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Acquire at least one fluorescence image
of a biochip

52 Select a preset local region of the
St flucrescence image, the preset local
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region having at least one borderline
frame in a first direction and a second
direction. the borderiine frame

se comprising a plurality of image paints of
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fluorescent molecules, and the first
direction being perpendicular to the
second direetion

S3  Acquire, in the preset local region, the
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s3 position of a minimum value of the sum
of brightness values of pixels in the first
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direction and the second direction, and
abtain pixellevel registration points
according the position of the minimum
value of the sum of brightniess values of

sS4 pixels

S4  Divide the pixel-level registration points
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into non-defective pixels and defective
pixels according to a preset classification

rule

85 Determine whether the fluorescence

&

image Mmeets a preset standard according
to the number of the non-defective pixels
Correot the positions of the defective
pixels according to the positions of the
non-defective pixels

s7  Defect image points of the fluorescent
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molecules on a cross ling, where the
‘ pixel-level registration points are located
of the borderiine frames in the first

S7 direction and the second direction, and

acquire the position of the center of
gravity of image points of fluorescent
molecules according to the center of
gravity method

@

Fit straight lines in the first direction and
the second direction respectively
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according to the position of the center of
gravity of the image points of the

fluorescent molecules, the cross point of
the straight line fitted in the first direction

i

s9 and the straight line fitted in the second
direction being  sub-pixel level position
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of the registration point
Acquire boundary points of the
fluorescence image according the

s

&

K1

straight lines fitted in the first direction
and the second direction, and calculate
the positions of the boundary points
AA No
BB Yes

(57) Abstract: The present invention provides a fluorescence image registration method, comprising: acquiring a fluorescence image

of a biochip; selecting a preset local region of the fluorescence image;

acquiring the position of a minimum value of the sum of

brightness values of pixels in a first direction and a second direction, and obtaining pixel-level registration points; dividing the pixel-level
registration points into non-defective pixels and defective pixels according to a preset classification rule; determining whether the
fluorescence image meets a preset standard according to the number of the non-defective pixels, and if the fluorescence image meets
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the preset standard, correcting the positions of the defective pixels according to the positions of the non-defective pixels; acquiring the
position of the center of gravity of image points of fluorescent molecules according to the center of gravity method; fitting straight
lines in the first direction and the second direction respectively according to the position of the center of gravity of the image points
of fluorescent molecules, the cross point of the straight lines being sub-pixel level positions of the registration points; and acquiring
boundary points of the fluorescence image and calculating the positions of the boundary points. The embodiments of the present
invention further provide a gene sequencing system, a gene sequenator, and a storage medium. The embodiments of the present invention
can optimize the positioning and alignment operation of the fluorescent molecules in the fluorescence image.
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B ke, BTk 55 BABG) B A Bp A T AR KT AL E B £ 2091 %
Foo PTRARAE PTG A Fo ROMEPT AL B SR KRB R & 0L46:
Bk — e b R MERT R E BT F — T m L & fe
RAMEPT 6945 B 69 3 SRR AR R R B A B, e 3B i, BTl
T BARPT AL B ) 69 P A A& 0 52 AL Ao PR F K, 3B ¥ &9
BT R RARER B A RS, B 3B ¥ HENEBARM 2B 3A F
NRBAEPTEALE
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KB, B 4B £ B 4A FIRAFEAE LR S TR EHTFER, B
AC R BH R BB EFFIETER, B 4A AR 4B B, B 4A F
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RKEBAAK AN 3*3 4 F A B, 4B 4C Fr~, ATRARERAEM L
MW REFIE (BB BLETHNES), WEKRKSLESHRLES
{2 B AR — RS E o STVAIERREY A, M B2 E AT A%
R LR M R M S & 5T e 6942 B, RS R T 894 B a9 & A AR
1Ko W B ZRAFAE P ST N 6942 B AT AP F R 6912 E, PTk
LI 233 0942 B AR R AR & o ARIEIX —4FAE, 3BT R TR 4E S
R AEANERL (4) (3) (2) 4= (2) (3) (4) [zEWBE/ER
Ja, B efe sz a9 Bt g - BARGGAZ F o 4E R B ALY 77 ik 7T AR AR
= LA REAECLE, TR — 8 LEANAREAEE TR %
Z O e L RN ERARGY B AR R RECE &, R 81 (9%9)
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S4: ARIETRIX 9 EHLN KPR F BB R D HIFE 5K E
BERFEHRT TP, ERFAREARERZE, E2FHEMEEAR
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ARk 9/ MERRBEE L RER —EA L, B RRMABMR AT EIE
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B, WwEAALET, REMEYESHRIFEARRETNR., ATHEHL
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A AR AR FIBTRTEAR AR Z AR T K TR AR A, FH R PT
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S7T: BFTAMR ERBESITEGITA S — T EHAH 7 med

W RBAE R LA AR R A5 F R e, RGBT S ERBRATER A,
FHEGESILE,

B RSFERT NP, ERBATERERECE )G, & 23T R
BB ST SR A RAL, AR EREE, TEARBE T OEK
BT R A TR E AL E 046 KIATHEAL R RBCE w0942 B
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WA AERL LA LR LS TR FEIR LA T &
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HAIE 6A AR 6B, B 6A AR ERLETEE, BHOBA
PHREFALZETFTER, 2B 6A T, BEXERBET—MLE,
FhEFFaT@y, WEANREFAEE, 6B P ATHAERS
B %o EARRABLAEEAER L& LA RLS;FHE, RIXKGE
BiXE A-64 3] 64 1%, WRPKE A 128 &, XU FFIRLER K I
QKA KR E— B RAS TR AN K H4e B 6A P, £ 3*3
BELRAAN, OZENZEAARSLEXTERETXE, QQWBLE
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2, B2 POANAREXFEFRERESNEZE, MEETHNEZE
BRA R BB A T A2 E, RIBLEFEBRE SR ENLSITFO A
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—ANEARE k. (B, RALG—FIR BRI A 0), AT
VAR &5 O b L ARMEAR N DL ST 09 & P BP VT K b 55 — AN ARME,
I B B E . T AR A, TR AIFEIERA 9%9 &)
R, @iF Bl 77k — T DGREE] 12111 1 DA B4R & R B R S

A K E AP A — AP R BB 77 ok, RIRAME A NE S
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— R AR, RRTAR R ARG TIE BRI, LF, TEFREA
HEREF—FTOEF T LES BE—FAREE, FTEARE
P aARENTHRE, TEE—FTOEATHES T &; ETE
IR B E B A, R AFE — T a5k 7@ LR EFg M
P4 B, FHARAE AT EAL & o OMEPT £ 0942 EF B R R B
B ARAE IR 5 AR HE Pl R BB B AT R ER R ARIERT
R R E PRI AR AR AT FEFRARE, BHR LR L
BUR TR AR R, WARIBAT 4T B2 BR EATRIR BG4 E ; &
ik R BB EPTEQTR S — T O EHE S eyl R &4
R AW RS TR R, AR T O ERIATER AL TR R
T E RBITE R A TR EG T E S ANAEESE— T A
Tk f e b E&, AR —FT o EMEHNAREMAEF =
FE LA e A B AR BB A B R B AL B B ARIBFT R
— 7@ 5T B T &) LA 69 B &R BT 52 L AR AY I R R
HITEAARATEGEE, RAARE T AT RHF S/ E
GPU #4738 £ BALEL A 7 ik, TS KRB B T4 etz /%
{2 Fo BT /B AR T VASK B 4% % 6947 24 B A B, AR I R A AR AR A 69 58 L
R B A 7 kL8 i 4 R a94F R a9 2= Pl ok & 2] 09 %L BIR 69 R
TRGHFARE, 2FNFLAREN R ARE, BmAA BRI
T T HAE T o

AR 8, 8 A GPU AR A T & H. AKX FHuM I
89 3 L BARBL A 7 kT A T GPU #%it, MRS AR E £
F, Sl 8 TR, MAKALF | NMEHA CPU, H 2 Mg 34
EHE A GPU., EM LA S =ZAHHE, SH ALK 1. BHEK2
AR E 3, HABITHRI 05— ANEERE (grid), —AN&
FEML R T AR ER SA%A23 (block), —AMNEALRANT AL ER
% %A% (thread) . XAZHZ 8] 3] VAFR AR A b4 E AT, &RAZZ 9]
VASE AR Hy ks B AT o £ R R SR A0 150 R A48t 64 35 Sk AR EC A 77 ik kit
W, ML AT T MEAF £ KR L AR A B KR L AR89 £ ANBL U R
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FATR I, Mk B AT AT AN B SRR R B, ARIESF AR
WMEIFIT. ARAFRHRT NP, EREFRBREIEF, Tl GPU £
BHE R 9%¥9 ANEAZIR, 5 R R TEAENRIB B, N EAZR AT
R ER SI2AGEAE, AR T H =T afefh—F @ Ed— G mf
ket E e R e, REFBEN T LRSI E, BERALE
1B R P AR R AL fe RAR GG E T &3 Bk — B, AR FF
#

VAL A3 R R B 5K 3 A5) PT 34 69 77 ik AT 8 i iR . TR A
KB R #a4p) BT AR A 64 A B ) AL AT R A

AR RGP ERE—AFEARNFN, Q15545 AESR G
BAEGMS LT AR LT EMAL S, TR B RATET
HAZ R B R AL _E A — R 7 X P BT R 69 5K BAREL R O iR 69 3R
FE2uRa R, TAKEMNENTAOIESAFE. AF AL, &%
Fd. b, MRS AFETURATEREDEH, TELFERT
VAR TR B A AR, PR iR & 5T VAR T ) Bl #9R 693X 50 sk AT &
B o

B9 AKKP—FHT XERMNFAGLEHTER., B 9 BT
T, REMFA LIEEHES 10, G5 10 P AHA LB AF R 4%
100, BT A FW A £ 4 100 T AR A R 62 ) — 3 A B
TR SR BB TR B E I, P, Mk B3 KB % —
a5 G E LR AE—FAREAE, TARAFRET SR E
SFRE, TR - R TARE T m; APTE IR A K
VT, RBRATAFE—T @ EMAE —Jm b Efe g MATEMIZE
FARIE T BAL F Ao MAPT R 692 B 1F 28 & BB R B ARETRL &
KB KE P R AR BB A B ST R 5N AR AT RS R A E H
B7 BT 3R 3¢ A AR A & S5 AR R, F R - AR 3R A B & TR AT
e, WARIEPT AT #6912 B R EPTHA IR w6942 & ; EATARB KRB E
EITEWNITAF — T @5 E H @ eyl FERAER L& AR
KT E, ARBECERBRAER LS TR EOET L E; KRB
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TR RS TR ENESEESANENAEE —FT a5 EE =T
ERAEAE, TAFE T LSRN ERSMEFE T s
Q‘Jﬁ%é@ﬁi WP A B A DAL B BALE s RABT R B — T ® B AR

=75 LA 69 AR R IR PT IR R AL AR AR &, St Bt
FEazE . AXARE T —AEAT 24005 E GPU #7534
BARBL A 77 ok, T AT R B T & 6 R A2 B I A A BT /R AT T A

KB B F QAR AR B A AR KR U SR AR AR 69 R L AR BT R T iR AL
By RAF EORZHABRE R ORI ERGMNERLE FEIFE,
&F 7(\5?(:\7}1‘/&\5’3):7%,.4% B B A SR 69 bu e T RE

REH A XP, AR FA LT AR R T 5 20 B A EE 30,
HA555 10, 275 20 T A5 A 5 A 5 30 Wik,

T ey 453 10 5T AATRRE £ B B8 %, AT Ah& £283E,
Plde, TARARMFM 1 G EHE. WG, LT ARTINETIZA
B FA 1 895K, A5, SM F (Smart Media Card, %7 fk L4k
*). SD ¥ (Secure Digital Card, “2#FF) ¥. »i, H#SE
10 TABESREMNAGR A4S, LT ALKEIESEXEGHE, 7
R, WA, EHEXRL, it AET (Smart Media Card, SMC)
22 4F (Secure Digital, SD) £, W A-F (Flash Card). £ —/
BEGHENE, WHERH., ARG ABRBESHHEEF. 5#E 10
BT A4t & L4, Blde, TERARNAEN 1 FL2EHE L AILFH
(Applications) . & f LR A BBEEAE T HmiXE . RIGKIESF
1% o

BRAE20RETARMUAMNL, AT EFE 4L,

KFZ 30 BT AT AT R L BARBLE 7 & AR AT A R A AL
1 REFAOEEMMS, Pl ERARARAL A THMASF, LEE 30

B0 kT4 2% (Central Processing Unit, CPU). #%4=H|% T

(Micro Controller Unit, MCU) H T £ it H A48 2 A R AL 32 7 H A
BT IEGEE,

Bk 69 A5 BF R R 22 100 T KA — AR S AN 3, Pk — A
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REANE A GHAELBRNFB 1 O EHE 10 P HREE kb —A
REMLE (RFEHRT XA —ANLEE 30) 4T, AT RALHA
FAHP . Plde, AFE 10 s, PR RN A F % 100 T L 465%
A G RBAL S 101, A3 KB RAL R 103, & REE SR IAE
He 105, BB &0 £ 107, BMRRE RIS 109, R EZFRK
EAE 111, RASTFEORBAER 113, B ZFREE SFRBAER
115, A7 Sz B KRB 117, KK FE P TR T UAZ T
AR RN RREIALT B, IR R E S TRRKAM AL E A RAT
igAE,

AR, st EARERLEET EPEERT X, £
BB TTAELER 10 F A6 & oh ik b 09 — 305 R A3,
BRSO AR AT BN B &3 L, U LR ARG EE
77 kb &Ry X P A8 B 69 % 18 A8 X G 18 R B ARG AR BLE AL ET
AERTFTATHEBEG RN B, AT EERRBELTERL, £
2O 7 N o % I

RAEMGKBAER 101 TUATRBRADEAHES —RALRE
1%

Fy 3R KGR B 3R 103 T VAR T BOAT R R R AR 69 TR B &
K, ¥, FEARRBIEBEE—TaEE T LE) AAE—
FARGAE, TERUFEREFOSETRAS TS, TEE—T/
EHTHES =T M),

W BB BRI 3R 105 5T AR T AFTR LB KR P, &
BHASE—Te5MAR S G e M E e MATEILE , FARIE
B i 4 Z Ao O MBPT AR 692 B AF B & BB &

AL B £ AR 107 ST AR T ARSE #4850 AL W R B s AR & 4R
AL B0 4 B 53K 5

BAL R E R AL 109 T VAR T AR 3B BT s 4F & 69 S P AT if
3 AR AT FAEFRARE

HREAZEREAH 111 7T LLR T ARYE AT £ 4F = 8942 B AR B AT iR
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B E

RASTECKRBAES 113 TR T AR E BB A LT E
TR % — @ B ATR F =75 @ 69 1 T KAR R L& AW R A ST
Bw, ARBESCERBRAAEARAS TR ENTOEE,

AR & R EL R BRI R 115 T AR FARIEATE R A5 T8 5
WESEESANETASE —TOEASE T LEeHL&, LS
— @ LS BN AREMAEE TR LS BN ARG A
AL /R B0 DAR & BAz B o

e Az R B 117 ST AR TARB L % — 77 & STk 5%
=5y At 6 B A GR BT R A AR AL Sk, SRt BT R
AL E

AR FR P LR —APAE B K EAT AR, A LA
W H ot EAA T, A i AR P A AL B AT SR L LR — 5k
75 AP a9 5% L AR B 7 ik ey F 3R

BT K R B £ /2R B ) AL T AR &SR R A AR B/ T e
RABAF ) e F- TG XK IH A A IR 20 = S4B AL A B, T A
Bt e — A AT IR AN R T AT A LM, KAXHRIAL
EREH T X kb ey 2R aAL, LT GBS EMALR R4
AR KGR R Rk, PTIEAY T B AL T A6 T — i1 B AT 2 A6
AR, %t EIAL R AR RPATE, TR EREZENFEEHK
Blag 5 e b, Prifit EWAR 5 46 H AR 5 XA, BTkt B
R AL ST LA RARAG IS Ko 3 FARAG S XL ¥ $AT 4 Rk 2k 9]
T K& o PRkt BT s A AR VT VA8 46 Aea% 35 Pk it HduAZ
AR T KRB RKE LR U E, ABE)mA, #ek, 2,
THENGHE. Ris#% (ROM, Read-Only Memory). Fi#L& B
#1% % (RAM, Random Access Memory). ®EHEZ 5. w3425 XU
B HAF 5 RN TR F

PIT AR AL 3233 7T VA P s 4 32 ¥ 5T (Central Processing Unit, CPU),
LI AR F A AR K FIE 5L ES (Digital Signal Processor,
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DSP). + A& & ® % (Application Specific Integrated Circuit, ASIC).
AR 4w A211 %3] (Field-Programmable Gate Array, FPGA)3k 4 H 1k
STRAZZ BN, 2 TRERREZHEM, s FA/F, &
AR TUARMEHEBERFZAER LT AR T FEAG LS
F, TR ERIELRNE R S/E RN ELAG IR T, A A
& P 0 Ao R IEEE A KRN P R /AR B AU EAEES

T BiE & R T B PT iRt WAL 5 Fo/ R AL, PTARAK KB

BT RPAT Ak AR P& B0 35 8t AR 5 fo/ A 3, VAR

R B4 BB E N e RIE, KA KRRNE R S/ B R 5 LLEY &
AR, TR BMET EIROEABEFEPEMEERX, X+, &
AL XS] BRRIER A 2 —ARATEN L AAEF (tbde 5 5
WA, BRIERARE) Fo b, AHETOIOIESRMAA
BARE, BT ALK KRB AHE, Pled, NG, HEXRL
#, & f¢ G 4% F (Smart Media Card, SMC), 44 #F (Secure Digital,
SD) -k, WA-F (Flash Card). £V —AN#EGHEF. NWHESH.
RIS KBS B A S A

BERE TR TN R E T KNP, RiZEME, raka
Biptadyik, TUABE R T T XNFER, Plhe, A LATRIE G R AR
T AR A TG, Flde, PTG XS, RN — AT B 4 )
Re X9, FIRFILE T AR 5 sh ey Xl 575 Ko

st FAGRBEARARMET, BARKLHAREPRRT LR EE
KA G, T BN R 3R K B R AP 69 A7 AT AR R4 AR 69 1 0L
T, AEa% LA Ay BLART XK LA R K ae . Bk, Rt AIR— &
k) F, BRKEERB AR TR, m ARG, KKAR
AP 69 TL I W AT A & K R A LR E, Bk B AR A
A B KA BB 602 X AL N 8 PT T T ALE 6 & A K O SR AR
Mo TR H A K o GO AR AT IR B AR TTAL o R BT 35 B9 A 2 K
B, FERLGRBAERFTERELNSNEL, BRREELTUH
Bl— A2, EHREF AL RE R E A,
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VA B 5% 36 75 XA CABE I A A 5% 4] 69 AR 7 ARk, K
TR EBAE R T XA AR WK AB AT T HFmil i, AAR AR
LBEARAANR L LR, T AT A KR A5 6 FAR 77 R TSR

F R B ARAR TS L B A KA FE A 6 AR T F e AR A A
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2. RFERAZK 1 ARG RARBEE T &, L4 ELET, £
RBATE F — T 6 5 AR B =T v AL E e R NMEPT R A9 4E B Z AT,
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