OB M QBB M. &) MBI F T iridae TR
A5 T B AA ) 1) 5 (CFD) #5515, DL R SRR & %

(R s TIN5 i 2 (P A2

) T H ST H R R BT AEARISAT ML 5 % %)
PRSI A B B (0 24 B P K ), e PR L AL AR 7R i3 4T
SR B S BT o A7, AR B R R 24/ N K iR
FELR A, 11 FLR e DR AUAN 5] 171 11 A5 58 °F B0 R i v
S A, Sty aE 2 AP S gt B KT

(4) LW 5 Vs 2R RS RERI R PR BL K2 55 B E
VWD R X LU I e S AR A B R, R R R S
FUR LI AT 78 R S i 25 T, 2R G001 3 SR I X Sy
T H BIERREE NI EE, BEAT BRIRER 5 7047, 00 7 A
AR« Pk 3 AR BRI S RIS, )8 R T
R F 1 A% 5t [ 52 BB T 12, e R g it el (SPC) 55
WLES 5 IR, D9 & MW s el 57 B 0 S U R A, R 2858 e
R, BRSNS 1] PR T A R
TR, AT SEEL S IR 1 DU T

(5) M 5 AL H R N R G SR P R 0, R4 =4 ifl
LAY RN EIR, MBS SN =
P B IR ENAE S5, B B InAEBIMAS T B AT — R AL SRR -
BEAh, 2R SR READ A B TS D e, 51 0 76 222 [ A AR ) ]
JA AR, Al AT S RS K52, J9iaqT SRR it 2
Gy AERIRE A

2 BETHFFENKANBRAREERISHTEME
TN

BT 2R EBORAE K MIRR A % 4 P A% O A, AR B L BE
T 2 IR SRR, ST SR A B R Sk
BATPIREHNARFL W S TRINVE4Ed . AT vE XS T . LR
73 3R =K S 2 4 ) L R RE V2 Wi 5 T AT 0 A o

2. IR TR PR R AL G R Ik 2 22 4 RE S I 5 T

RINIAZ T 55 N 1339 7 VF Ak HL S5 4 1 36 % 4 i LR IN 4R
bR A ARG R R e R U AR 5 St AR PR 3h A8
B, SEBL TR SRS IR HEC T . AERORSKIUZ T, RN E
T B (a2, 515k &Hn) [ S ROE R A R
TORERY AT ) SEHE AR T RENS RS T RS IUL TR It 1 RO R AR 1k
S B U ST AR A S I AR O, B ER T BB AT

HiZWr 5TE RN — A K AP (1) SR 55
BRGNP K AL S 30U P 3 e, SR Eh 28 1 B IE (AT R
TORERY, {5 FOTH S A LR B AT AL & T IR AT 5 BT 7
Ao (2) AT 2 YA LU o FEONSS | AR 4544 A 1) S I A1,
507 FAEAE S I (B3 & e) 5 I ) dsk (42 i il 30) 3
ITRGEHO . BRIV BB DRI “ ST R R T
D7 FAB B ANANE RE VE DX 18] 7B 7 AR I, £ 2 B BlE 5 7 X
e (3) A Bh 2 YEEERNGEMT 5 TE . RS0 H s RPUZEH X
0 s 05 A % RS B AL fh 28, IR B M iZ X8 TR
A SR GETT 5 FEAR A, 45 4 S AR A i e
T RBRBETE AL A AR BE K UIR A, el AR BRSO =,
[Fi BT 75 R TR o 5] 0, o 398 Ay A0 T T ) 300 S 37 e

112 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Hydropower and Water Resources

IR IR FY
F9Le% 10 WA 1.0€2025 F
WEAM . W FIS (ISSND: 2529-7821 / (FFETIS): 868GL002

FRE KT 07 HOBIIE I BL R, 2R 05 PUE SRR A7 £ Lo i [ 45 07T
R S I PAY AR e XU

2. 28 TR AR AE MK IR AL B T de € 2 e B e 12 b 5
i

B E T E R R B 53IUR I % 42, —EUCTRAEL
ARE RO RGUE M S S R AR S
B, ST B A B Bh ARG 5 ARSI A
ARSEBURI T — D REE S AT AR R ISR K B B, %A
T 55 AL DXV 3 o R S A R I P i, AT Y e e B2 %
W B SEAFXNE TR AR RS . 12 W7 5 BUE R 4G T8 s 48
XTEL: RGURAT BT I GEUBR 2L K35 T T 90 2% BT R AR I S
TFUREK s 3 Bt 552 T i B K LIRSS i 1 A5 R
(WABREAL M SR AL B) BEAT A, RS EEROXTEE . 12
BRI RE Y, R GUT b AR ARIEAT R, BB R
B BTt SEVHE, PARGBTRE KT (R RV I ) FIAZ AL
o — FURIL TR K AL H B0 57 4R TR, RGESLR1S
ENEREVCWT S P . IR R A A P R R T RE R
AR AR 5% (U 73 Y2 Wi e = A0 2 2 AR R B HE K LU 8) | D
B EN R 5 S B AT TTACE 20 4T, AT HERT H
I3 AT B PR S5 PR R 2 (AL B 0 T L, RGEC RIS
VB S TE MU ARSI AR AL, TR 32 S W pAY 3 XU (1 G B

(RIS L
2. 3IE T AR AR I KRR A < s 4 Ve 6 2 B e 2
5

W FE PSS 42 )8 2 M A0 4% (R SRR B VT e 51 R B
GG R BT A AR I RS M S AR R T, SR T
CHIFHMET B TS R, BRI O RE
KA LEREIRAN . BT B T S 4 M A% IR s, i
SERlA T LA R 5 HH DX S A T F e TN 5 R 2 (PHM)
RG Horh, HUERRLRY (Un 5462 71 FAE L) S T3 48 7 i e ) 2
MRV, B SR A4S A (s T 3 02 P 25 LS TMI 3l 4 75 i
TR ) TUAEKC M s s b 7 SR .

HeW SISy mBEu T BT a A iREk
W, FrER A I THE J8 P FE T IR BN | SN AT IR A 55 50
AT R . HEAE, I HOE R B A B AT S R R AR,
YR BN AR P I 4 ) [ AR A DG 1Y) S VAL, BB T I
FE PRI B 575 (b T R AT I, R SR R TR HE 9 7 I R
FeRAZN . 9% 57 RSB R A b IR H T . 7R ARt
b, PHVAE B AR A1 152 4% 1 R 10 77 S0 AR A0 B0HT , 000 S Bt 30 44 1
AL A o, 03P AT 2 A S A A 2 4 98 57 A
AT E W A I 3 A T e 440 T8, #8 I A
VRIS AT R RS, B O AT U o

3 RELUMMTEI I 5Bk

3. 1T

A RGIEE B AR AR AT M, TUHAE KRR A %%

A B SIS Yk RS IR T . ARV WRAE 1T T, RSB
R B il ZAFRSEYN RIS S, BB
Fhxt GER S 7 BB B A 5 e MR . AR TIUERAL
il b, A IR 20 B (1 e A M LS5 S BT, T SE3nt 2
HEFRE PRI 515 IR IR AU I U, 56 T o 0 A A A
SRR R EUR R A, W AN R 3. B4,
RGUEE T U 25 S IR A M 00 5 00 4 4 P A, HE B i AR X
o SR EARE” 1) “AUIE LG 7 A8, 10 LRI e 4 0 [ B A
Gk BE GRS S UEE AL, B35 RIS 4k AR IR TH B IR R F 2%
R, BRAh, 18R AB bR AR K B R i TR, REGAT 5B
AR A AR AT 24 SOPUE AL 5 JE RV, AR AR S 1
FESRBERFZAR Y, $THHX A LE M 2% AR B 15 o 1 e

3. 2Pk

SR, RGUAE R S TR AR T I T oGk R AR Pk
oG, AU 5 ACR Z MAFE R P IS, M E A AR A
ER BB VA S e B B, (RS R RO RER G, A DA 2
SIS B R S 7 3R, a2 5| ALY IR T  E
BUETE VLR 3 T HOIR, R BRSO TR I 4 11
B S EAR R, AR KRR AT A 1B ST, AR
WRIF R, T REE ) 5 B E S R SR R Gt n] S
KEEMAHNE . BE, MRME 5 REE RIS N EERE, 0T
W R 5 I B M 22 56 VR 280w 5 w5 (2 W R,
5 B0 OIX B A TR S B TR P R, i A LA R S e AR
BREILW RGHINZ oM R

4 EFRIE

AL SRR FIMR A %2 4 B B A% O 75 R, RGEMEHIRH T
—EREME TR AR IR R B B - A
~PiE-Wi-TE” (RGN, %5 2R EARA B JistT
RASHE WS 22 B AT R R L2 0], B T =K% e
SR B AR AR R R IR R, B EM R — A S EIAR AL [F) 25
BAT RSHAKERERS, WA “ B E R RET” N
TRz S mEs TR ARG A L. B
K, WFFOKG R A TR R Ak L /INRE A 5512 R 45 S Bl A o
HITR, REHESh % 1Ak 22 INER VB MY AR A () 4T TRESE R, /KA
SER R 1) R A S 2 A AT IS AT PR IR S S A

[5% 3Cik]

Ik EREFEEETRFEENRINE L%
W4 7 %4 52 [J]. AKF % 4k.2022,53(8):899-908.

(1% B &, Z#MNAANF AANIRHEFEAFEME
5521 A A5 BA,2021,(4):1-7.

(31X A8, GF ZHM. B AREEEENHNTEAAE
R R EHAR G PR I] AN K B #47,2022,41(3):1-12.

EEE:

AR (1986—-), B, iR 3%, i FA KA, TR BRI
B A KA IR 4L LA 2T,

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 113



