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Application Status and Development of Robot Technology in Urban Water Industries
XU Jian" , BAO Renbing, LEI Peishu, ZOU Lei, WAN Nianhong
(Central & Southern China Municipal Engineering Design and Research Institute Co., Lid., Wuhan 430010, China)

Abstract [ Objective ]  This paper aims to explore the current application status and future development prospects of robot
technology in the urban water industry. Through systematic classification and analysis, the study examines the application effects of
robots in reducing labor costs and labor intensity, summarizes the key technologies of robots, and identifies the challenges faced in
current applications and future development trends. This research provides a reference for the intelligent development of the urban water
industry. [ Methods] Robots in the urban water industry are categorized into four major types based on their functions: sampling and
water quality monitoring robots, pipeline inspection robots, patrol robots, and maintenance robots. The characteristics and application
scenarios of each type of robot are briefly introduced. Additionally, the key technologies of robots are summarized from aspects such as
motion and power, image and voice, communication and control, perception, operation, and comprehensive decision-making. The
paper also analyzes the issues faced in current robot applications, including adaptability, reliability, stability, maintenance, and high
usage costs. [ Results] The study finds that various types of robots have significant application value in the urban water industry,
effectively accomplishing repetitive and high-risk tasks while reducing labor costs and labor intensity. However, current robots still have
deficiencies in adaptability, reliability, and stability, requiring frequent maintenance and incurring high usage costs. Future robot
technology is expected to develop in the direction of better reliability and durability, more integrated functions, higher intelligence, and

a focus on green and low-carbon development. [ Conclusion] The application prospects of robot technology in the urban water industry
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are broad, but further optimization and improvement are needed. Future efforts should focus on strengthening technological research and

development to enhance the adaptability, reliability, and stability of robots, and to reduce usage costs. This will better meet the needs

of the urban water industry and promote its intelligent and sustainable development.

Keywords robot urban water industries water quality monitoring pipeline inspection inspection and maintenance green and

low-carbon

TEMBUR 54T b K RSB 1T 2
REM AT L4, 7w TAERCR BN
SEM—SE TR SER R I T AR BT A A
W 55 SRR FE SRR 55 A olk B T A% Al A% A
ApLar A Blae Ng& DI REA A 73 n] LUK S
PURE  SRAE BOK B IR A B AR ISP
N L A LR A

SRAE K i M LA A AT LA sl B A
58 BR FRAE B A T AR, A LASRAS A TR A I
E WUBCRAEINSE | [ 72 {37 B et M 00 45 LA /K A
SRR B AT Al TEAR DN R AL AR AU
A AR AR I A AN , T sl G A T M e AL
AmAl A — AR DL TR AR TE
R R MER TS B0 . 8 AL AR i U AT
PEAT AR IRAE A, HEAAE TG ) 3l 4 38R, S BRI
RS HCR kR S I S A5t 38 B9800 N B AR B
SCHUE ABAL AR R H AR, RSP RRIPLER A
FEIF H KN LA AT IR RIPLES A, K
T LA A TR WA AK ISR I . IR
FRBIL e A T A8 L B T ) A U A3 B

ARICRGMHEL T H ATRBUK 55 7ol B
PLES A, IERIHLE NI BB AT B4 B T H
RSB 55 A7l A AL gte B A 9 R B i s 1) Bk
A, REARRALA NBAR 1 A RS BEAT T, 7 e 90k
BUR AT E RGEH T LA NBOR R A g
I BEAR
1 HEAFZITIH R AR KR
1.1 JKBTREREMENEFA

I, ZE3REEL K 5547 M K B 00 R N L
SRAEDNE MUBCREEINE | [ 7 BAL AKX 3 M7
A (X SR TT BA G B B3 2K AL
FRBEIRVA B B 5 [ B A Mk LA e A5 R
N T SRANEA L 3 FhORAE R S A I 5 A Bk AL 25
FlRAE KK BRI AL # AL 3z T AR SR A KoK 5 i
IZEHLAF N3 7K R IR A LS A FIK R R
FEMRIHLER A o

L1 K ERAEMEALES A

IK L RFENLES N SME Z 0tk & b e i
K RAE R GEFIK 5T W R 52, T 58 1R H a1
RUKBTERS B E R H SRR S, — Mk
PR R REH FE AT K 2 L/min DA b AT RHE RS pH A
iR (FER N 0~20 mg/L) .COD (K 0.15 ~
500. 00 mg/L) A (HFEH 0.50~1 000. 00 mg/L)
EMRE (BEFEN 0~ 1 000 NTU) Z8K 45 b5 #4776
LRI BEACER AN TXHATIE YA K 2 i A K 3
HEATIK AR IR Wil A B K BCRAE 8B40 7= b A AR I
ISR T e T SR A ER B L R BE(GPS)
FEIEIETR R 45 (SBAS) & AV S FE P 3618 50 em  FE
85 em, RS SC L [ 32 FAT, 0 B KR AT B £
ok 2 2 P IR [ A% SRR R e T R Sk B AT LA
SEPL A Sk ISR A RRBGIER YIEE . TR
PLES ANFE 2T LB | G E S A a] SC ks
UESCHE 118 ST s A% i 5 2 03 6 L 0 (R 00 1) o e
STEERER ) A A b, B R
i H RS RE DI RE AL & A B 6T &, K
R T AR AR SR B8 v A 31 ) M e bk R
FEE
112 JKRRAE LSS A

HATK T REEMMALE N Z R AL, —
LB K 2 k) P68 254, ml FH T i v L K&
T3 WA A SR A O KR R G LA M Bl B4
il R 48 40 B, T e TR BE — i AT 3K 300 ~ 500 m,
Hrb KRBT ARG KA SRR R
g GENL KRS I R G R AL AL
G0, Wi Pl F G0 ] it 48 4k o o £k iy =Lk
TiEfs . o B R R 2 A KTF 8 H
e 82 i 2 2 2 ok S AL A% AN AE K T 1y i
iR TR BER BRIR e m SR, KR R AR
B R G0l T AEAIL A N AS R P S 18 A 7K R R R 1
W) S B, it 7 S A ol FH T AT R RS S R L
RE, YHLEE AATIE B bR AL S, 0T 3 i 4T T
it 7K E 1) R R 1R L AORE SR A K BE L 5 0 7™ ik



[ RSN

SREFUK 55 A7 AL a A BOR B R HTBR S K Jig

Vol. 44, No. 8,2025

AL 3E o BB 2 AR K RE R SEBALAR N — IR K,
Z R, W R G A KR | pH LU AR B AR AT
XK BT AT W 8 o 2 A Y 8 A5 S RN B
HE IR A AT DL S K T R0 G S s A% B
1.2 BEERNEVEA

g g AR Oy 5K, 75 BN T8 i HEK A
KA 4 T AT R I e ) (E T HEK A
WHF T, G558 %, Hi5KEE N H RERER
B5 e ffb & | — S 8 AR, S
AN AEAS N T AG AT T8 XE LASEAT Y ATtk
AT LA 2 R A E R LR A AT
DASEBANSEZK R BRI, AT LIRS B Az ) I A7 T 61
DURR LA S A8 TE R 408, 30 S 45 3 A I R AL 2 N 1 oy
PR A A IS TR N 5 24

RGBS N0z 30 =X, 7T ORI o il 3=
iz XM shiz s X, HrhFE8hiEsh i,
TROENLES AA S5 T 3h S, AR il b iy iz
shn¥s, Eahid sy s T g s il g
o, 8 HE B ) 1R A TG IS I8 7T LA TR
AL

A ENLA Ao A R S R, 4
R EALIS N AR 5 ik HHEAR % SME i) Al
FAUAE AT FEE B AT E , A S5 R B 15 5))
RIGORS, BT HATH B, FEREASES
PEOEIHE T | PR AS TS T T3 R AR 4518, 25 5 th
MERITIHECE DY FMER IS, feUEE LA

FEE T 75 DN400 DL Fry4siE, 2R
NS ) 225030 H SR 1200 X FR 20 A5 14758
SR H AR BN T N B T AR A R I B T,
AR A B AT, 3B i B AR R g
¥, ELA R ) A I AR AR

JE A A BN AR R T 8l , 58 RE
(2 Ml T ARUK RSS2 1R A B i@ se )y, 2
A T IR S LA B 5 2% AR LA A R
S K, — s T AR AR FE DN1000 D 1
HiE,

oA TE LA N 0] 43 0 8 iE =X | 15 A4 0% 3
eI, EE A ML R FH I8 = 1
i, AT /KT L 386 A IR M K s A 7R AE
DN600 DA I (45 T8 sl #4007 L 0 A= 0 o XA 1
HLES N RE G M | — 38 3 15 S A% 1) i 42
gl HIKg Sk, 5k faf o (R AT SN B 18 . de
ARG BN NAVFZ AT, oI MR —FE R T, R
TR, v LA B 2 A (i T A R

B ahiz gy A TEVLA A MRS E AL
N ARG TR e, R RS & N iR sh,
FESVE BRI N Z R Az s, — X
FRAILER AR 5 53 1A ML R A, B A5 58 3 5 LB
FEAR S Ab i e o (A HAE S FR, st —
M, A SAE TR N IME AR S S TS M
mE 1 i,

R AREERN LG NIMERE S T
Tab. 1 Appearance Properties and Applicability of Various Pipelines Inspection Robots

255 M A, A
F3hiz st Ly R AMEMTIEMIR A, SR 5 Dk B — oS S BN TE AT AR AN IS RS
A% &I 5 B TR 1E DN400 L _E A4S
HER g BB T BE RN AIFERE R B 0948 T8 P AT 3, 340 77 i HL A I AR
A3 N 5 DL AT A5 425 DN60O ~ DN80O
i, KRB TR 8 BRI 0@ B, —BEE FH T 4278 DN1000 LA
LRYEIE
it BUGEREhN CRAEBRE AR R Bh T8 AR B B i KA R AR DNGOO DA I 14 18 1
H R
PiEIEshat ARl —REE i RS SRR AR SRBh K, AR (R AT Eh R A S
451z o)
(7|75 BAVFZ AT 0] DG — R RGBT, v LA B A IS, Bt 2
wihizzh  EPE TUR BB B AR TSN Hegmnm i b REREARAY SRR, B — i




weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 8,2025
August 25th, 2025

1.3 KEZEHEA

A IS B RS A F AL 15 T 2] 23 e 2
LS ARG AL A, Fe R pLas N 2
AR T A V5 K AR BT 45K )T A B B
HH AL A F 20 TN ) A
B
1.3.1 Rl A

AR LS N 2B KA TR B THRAT I = 1
WHZ G, HLEFEE PG AR AT IO i 3 H
= 5 AT DAL 3 24 B Fm BE 20 NI B8 s L0
RS SCB 30 fE OB E AR £ I 1 920x 1 080 14 &K
DL B o B . RATRE A FHREFE T AR AL#8 A
XA TA] e BE RS H bR 28 736 Mgt A 7 W, B b 3RS
MLEs N RS — Mt A E MRS JCLmIN RS
B ARG K IR N, A EFMARSK
AT DAEASHLA N\ Fe e VR A 10 SR i 4 R A 7 3RS, 7
SERHRET/NT 1 em, SEMUAF A AT A 8 h, #4548
ik i A TR A AL AR T HLES NI BE E Sl it A 7t s 2
I RERY, S B Bl R R DI RE R ARG R
% RV AL AR v S SR L R ) AR ik
A A AR A 2R SRR T I
P& 375 SUE A BRI A 0T LK R i S P A T
WE AT SEELRG fE AW X E, P Blas dE K
&, FEHRNTEEE (AL FHEIR B R G LA AAS
IXRERE XS 25 FANER WAL TF I PR B EGIEA TR
SRR A 0 UL SR B 254 T W 0, S+ 3 2 I 4 3 T
FA G S [ s il 0 A% B OR BHE | A R SR
A LA BB )iz 4 A5 3 3R 0 % P i 4 6 B R
PME AN BB Ab
1.3.2 #HFERR LS A

HP AL N Z 0 H TG 5 455
A R TG A AR BT 3 R R A
HLES AR HLER ABIUE sl Jo4fs 25 8
RELEREIIT-& RS, AGHLAF AR EHELE &
773 AT FEER L AMEAR AN AT DO g v SRR L
BOET IR ARG AR T LIS BKF 3600, 3 B 90°
S5 A W PRSI | [ Sl 5 b Gz R g o
DL REUN ST RE . HLER ABLER BRI A 4
ERLHIVE , 75 225 7E el s i R e % . B i
TG KA FET G LA ABR T REACER A T s
BRI H AYAS T BT R DA T W =X
A= b A B A B AR A LA N ZE it S T Kk Ak

PR SZ A B 24 Hh 7KK BT A A% O B ) LV A AL ) 45
il R A Y s A R HE W HE S, &
G 1 7 e g R N D g PR AR H DB A i v 7
AL EIRARG I, K W R SR B R 5 IR R
PR, (YA R e U5 AR s
TR TR, (EASRG A B3 M LA L A5 3l ) 1) 1
B, TEAYh R X AR ML N, 75 72 2 P 55
MR A TR 260, AL A BRI VR 5
LS TIBUE S OB O S NGNS I 5L IR SN
AT LA JER T8 A A A e A R0 Gl B R R 5
V-6 AT X B SRS #EA TR B 400, I A 3P R
e,

1.4 HPEPB|A

141 IEHEPLEA

B UL AT AT A A T 8 AT AN AT IR
S BANESOER Y R R R DL A A
ARG AR A 3 B K T 7 AN AN i 6 00 T
HSBOK KR 15K FUSR LRIk, B
HIEF XK B AR R N TATH 07 Xy
FARCRAR, W55 6 AT B, HARAE N D88 7K 09 X
ST D O TR Ve I ER T SRARE S = W S TITR (R =)
TN KT IS LA AN IS5 F I 20T LLST A B A
K U PR, BU AR OK T TS P ATE
IR EAT B PR LT, AN G S 8y, 5537 b v LA
PO =GR, A H I 5 1% 3 3 5y (o 7 35 ) i
£ SRS TN R | T DL U A 25 44
BLAS AN TCTE AR 1) 52 00 17 ), AR B R IS4 7 3% 1
FAEUIN, WHGE A /NI 1 B, by ok
— Bk 50 kg £ A,

TRTEE LA 0 B3 Ty =0 A%
L8 7 W B e W71 L N 1 W 1 -3 eV
TR B AL 2615 e S, 3 2 Bl e b i He ok o
M AT B AN A 5 58 308 it =X D2 38 1 it 7
T E I S0P TR v s AN 21 B A N BV R el
B 30E a 47 S FT85 7K IR A 3 A 7 3 A R o
e AT I e o A S AR AR IS B B 3, - v
TREEFEAT P A ZKHE S 38 A2 3 D 4 5 7 35 K
1.4.2 JHEIREPLEA

TR HLER A AT 430 2 TV A K~
TH A HLAE N 3 SR T8 T E TR ) S R AL A
NV K TR SR B DT, 0 e | K AR ) Y BT
T, DAL Ve T i A HILA) o i R T B K P A3k



[ RSN

SREFUK 55 A7 AL a A BOR B R HTBR S K Jig

Vol. 44, No. 8,2025

a2 KA, LSRRI — L MR i,
TEAS AT ST B N Tk i 285 38 B K R 75 e
W, KR IALES AN et 1 ] LA e AT =
JE AT E RN RK e AT de e RUE A
11 KB T — A DAT e R S8, 5 — Al R
JE A T P DR A Ay S 0 T AR KIS R e 2 AT
. BT AT E MR, M B 5 A
TR H TBAT TR AR 2 PR e e g | LA
B R IRRCE . BRI AT AR TR R 15~30 m
F7K R TAE, T3 nT ik 80 m*/h LU L BEE A
LRI IR BR LR, A Sh 58 OB i TAE AL & 1) 2 FE
AR B R G5, R A% S BN AN UK R 3R
B, S R AL AR AR
2 EAKSITI AR AR RBR AR R B
2.1 EEHEAR

wE 1 B WK S AT AL A SR R
A LARE I KIS, G iliEia sl e sh 12 g I
Wi 28 Gl S B e Rk, 2
Bl S B B AR I oy B i sh D e bl as N7 2
FIEA AL AATE B R B XA R 9 4
W TR R AT 30 =, N A LA AT B
BN HAERB RS EDITERTER s 50
773, A5 B K 7 R R iy el S i
Ko HLER AAERER AR R &R ZoA LA A 32
HE5) 7, HRH R A & sk i 5 1 Jr U AL A A
fithg, #F M EEREM I XML sURAT B BN RIEA
SZ LB AT e S R S R SR A F 1 =X
(A AT ML ) T A B[] AT 54 E e i e
EPERZ B RK RN , RA A 2SS0
AL DU B ] LA 3 2ot 32 4 1) O =032 8, ] LA B
TR BB

HLEF NTERE B AK R TAERS, BB IRE 25 |
SR EEXF AR W55 2 AL Wi
PR TR 2, UL, 5 2R A B R
o U I H AR RIRE DG BB T4, IFiE i i v
PRAT A 326 B2 AR I HECTAR 5 S v v 00, 35
SRR AL BURRBIEAR AL ange) bl
FHAAG ML AT 38 e i AR R R 42, 1550
BRI RS SRS TR, #B38T AL B
AREHLER A, BRSNS 5 80 B3 o/ fil
FHIE 45 588 AE FU I TR VE LA N, A0 R FH < X

X RN [ AR A0S B LA N R kRS,

BLES NAE TAE B 75 B 2 1) JE R % 46 4, Bl
i NCRAE B 1 25 Fh B o 75 S AL iy R B 1 &
Uiy , K VS BB AR B AR I 2R EAR , HLES A Tk
Pl B ARG W A5 5 B o5 5 55 )
Jei 3 | S A S AR N EC R | (R E &
AT DA S 2 e . M4 FIOK R REEHLAER A
T IERIPLES AALEZK AR B 58 15 7 2 5 iRl
i I BIR ] 22385 0800, A T4 A SR 5 S D A TR A
I R FHK T 38 15 He AR A L gs A SRt n] 5 f2
SEMK TG RS, HErE SRR 1) i #p
ST 2% BT R A T IX R BOHE R 4R 5 W A T
(SCADA) #&Hl RGF-75  HLEs AT LR ZE & &
BRI E AR AT XA & 37 5 HoAb i 35 4% iE 17 3k
By, S R B SR | R G BhR e o b
BIREAL A

BLES NBNZE B R 5 5 A B AR S
WAL A B B SRR AR TEZRI B 59 5 S5 L
NIAT AR 3 50 B [ Shik B, = i 70 B R
ISR I A I8 20 ) ] %o 15 % 1) S v e A
BEAAY B S E A LR A B B R ) 2R
FHEREWEEE.

BLEs NERVE R H R 5HLE A DI Re e S A
K, SR B T W DAL #5 N DU) 2 38 e 7 W 4 AR
A B RAEFAAC R T 58 BUKARE Y SR 42 A1 ]
ISR NG T 2 A S

PLES A B R G AN Z AR B — 1
BLgs b (AR LA A rT a ERAH R T 385, T A
TR AT A OCBNAE | i BE AR B AL s K T8
etk /NEME Zi6efk.

2.2 MRk

BLEs N HE AR AE SZ R B e 475 8 1 I AN 20 i Bk
A8, T SE AR A PR ) A, K A BT Y T AR R R 5 4%
275 UNANRIAEE R R KA R 2 AR AR
FIRERC ML NIE R 21T, He A SE A 2R L%
AT BT o7 3 o e 38 sl A 1 45 0 (R AE 5K
Prud s A b R AR R U R R
2R, R, Afaf 1 T 3 A R R AL A A
R AEEMPRAL, L, BT LS A
AT SR AR PR SR AT BT ik, L R 43 HL 2 A&
BRI E U, IR R B AT B
BB 437K BT W AL A A B 7K B e 5 N A g 5k



I G . N Vol. 44, No. 8,2025
WATER PURIFICATION TECHNOLOGY August 25th, 2025

Btz S

i?

BER HR R il {5 K
EIpIES HERE e

oy IES Ptk A

|
L

| - 1 s
A

# £

L [E] |8 Al | o
% |5 = il AR N AN
?iﬁﬁ f LA TR AR AT TR
B2 el 1% | (w2 |F] |E] E | &
M| IX| & ] & B 5| (2] ] | E] || |2
%! # \m| K| |®| |R||F| (=

" il

e

k| %

Bl m| el | (& x| (8] |2 %
| | o) & || |®|[=] % @ 5
ol ()R] |8 | || |R| (| |® =
Wl k| (| E k| W) R [
| (M| |# AREIREINEIRE #
'l (E| R[] (R R| A &
& & A

A

-

I~
-

=

1 IRBUK S AT AL AR SRR A
Fig. 1 Key Technologies of Robots in Urban Water Industries

AR EATAE—RE B 22 | T 22 W PR REAT IO 38
R AL ALEHL T B TARFREE h I B 5 222k
BRI BLG, F, Hlas AR 4R DR 7 2 BR il
FOR R BN, Sl as A a AT 7 e i
AOFRIE R, XL A R TR PR RE I b e B 1 1 AR
i R — e LA NAEAEAE ) A B A PERE
EAEAE FH— BRI 23 B Rl A R R i, 32
M 1E R AR AR . e, Blds N B SO 28046 )
IR ] L7 e 2 14 i R, VA8 A B K 55 47l
PLES NBOARRERS B o O F0 B RE (g &S 0046
PR RS YL A AT RE 21k —Le AV BT A0 A0 . I
KEATN A BBl NEAEE X Ll 3 Seiit k, HozZ
AT PR, Ik 1 R A A e ok ST 90 S B T
N AR o PR, ey 76 ORI AL AR AP BE AY [a]
R ARG A L 2 — A7 g R 1 TR AL

3 RERHERES

P NEA H AT EIREFUK 55 Al 19 5 J A
T, RA LA N A K & Ty 1) AE AR A i 3
A LUT LA,

(1) AT SEVE R RS B Lr 25 B S K AL BEER
B N, AR B AL BEAL A ACRE i B H AT AL 2
N 8 ) 2% Ao i) L, 4 S o 3 B v 5 10 T S
T P, DAY 447 RS 48 ) FOAR | D52 v AR
RORMTE, FAT A A A JE A T LAS A AR
BT, AEDD S G R R EAR , Rk ) 7K 2b B AL

A AT LASE B R RS 1) 30 45 ) R S W 9 X
R B 25 7K A B P R A B A

(2) ZIBERIEEIR A 1K Ak FRALEE A 5
AL T Z Dhfe Ak, v LIS i 22 Rl A% I8 AR T
B A 7K 5 W R K T I 3R A D BB AR A, AT
L AR LEE AR R

(3) B Aefb AR B ok iy . A N T Be AN
TREE2= 2 1R R R  HLas A 3 S FUSFI RE 10K
HE— ARG KRB LA AT LU G M B S
N AR KA BRIR S B8 R AR RCR M M, Bl
FHRBIEM AT AR K, R WK AL BEHLES
NN BB S 1 B R 198 7K o 5080, DA 4 1
SRS U A K T BRRTRNIR 45

(4) ORI A T HE . S 1 IR 2R
BN, AR 17K Ak 3 BIL 5 A K 5 v 1 4
] A R R AR 51 4 oK PH R XURE S, DA S AT
Rk,
4 ZERIE

HLES N AR 2 BT TR 45470k 9 44
AT 0l T I B AL NFA w0 A i TS
Fike e M s AR o e S 22 D D el A
RGP HLAEF NFAR AR R AT N T, R
K B K AL BRALAF AR B s Ak Bl sk ik,
I ELRENE T 47 Hb 3l W &2 2% ) PR B, FEAIR 2 8 AR,
[F] B B i B PR R T R kR, (A5 ML A\ B



i BT TR, 4
WK AT LS N A R FHBR 5 k J Vol. 44 ,No. 8,2025

TR N 58 A8 M A 2 fa B | AR R T
Vi, B S AR 5547 Lt o) 8 e AL B =k

S Lk

(1] XUHERE. HERAIUAT AL AR BAGIN B 07 i 2007 (0] v fk
T, 2023,43(12) :77-79.
LIU Y H. Analysis of water quality testing methods in the
drainage testing industry [ J]. Shanxi Chemical Industry, 2023,
43(12) . 77-79.

(2] =, wdk, HLZ'S, A FET IO fE K R K BRI
AR ARG (1], T it TAR, 2023, 31(20): 30-
34.
QINJ Y, YU H, HE R J, et al. Design of underwater water
quality detection robot system based on wireless communication
[J]. Electronic Design Engineering, 2023, 31(20) ; 30-34.

[3] B WlHoKEERMLS ABF SR T]. TR EH
2023, 39(8): 132-134.
YANG M X. Research progress on urban drainage pipeline
detection robots [ J]. Guangdong Building Materials, 2023, 39
(8): 132-134.

[4] Rtk 2B, R0, S ARINHLE AR LK E M PP
GRS «%/J(Hzﬂc, 2023, 42(12) : 183-190.
ZHU G B, L1 ], SU S Z. The application of in pipe inspection
robots in urban water supply network evaluation [ J] Water
Purification Technology, 2023, 42(12) : 183-190.

[5] Wk, e, S HEPKE RIS BT
[J], FHEIRTT, 2023, 9(4): 19-22.
WU D, ZHANG Y C, CUI M M, et al. Research progress on
drainage pipeline inspection robots [ J]. Intelligent City, 2023,

[6]

[7]

[10]

9(4): 19-22.

Flzph, 2, X3, S EAIKShE A & N A E LA A E
i PERERTEL )], LRSS, 2023(5) : 300-304.
YAN H W, LIJ, LIU Y, et al. Research on the performance of
a straight wheel driven adaptive pipeline robot [ J] Mechanical
Design and Manufacturing, 2023(5) : 300-304.

X, mse, BB, S5 KT R BB A I AT T BUIR
R [T]. HLHL = R OF R 5 80587, 2022, 35(5) : 82~
84, 97.

LIU J, GAO Z L, QIAN M X, etc. Development of surface waste
disposal equipment [ J ]. Development & Innovation of
Machinery & Electrical Products, 2022, 35(5) . 82-84, 97.
KA, B, F}'Fﬁiﬁ G BTSN JE K
R EIT AR E [J]. W CA Bk, 2022, 44(5):112-
114, 118.

ZHUJ Q, WEI H J, CHEN Q W, et al. Development and
testing of unmanned inspection devices in enclosed sewage
treatment environments [ J ] Electrical Automation, 2022, 44
(5): 112-114, 118.

XIMEE. JeL Rl s ATELE S RN 55T 1], &
HEIS YN, 2023(22) ; 26-28.

LIU S J. Application and research of wireless inspection robots in
comprehensive pipe galleries [ J ]. Plant Maintenance
Engineering, 2023(22) : 26-28.

AL, e, EERM LG AN CHBARDI R T].
M, 2022, 60(7) :88-90.

SHI H M, HOU W. Research progress of key technologies of
pipeline detection robot [ J]. Machinery, 2022, 60(7): 88—
90.

(L% 29 )
DUAN L, LI S L, XING F. Technical research progress of
controlling reverse solute flux and membrane fouling in osmotic
microbial fuel cell [ J]. Journal of Environmental Engineering
Technology, 2023, 13(3) . 1150-1160.

[48] EMz. WIB IR IEBE R YRR ST R AT
FELD]. R INPGImERE:, 2019.
WANG Z Y. Study on the performance of landfill leachate for
osmosis microbial fuel cell [ D]. Taiyuan; Shanxi Normal
University, 2019.

[49] LIUY, HANMZ, LI F M, et al. Performance and mechanism
of SMX removal by an electrolysis-integrated ecological floating
bed at low temperatures: A new perspective of plant activity, iron

plaque, and microbial functions [ J]. Journal of Hazardous

[50]

[51]

Materials, 2024, 463. 132802. DOI. 10.1016/j. jhazmat.
2023. 132802.

KERK, HEIC, R, . ELSRIESBMEYR R
WIBATHERERTIE[J]. AL 580K, 2017, 37(6): 83~
89.

ZHANG C Q, YI X W, WANG ] X, et al. Performance of a
novel osmotic microbial fuel cell in a continuous operation[ J].
Membrane Science and Technology, 2017, 37(6) ; 83-89.
JAIN A, ZOU S, HE Z. Chapter 2-Integration of membranes into
bioelectrochemical systems for enhanced treatment performance
[M]//BASILE A, COMITE A. Current Trends and Future
Developments on ( Bio-) Membranes. Amsterdam: Elsevier,

2020 35-51.



