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Abstract

One of the main operation and control modes of thermal power plant units is that the
operators supervisory and operate the DCS system screen 24 hours in the central control
room of the power plant. So there are also some problems: 1. The interface of DCS system
needs many sites to be monitored, which often requires one person to view and judge
multiple screen. Therefore, it needs to be highly concentrated in order to avoid errors during
execution. Operators are highly stressed and under great pressure. 2. The power plant must
carry out routine inspecction frequently in strict conformity with the production standard,
which is repetitive work and the operators are easy to ignore and neglet. 3. The interface of
DCS system contains many keys, lamps and so on, and its logic is complex. Operators are
easy to misjudge due to fatigue when they monitor for a long time, and there is a big safety
risk. 4. The automation level of the manual monitoring panel is not high. The power plant
needs to invest more manpower and capital, and its productivity needs to be improved.
Aiming at the special situation and above problems, a stable and lower-cost touch screen
operation robot for central control room is designed and realized in this paper. The main
research contents and work of this subject are as follows:

(1) A set of touch-screen operation robot is designed to assist the manual monitoring
operation in the central control room of Huaneng Haimen power plant. It includes six
functional modules: robot assistant management system, touch screen operating system,
image acquisision system, touch screnn function authorization system, human-computer
interaction system and operator system. This paper describes the hardware selection,
construction and software design and implementation of each module in detail.

(2) The operation logic of the manual monitoring panel is analyzed, and a touch-screen
operation contol methood based on visual servo technology of manipulator is proposed. The
method of template matching is used to identify the capture interface image of DCS system,

such as page recogintin, legend regcognition and location, and point click effect review. The
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obtained pixel coordinates of the target legend are transformed into 3D coordinates under
the base coordinates of the manipulator, and the manipulator is driven to complete the real-
time trajectory planing and click the target legend accurately.

(3) In terms of system security. The video capture card is used as the source of image.
This method only obtains image, and does not carru out information return to DCS system.
The touch authorization control circuit and physical switch of DCS system display screen
are designed to control the touch function of DCS display sceen, to prevent the wrong touch
when the touch screen operation robot during standby, and to ensure the operation safety of
power plant. In order to ensure the information security of DCS system, the man-robot-DCS
system interaction mode is designed and implemented. The operator gives the operatin
instructin to the touch-screen operation robot through the upper computer. The robot
receives the instruction and then performs the touch-screen operation to the DCS system.
Both the host computer and the robot are not connected to the DCS system, and both work
independently of the DCS system.

(4) The experiment and debugging of touch-screen operation robot are carried out in
the central control room of Huaneng Haimen power plant. After the operator gives the
command, the touch-screen operatin robot can automatically complete a series of tasks, such
as identifying the page, legend, checking the effect of click, and cliking the target legend
accurately, which proves the validity of the robot. The robot designed in this paper has
realized the first intelligent monitoring panel assistant robot technology in power plant
central control room in China. Which is suitable for promotion and ues in the industry with
relevant needs. It has a certain reference value for the future realization of robot monitoring

and unmanned operation power plant.

Keywords: Centralcontrol of power plant, Touch-screen operation, Industrial robot, Visual

servo, Human-computer interaction
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AG-DIFFEAR TG Sy ARARLYEERE, JHRYE Sey) BERIEN H 45 &
& PR A7 AL S AU [R] B Y H Ao

K G-1)ETT

S, y) = BjZo DRI If (e + i,y + )] —

2YITIRRTNGL k) - f (Y + ) + T TR GL )T (3-2)
%
DS(x,y) = XiZo TEf (x +,y + K)]2 (3-3)
DST(x,y) = 2% o ZKZ3[tG k) - f(x +j,y + )] (3-4)
DT(x,y) = %jo ZKZ5 [t ]2 (3-5)

DS(x,y)55 DT(x,y)+& B #r FME 5 AR EG E -G358 7 1) & B IR EE . DS(x,y)bi#
BREAExy) MBI, (HRBLE/N. DT(xy) NG RN E BB, 1fEiE
F ROy —HHUA . DST(x,y) NS R G 5 BAR BHGO N X S ARG R %, 5B
BAGFEALE (x,y) B R H57E4VLECH DST(x,y) 1S &5 K 1E

RYE T e, WH DS(xy)fEis Bk f2 o — W HUE, B4 UK EE
DST(x,y) B e 78 UL R R o (E R XM iy KRR 2, EL 2 AT Re 2 EOGIE L .
H— AR AT LA U I B T DS(x,y) B R e R &, HoE X R(3-6)F
e
S o BRZG tGidf (et y+k)

SISk iy ol (12 S Gor?

H—4L B 2 R B0 R(x,y) FMEIBIE B A[-1,1], 24 R(x,y)=x1 i, 388 teBS 75 H br
P15 b4k 21 S5 AR P8 5 A DURC 1 2 38, R(x,y) LB IR T 1 0 B BR
KI5 B bs BUS BRI ;s R(xy) BB BT T 0 T3 WA AR 15 5 5 5 e A DT
B o

W 3-2 Fiow, E3E T K BEAE A UG ITEC I AR R, H AR EUE foxy) SRR R t(k,1)
HFR R O-xy 5 o-jk £ono 7E f(xy) PR MERAME (x,y) b, @i RGE-6)#H A
—ANRXy) G R, FEEBAR (k) EEIUR T sh I E T H Rxy)FIfE. 7E R(x,y)

R(x, )’) = (3_6)
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B K AEAME AT 5 2 UL AR

0 X X+ J; ro
0 joo
yo |77 ! :
5 K N
v, +k, e -®
k.‘
k J
yv M

B 3-2 AT R EALGGEMR EET & B

NN RGE T, At 7Bl 3-3 Frosifi BHR, 7278 B s EE
P 5IX L HARBBAR LRSI X3, R R (xy) #BCERIBIEDY 0.8, 472 Hir
% b 21 5 MR R AR B R T 8055 0.8 I, A i X sk 5 A P AR AR UL I

P25t | P1-E3) |
D D

B 3-3 AL AR 1) B

3.1.2 5t Bin B BT

2ot R VEECIATS, Al 5f B AR B bR AE BRI R, B2 T e iblas A
fioh ¥ BE R IAE ST, 30T € B AR BB E R TP ALE, IFRAL RN A8 NTEAL AL bR
A, PSS NE LB o fil 5 AR BB SR I — 5702 B e RIUE B R
RFAE, AR BB AE T SRR ol Al b o (EARIXFER A — € TR ZE, A
R ] AT R AR R AR IR BT ¥ s A% A 592 n] DA R0 R AR R AR B SR IR 2
H1T DCS #e A 7 i i E i F2 e [ E HARFAE B, P BAAT DR AN T 5 3308 1 1]
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A BT s AR ) DO AN T i) A bR B R, MR f(x,y) 0 #FEN 19201080, ¢

JE I I SRR ORI, T H AR B AR i oL R SR A B AR bR AT B 3 B-7) T
8

(X1;'XZ),y — (yl';YZ) (3_7)

X =

# '3806 diesel window pl yunxing':[252,271,38,84],
# '3806_diesel window _p2 tingzhi':[253,270,144,190],

B 34 B R 5 R AR R
3.2 il FRERAENL SR NALBE ST 5

3.2.1 i FEHUBVE AL FR RALHE B Fr e hr

A b /N R A T B VT G Sk 2 35 il BT Fr bR AE DCS #4151 &
B G ERANR, T SEINLES B3R Thae, 52 AR el fik bf H b B AR
YRGS R A BRI A B BE T U R A A AR R R I = 4R AR bR, 3R S R
IR IR, e B KRG AR RE. RERAE.

XPRAEN) DCS S U 2 AR DT I 5 3R A3 10 A2 il B H AR AR I — 445 32 A
G RN FR vov B — DN YEE AR R, IR s O AL F DCS R S EBUE I 2 A
uithy v A SR P TAT, AR Z AR R AR A R R D B8,
T LA 483 7 = ZR 2 AV U2 R R 75 ZEAE MU AR A 3R R dhAT o &80 BUER b B2 5 31145
[y AL bR AN BE B F T X MU JEAT 0 R R 2 AR AR, AT TG VR 3% AU E 12 3 2]
S B, I 7 B FLER O I T U AL R R R I = 4EA bR, A A T BRI AR A
7 BB e L AR AR 2R B MRS 255 A 2R 1A S B3040, AT S BT LR B = R 2 )
PR o Z AR R I FR S LA TR D

B TR R AR AR T AR R AR e, 15 50K 42 B AL 28 )5 3R A5 115 2 AR R AR oy
DCS EoR A bR R xoy NI =4E B MAAAPR. DCS &R Ft AL bR 22 B IE 7 2K
(mm), ZMFRREARE T RN EAs b, xo y #5585
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K us v EFAT.

(3-9)

e 2

Hrb, dx. dy AR x. y 7R ERERSS, (u,v,0)8 DCS &R Ftif
B s sl RURB R ALNR, A TR TR, FRATIG R AL bR I —4E, Hix—4k
BUEIRZ N 0. (x,y,0) N DCS R FHHEARTR 2 T 15 mili U = 4E B A AL TR
SRJE N T IRIGIEE T AU BL e AL AR R T I = 4E B A AR, IO TREX B IMERAG I
DCS BRI T B4 ok s B9 =48 B A AR PR 5 LT I AR bR A8 48, v] 4k A an 1 3-5 Fir
No

X4
E 3-5DCS 7@ %A% A B WU &L B AR R AR T 5

B A NS JE AL RR R, {B} A DCS Won AL kR &, BP FIx DCS &
INFI AR R TR — S EORK BP AR — AN A AR AR R, IX N ARER R AT (A}
RS ME M B E S E S, AIEFeErE, SREmEES-FE, #iEa:

AP=4RBP+*Pgorg (3-10)

FRER T WA RERIR DCS s T AL bR 5 AL 3 BB JS e AL AR 2
REH) AL o 5 PR A e SRR B T LA R 53R
X0

Yo
Zy

(3-11)

A _
PgorG =

ca —sa O0][cf O spB 0 0
&R(y» B a)=Rz(a)Ry(ﬁ)Rx(y)=[sa ca o” 0 1 0”0 cy —sv]
0 0 —sB 0 cp sy cy
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(3-12)
by @ SCNBIE A, BN, o WA, co & cosa HIE S, so & sina,

ISR
3.2.2 FHTOL B KV E AL 1 5]

AT It SRR E A LA BT B BCREE R DCS #E A Rz DCS #:AE
GRS R UL BC SRR IR A R R AT 2k T o F T ARAR &R T IR R AR
N T IRAFRFRAE LN UG ik e A b 22N B0 = 4R A8 bR, 7R ZEXS ML a8 NEAThR e, X3k
BT S HOIAT A 5, SR R, 35 AR AR 4 SE TN R 1A m R E A2 3R
it B H Am B bR Pl ri WU SRR A bR AR A B > il T AE B R 7R 2% URS Ml
P BEAT ELZR AR 1, AR LU (0 AR i e AR 0 3 A 4 o7 L B
VERUPTAERL B, T SEIUAS E K vHE il M 428 28 2 T P&I b, AT 52 7 I 3l A T BE

X E RN TS, R R T P R e e L N AR i (A AT
PEfi], ARAEIRAT B br il =B B AR I HLEs N 5S8R ik 2 A B . W&l 3-6
JIs s AU R S A B 45 e 4B 5 2 A LU BLAS B R IRZE AT 9 r B P i 1 4 1\ &
e R B SR SR IIE SR , FA AR D AR i A ) ) 45 RE AL

S Kk
B4E o E el B3 EJ ©E
n TN 9 I v BN
- B i

R B
B 3-6 T3 B a9 AL IEI5 4 R s

T ICHEIEHLES NRATIT R S A S PR 52 1K) UML RS BOR 2461 UL A LS
SN AL S A SE LS R, an 1 3-7 B .
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PLES N BAT AR BRAE R IATE 2 HLas NUASBESIR B BME R GURIE I IRAFTE &, IF
HALES NRFFAEAIIR AR IR J5 BHLas NIRRT R S A s LR IR TR 2 )5, Sl
SO E - ETTR, WRE RGBS RSP EIT R, FHRIFHUE
XA E o MBI, Blas s a7 At i BB E R, el A siAg 2
FITE ¥ 0T, R Bk 20T R Sl R s HL B bR 00T, FEARYE BOE (T 5 Sl
AR I BT X R IS AT IR DT A i A s SRJE WU Bl BIR) AR A1 &, Hlas Nt
AFEHUIRES o

£ UL AU ) s s Bl S5k v, plas N A R BN LS N BE R G kIE
FIPLES NERAEBINIR 2 )5, 4 2RI S AT R MR, 123 B ARIE THLEEA
K2 aiads, LA S Las N AR ERAE o HLES AT DUIE L & A B %50 3R 1 DCS
RS AR S HUBCE S B2 R 0 T DURR X 2815 R S« R BRI
B IZZh L, T SEHUARBI A TR hRE, I H A A R EHR N, LS 2 B
SR PP E, IXAT R T8 USSR AR A TR —MRIER L AT

3.3 RENG

A 5 B B ERAE LA AL 2 010 7 T N 2 fid BRRAEHL a8 A BEBS AR I
FEB EPAT IR AR &, F ZARKEENL AL R IRIA =y H AR AR A2 B, A
T 3EAT S U B PR U 32 30 21 H b B AT A5 AE . A m el 7 HLas Nl
AR VL AC 5743k 73 DCS F i A iy H bs B bR R R R Ak A, O 17 S8 URS AL
A NIEE T B A S PSRRI, 75 208 I AR R A5 A i o H AR B bR 3 T B U
HUBRAARR 22 T ) =45 [A] AR A
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%45 MR AKREEE

4.1 B SR

FEE5 B R PRAM A A T i R AR AR AL A N B ARG BT AN T REAS B 1) A A1 35
it MBEERAENLE AN i) SR s AN SRR I I A B 5, R et A R e 22
B R RIE R AP Is AT 24, X DCS #EHl REEm /N, LUk TAR
FRER S FE s TR SOOI R g S AR R R etk . R AL R
FbR, HUE E shiz IR et . AHLAC B A AR A . A AR N i Bl i
oy AL R B ) i B R ALAS R A Al e R A 2, HLas AUl a2
JEAE A SRAT B R A T, JFIE I AHLAE B 5 i SN AT AL 1 Bl AN A ERA RS
A RS AR BT AE E A 4-1 B
AR NSRRI

ol | | smEsaer | | wenreey | | BgeEes |
I I |
i *J-L N Eg =]
% Mlls| (x| (=
o I E |2 e (|2 8] |6 |82
Jﬁ ™ A Eﬁ E 5t A E = ?jl. S 5t o Bvin
H ik % N ar ] il 1 @E 1’ T £ izi} 1E’-ﬁ S
= i < i 2 =3 G ﬁ i R Pl % X
(2|28 |w||e|d|e]| |B]|E||z]| |a| |2z
# MHENE|E] (82 (2] |B) |&2] |2
g & e I~ a~ bl -

B 4-L kB ALE A A AR R B
4.2 EAHLIEHIRE RS TS S

filt FEATL 2% N5 HH T AL N R IR F5 0] A2 1B 18] (/)38 T B ) 245 b
R BT € M 55 B 3N A R E AR5 48 25, B ia & Re iR AL 88 N RIRAE S5
B2 1A BE M B AL A8 N MUE 5515 3K e F oo BRI T N, (AT AEATL 2 A
BTG OLECE TEAESS G, Kl e AL E S5HE B o XA TR AT PR
RN AN AT UG 2 T R 2 LER N RGHDIRA .

il FENLEE N R G EAAL) A5 [ imt 23l Socket 1EAERSEHLAT . Socket fEA7
TET M HZE5ERZEZ RN — M RIE, SCIIRS 885 % P o 28 BLIEREY), Socket
WEREA I 4-2 fos. EiZidfEs, K7y, 74280 String 88, F ik
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FAZ 5 LINER 4-1 Fios o

| e THM
ey BT
Socket
SR R A OIS Socket ]
TR R A KB K
BEROE R S I
JEESocket
LR eSS THGEE LiENE RS
L SR LA A I
Kt Socket K FH ERGRAS K Socket X FH
FHR KRR

B 4-2 Socket i@ {42 A

Socket M AL FE 7 NEL T =P IR:

(HESLER . EAHLUN R AT Socket, LML AL 61 %E#; Socket, [7]
EAAURIEGE R, VISR FFRVOERAE KR . EAHLERNOE R 5 B %4 Socket,

Q)tiRiEfE . EANURIE S, EALHLE TR — DB K, TR
TR, AR SR S A s B TN, TSN R — D EUEE K,
LB AT R OSSR D46 51 L L

Q)& 5. KHA EAHLE TIENLE) Socket AR T, SR S .

I XM T RE, DRIE Al BE R ENLAS N IR A T EAHLE s b, #2
e 1 HLAS AR ) 22 4k

& 4-1 B 5 MEANBRE T 2 a3

AR B A4 R Ap e X IRAS U
Task id 1155 i 5 25 AT A ME— A
device WIS 1 R BN, 2 RonpLes
NP6 v
function iRedm 5 | RoREAEER, 2 RonEds
S
command BER S T 0 RIRHHAN U 55 5815,

1 R R BhSEM R BL, 2 &
RSN, 3 R A
& RITR, 4 Rk &R

IS
Command_addition PRI 25 1 R b PR AR 2 B AT
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DIRGINVE N E -2 1N

state BERES S 0 RREAERI, 1 FontlE
HTh
reason RS R A T 45 R BoR

NEABREERS

|
AL E

B 4-3 ik IR E A LR LR @A E
4.3 BB AEEFRESRE TS5

il FEALAS A A% O AR R P AR S BRAE SR A iy 12 26 AT — I, PAT3RME 2
WX DCS ARGt =i St BB EEAT 20 A, HR3E H AR UL I A 5 BB Dt e fk
BRAENLAS NS IE SRS . SR80, DCS ARG RS ARZ F AR, 27k H
Al — = BB s Tr % (OISR [RIRE TR D £/ 20 AT 13 €0 £ 2R s AN [7] HRL i B3 (1 3
Wit Ol ), ML ERREAT AR DL AC A o ] S0t R PRI 910105 5 e o 1) 5 92 R e 32
PLES NAERE IR A i oy, GRS MR R i, BALREC 25051k, Ll 5
TENLES A RGUIRAS I FARRY, Sk deiliad F bs SR g 10 5 i 4544 55 5 i oo
2R, AW A SO H bR S o Gl E LA BRIRZSHL, g BEAT H b S A Bk A
T, IR IR BINUBE AT AT IRk i i A . AR B H AR TS,
MR A SRR 2 2 AT 2 5 BRI, JF R IR ShAT Bl 5. At T
Jt s RABUEZ AL, BLas N sl ol eI ROR , iz 0L 8 N ] DL RUEHCR BT R &,
EFTHPIA,  REE A i PR ) ) 5O Sk 0 T LR i o J TTRI Bk % R & T T DCS
ARG A A E g, DCS U AR A UL 6] AR A A R HOR B A AR UG
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P ) 592
B DL BCIE ) 2 N AR TSR GE AT 1 R A B A Qs . AR UL P /2
Fa I — S U BN R R 5 H AR R BB, DA 2 7R H Fr B R 2 A7 AE S AR &
GHRTR B AL P8 70 o A A 50 BOARSEAR DL M S50 SR MR 5 H A EUR B SR AEL
AR X —HH SAE BRIl vT LURI I SR B8 5 AR B UL BC BE M. H RS DL
FCARAARE DN & VEA 2, A il R4 (AL a8 AR B2 o i A — A ok 2 4k
VLHAC .
3 (TOY) (XX +y) _
R(x,y)= I PRECELD I ART (4-1)

T(X,Y)=T(x,y) -1/ (w-h)- S T(x"y") (4-2)

P'(X+X,y+y)=1(x+X,y+y)-
1/ (w-h)- S H(x+X"y +y") (4-3)

Ao ROGY) e w5 HAR BB ARBLEE s, TOCY) St g 5 B S
2, VOEXY+HY) g HREG S A Stz 2. 2 R@E-1). (4-2). @3)HitEsE,
I LR B L AR AL T 0 RE BT LURIE I A BRI BEAR AR 52 6 R 5
GREMATE RS SR T B C R B ROGy) BEBRARIZE T-1 31 1 208, 4406 R ¥ ME
H1E-1 R, FRFIEER A, 0 FRHiE EME 2 18 58 4 AR ILRD .

{R(ny)zOB VL (4-4)
R(x,y)<0.8 AULAD

NN RG R, BT T B 0.8, AR4ETFEIARLRE 45 H o Wi AR G R 5
PR ITAC . S(4-4) P AU R K TERAE T 0.8 I, AR S5 Ak IR ITAC;
SRR R /NT 0.8 I, TIRA IR 5 # FEUR AR DT REH6-47),

4.4 ANHIXEF @Bt

NI RGN E, AT 17— A B X P EW R UL S,
FrEMAA R S LR ThEE— B TR, AT EZ A RERIE0AT AT E A A B
ARG RUFHANIAZE, W] CLRUENLES NS AT 00 n] DARE I PRad g W22 N Sk, JF
FVFTAEN R LTI B LS AR S8t
4.4.1 AERE

AH - S B KA QtCreators  pycharm 4§, ffi ] python 1E AZmFEIE
B RSN =5 pyqts LUHEB S 7 (I i I 77 41
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4.4.2 FEEHAR
AP PRI 3 ANTIREX . A BENNEREIX . SRIGTIRX . SaTRIE
WX, AT R
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B 4-4 B PR = 1) 254 B
Horr, Left AVUME KX, 322G RAUE B SE 18 3h 80, 258 T Qwidget
FIHEZE N, 1L G 2 — Qwidget HI LAE, 7E pro L2 ARSI ros ZEFI L SO,
7F Main XAFHHWIGARME ros, )5 7E Widget 2 4FHIHH Rviz FEAHIEHEZ . Upper right
R BPATIRIEX, FEEIRSARPIMAT P, KA TextBrowser #%1f. Lower right
FUFTERAERAS X, FE R R ILES YA AT PR, R TextBrowser 121F.

4.4.3 THEeN A

N T B IERERAE, HP A AT Bon g, BOH ARSI B DN BRI
N BONH ERHL N IATE R )G, ISP 48 MU AR A3 . N DS A AL A -
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BizghiEwie iy, W AR Bk 1S H AR B FENL A N EFR 2R T I = 404805, 2
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TERM R LSEHLAE N R G T, R ROS BALBHNE ARG, FEED B T RIE
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©  BIEHLHE Y URDF A AR SO
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B 4-7 HUE Rviz 24 545 &
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[ B AE B AT SR, 2 fa i AR UL 0 77 s B DT iR ) g 5 Ao A AR BR 3k
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