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Abstract

At present, the assembly and docking tasks of nuclear detection devices outside the reactor are still dominated by manual operations.
This type of method has problems such as complex assembly, time-consuming and radiation hazards. In order to achieve the automat-
ic, fast and stable assembly of the detection device, this paper proposes an automatic docking method based on the HSV color model
of fixed mark segmentation and rotation angle measurement. The experimental results show that the method proposed in this paper
can achieve the rapid and automatic alignment of the detector in the nuclear environment, and has strong robustness to environmental
changes and interference.

Keywords
HSV color model; pixel error measurement; assembly docking; automatic alignment

ET HSV B @ AR BRI HESML IR 2§ B SRR 5

MR T B SR

1 PHRE RO A E B TREAEE, T - PUJI] 4RFH 621000

2. RS as NBORPU) B sz, A - PUJIT 4RFH 621000
5 E

BAT, MESMZIRME R O ERASBESMAATIREFT XA E, BAEFTEHERRARLL . ANALEERHLESRA,
HEIAEMEE A5, ik, REWER, LI —F R T HSV R EAR 6 B T AR RS E fedbsh A EE 20 A 5T HF %,
FILER R, WA B A LI TR B ey beik . A xR, Pt T fe TR A A IR0 SHt

KA

HSV &R 4522 E%,; Rhests; AshE

TR R RN S R R B A, R
HERRIP A G ATRZ L DX A e Y B . S MZ R
MZSRAZMGE ARG Beas O E RSy, A7 EAE S NHE
et |, BRSNS R T EE AP
HAT, HERSEERMZRNER (2 E RN T 550, {5k
24h J5, YRS S B AHERS I THR I 5 20 50 SRR
T iEdApess, BIETREBE R, KiteEraEe, o4
ARG L RARE . P IT —FiAZIERiA &
i) B Bl e W R R R i i L R B e M A &
HIE

i 1R, HESMZIUPRINGS 222255 AR A &

[l

1 5]

MREA AR — el (TS RRIRAREOT 3, ARk
HES BRI e A SRR R 2 — o TR S
DU AR E s, RIS 24 m . 4efr @t
RETFAR IO RHEIATT o HESMEI(L R A GEIET M S R HEHE

[E€mB] BXNEEAEN (MBHKS: 2019ZX
06002022)

[EHEEN) T (1994-) , 8, BB/ TA, TR
S5h, MNBRESY. BFMIIHRR.

BRAR (1995-) , 8, PEUIET A, AREZD, MBR
ExY. BRNERSR.

SKIESR (1995-) , 5B, WREZD, MBFEF. KFHA
BB NIZHITR.

28

W22 ALAIEE . PRGBSl e T2 EER Ty
ARSI, BhiR b NIRZZ LA 57428 FEE DT



IRBAREEE - 5045 - F 158 - 2020 12 A

DOI: https://doi.org/10.26549/gcjsygl.v4i15.6152

FEINERORR T CHA R, R A AR B GH
PR WRIERGE P ONLES L BOR . A BRI A
SRR RGBS W TR . kAE U 4R — Pkt
THL SIS ABA T 2057, SCEUEARIRR NS Rk
Belics XUME S P AR — PR T RUABL A H A EE AR
SRS, SEBAE TR R TS RE O ke Y &t
SR EIRIEEIRT AR AR, SR —Fh THLZR L BN
RERNTT %

P RORE TR H e R 5, ISR — M T
HSV BRI O HE Y MEZIIR S B S 575 . Il IR
MZs b SRR B 2 B E SRS IO G B RS
SRR R/ N AR B SEISTERT, IR SR YT TR
W AR, VA SRR B S HEREK, R A Ta
PrAZEAZII R RS

2 REHER

WE 1 (a) Frox, HESMEZEMZ & MR A
204 mm, FRWESIEG L — EE S5 R AEFL, TR
AR A E R R, B TR 248mm, SR
25.4mm, BEIEH MI12, A& 1 (b) R, BIRREIE G
AT PE S PRMIZE 120mm &b, ARHLYEHL S0 &5 B R rh 2k
FHRFEE. FIFLR R AS201M/CGS0 FHAL, FEEEE N
6mm, FEFL/EE% 4 1920 x 1200, 4708514 4.81m x 4.8pm,
FEFEES 120mm ZMPHEEYERE ) 115mm. x 184mm,

o)
-l ot
ol

HRlEE

(a) M REE () ARRETEE

B 1 #ZMRNEENRERERGETEE

3 BaixtZ RS

HES MR IR I 1 1 B SR B A e B TR
R, PUbE ., MBS EITES K%, R
2B

- tmirte| | wsvisie | (i | s

B[] s [ s [P R
= o (9 AT
EA

2

S BF IR RS

2 HESMEMIR I ZR B R HERAZE
TR SN F A R 5 AR SR BRI 2R PR ) S
(SR, i HSV B AR R A M IREHAE] HSV i

AIGE, T T EEE S AR IR R D E A TR R
A RAE 2 BTGP R A A SRIR R DN R T RS, gk
BRI —e LREFIEGR P EIRE MRIARFI R, ]
PEFTROBHREN, AR BEIUS G R AR B MR AT =
MOREES, SCEDNSTRCSIRES TS, ARSI,

4 HSV BNt == 84 2 it E AR E
4.1 ERigiE
HIRTHEIMENILE RSO IR, LR ERR
WIS FHIEZIR 7 IIRE, H EARTHRE TSRS 57 5
B ERRE, 1SR BRI R S B AR TR
F— R RS RIS NGRS E RS |
A — B R IAEI G L EIGEE 75, 3 b
o, MEUREDERR . WA FEIR, @i R e
b I )T, REARHIEOIR B RS SRR, AR
RIS FIRBU 5 A R I St

e

+FH—,

A

(a) RE+HSV (b) Brightness+HSV (c) Gaussian-blur +HSV

(a) FIAEIGS HSV A& (b) o Eg 5 HSV Z8a)[&]
155 %(ﬁ{c ) R GRS HSV EEEE; () BERER A GRS
TRJ

(d) Salt-pepper +HSV

& 3 EfgigE

29



IREHEAREEE - $04% - £15H - 2020 F 12 A

DOI: https://doi.org/10.26549/gcjsygl.v4i15.6152

4.2 HSV Z[EIFRIRFF 43 E

HTHRSARE. R TEERNE, B EsasRE
(A% R S HE I AR R B U AL AR S, R A
RS A TP S . B H LA RGB B ARATFIX
RIS S BITFER L A R, BEIRARZ S HI%
Z5f45 1, HSV (Hue, Saturation, Value ) 23 1] BI85 A
AN RS RN, HSV B2 adh g =435, 4
BIAH (&) S (lefE) . H(BHE) , BERmNA]
XS AR ERg FE e RetE, KEET HSV it 2sApE
AR TAERUS T RIFAIRER U 1 sC s e R
RGB El(§ 502 HSV Eita 23], @it SehekE H, S, Vil
E A EIERE, SSEPRARF X IR 7 EIF2 0. RGB &%
# HSV EHRET

C,.. =max(R,G,B) (1)

C,., =min(R,G,B) (2)

A:(:max_c'min (3)

V =C, +255 (4)
AlC,, ,C.. #0

= (5)

0,C,.. =0
G_Bx6O,R:CmaxEG2B
G_Bﬂw+%QR:QmHG<B

H= (6)

B-R

x60+120,G=C,_

R-G

x60+240,B=C,_

4.3 BEHRENG 3T
BRI 55 A SR B TR AR I, %
HE LRI SR RS, oSt —FR TR BT A
HTTE. WA PR, EYEiEid canny E T Y REURIN
TR IRAOD BT, PRI 2SR X I8 B ) T
SAFREE TR R TS BT S KT IR, SREY
RSP TS O, RIREI T,
PRIVBSTRZL AR B85 AR, (7) thifR:

h=05xJ(al, —a2,)* +/(b1, -b2,)’

1=05x(al, —a2,)* +/(bl, —b2,)

30

Hor h AT PRIAH AN S B, 1 AP
S NBIENE R EES

(b) EEHTE

(a) FT Canny HT-HIFSETEEN (A0,A1A2 5 RIA] FE RESERX 5
FORREGICR ) 5 (b) FRIUBRIZRE 5L

E 4 RERRMSESEITE

5 KRR
5.1 #RiR X3 53 B 36 IE SEIG

2 TSRS TR R R D B AR SR, Tl Tk
A —3750) 4 PRSI =G0 T HSV Ble =S [E) 5311
S3HT. Al S FoR, Fra I HSY S Hl S g A (h &
(ORI IFCR CTibu S e w27 da i Ol iy ¥ €7 R (L
1, FRRFAE HSV Bl s S i m] 2 BUME A [220-255].

el 5 R, ERES A RRTT o EI R e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| SEEBRER

}ﬂ 5 ﬁﬁ%f\l
! FECTEY PEE

‘ S i

(b) SeRRIE F M4 TFRRFTFXE 2 BIZR




IRBAREEE - 5045 - F 158 - 2020 12 A

DOI: https://doi.org/10.26549/gcjsygl.v4i15.6152

— H
—_s

—_V

SEERRIBE
WX

(d) HIEMIRFEHEr- R4 THOARR SRS BN R
B 5 REEME T HFRAFX S5 Bl R
5.2 ¥ELLG
RIS SR R E R, BATES = 5%
SRz A T B Se e, Sehsh BanE 1 TR,

& 1 RN FRR IR

TiiH RREL | REINSERY SRR
T 5 50 46 929%
b 50 48 96%
6 ZEiE

G IR PP T oK RSEB R S TOUR R, 18X
R — R T HSV B A p S MEFRNIES B sl #e771%

W SR INE SR T, DU R G A R ER S IR

R e R TR S 1l HSV Bt iR S Canny %542

B - SEER RS AR TR Y B8 3 B 510 B4, S286

CERIEI, SRR R EPR I SRS R R, ARER

FEAZINES RGN R BT e e

B 3k

(1] SKiEHE SR, /Bige! | B THL A M IR Rt N Rk 2
BCOTIERIS D] i sl S Es,2020(08):93-96.

(2] XU, BHEIE , 2R . 2 TR L2 S S B R s v
PRHIRFT (7). MLEE T AR ,2020(04):415—419.

(3] TREHE . SETHLESIE I EEI HERURIFST (D). 57EE - (AR
K2 2015,

[4] Z5BH . EET HSV (Y KBTS 5 IERF T )] (5 AR
5= Ek 2020(10):8-10.

[5] Jeifs, ZEpRse , SRAA A . LT HSV B 28 AR EBEs (b #2014
MR BEFT (3], F TR A ,2020(18):81-87.

(6] EEEE, TH . RIRIDERINIE S BIEF 48R ()], EEmE A
AR (EIAREEAR ).2009(S1):66—69.

(7] #NE . FET Canny &R O EITEL Y I 2256 BRAZEN (7). FIY
B ,2018(07):31-33.

8] ZP5lE, 40P | A4 LT Canny 5719 B (500 ke )
FETE AR B P R AR (0], 2SN SO AR (AR
2 ),2020(06):67-71.

(9] MR . % dE & 0 E s IE T i E )] S Rk
% ,1978(02):33—45.

[10] FRHEAE , $REHIA , 18T1, & . Bl NSRE rh LD HEBIE T S

S (3], ARSI AR ,2016(S1):83—-85+89.

31



