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Fig. 1. Illustration of the orthogonal astigmatism-based single molecule localization method and its requirements on image registra-

tion: (a) Optical path of the orthogonal astigmatism system; (b) astigmatic image pairs corresponding to object points at different

axial positions; (¢) dual-channel image distortion caused by orthogonal astigmatism and expected registration result. ND, attenuator;
L, lens; M, mirror; DM, dichroic mirror; OL, objective lens; F, filter; A, aperture; BS, beam splitter; CL, cylindrical lens; EMCCD,

electron-multiplying charge-coupled device.
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Fig. 2. Schematic diagram (a) and algorithm flowchart (b) of the EMP-FRE (i.e., elimination of mismatched points based on fidu-
cial registration error monitoring) algorithm. I, image; P, localizations; T, registration parameter matrix; FRE, fiducial registration

error; E, error threshold; subscript 1/r, left/right channel; subscript 7, control point number.
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Fig. 3. Effects of transformation model selection and mismatched point elimination on registration performance: (a) Left channel,
reference image; (b) right channel, image to be registered; (c) right channel, image after LWM registration; (d) localizations re-
gistered using different models; (e) average FRE after registration using different models; (f), (g) statistical data on registration er-
rors in the X and Y directions using the LWM model and EMP-FRE algorithm, obtained from 140 pairs of localizations (control

points) from 5 different field of view fluorescent bead images.
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e AR, LWM RIS B (19 8 7 o5 (80 4+)
TN 275 38 6 (L1068 “47), BERIATE IE A5 L
B R, A LGS T T R AP EIE AR 1Y
AT A 38 T2 mAE L A2 1) 2PF BRI FlE
AT iR e AR 69 PWL LA & T R dE L
PEIEZE 1 LWM B AL R L+

20, R (5) T3 EC e 5 45 SO 1)
FEMERCHER 22 (H) FRE) SR it R AEH B ARG B
FEXT 5 WUAS [F) AL BF 1 2 S 2k 4 (9 2 140 X 45
il AT Sy, SR ANIE 3(e) Bz, AT UL, AH
It AT, 2PF, PWL S5 #LAL, LWM A5 A f i oA
B (27.4 nm) BEG 2. ORREY, 7EIESRHUR

O AL A R AR L SR I AR 1 Ol E R 22
HIE T E ARG, A IR [ R AR AR
B TekG | A A R I A AR Lk 25 S A, T
HE A JEIE AT REATAE PR AR A R PO 55 PR R
B R ERAR LI AL . SR, IEANATSCER FIRY, i
T T A EE—RAE 156—50 nm, EORZi#HIE
P& P S JEE 22 /D 2242l 7 10 nm RLPY B4, TRt
A E T RIS A K RS AR 2R
PEJRIE AL O™ E AR, ORI LWM F AL E
A BCHEIR A 2 LARAT A 05 =R RE A PR IE 4 2R,
AR B PAE T REAL A 9 Bk P BE LA HEH
SR B RO R BERT AR VT FC A )

3.2 IRIEE=SHRREEFMBIR S

5L 3(a) AN 3(b) AUARIBIDE TR IR S
FE AL 45 5 R ], SR AR ST B 1) S0 B3 152 DG E 1)
EMP-FRE 5.3, F H W7 T A AEE 41 X5 #1655
HORESE 2—5 Sl 2SR, DAk G ik 28 R A v A
S AT T AN R B DG E P9 22 67 i R AR B 70 S 40 Ak
THAERA M (2 . K 5] 2 Br7s ) EMP-FRE 8.3k
R T LR 2R KGR (L iR 22 B (E B %
B 30 nm), FEAE AU E AT S B B 4 1 XA
S AR FH R A s ) a5 HEAT LWM AR e i 151
FEIEERDER 2 (Y FRE,/N, N i
BB IESR ROk, SRR 1 . wT L, kAR
SRR, BSR4 41 %o 42 ) 5 0 A7 78 s 74l
SR IF AT AR L E 5 45 2 92 FRE A
29.3 nm; 1% ] EMP-FRE B35 )5, U7 3K
W ARAE 0] LUAE MK 25 2—5 Sl S 4k 23R 51
&, MM F-34 FRE /03 2.9 nm, FCAER S
AR HZ T B AT TWM AR e A He e T
10 £%. sbAh, IE 3(d) i WA 2], R LWM
BERUFT EMP-FRE Bk 5 @0 8 (a4 B4
A H IS 2 E AN (L0047, TR ARR miY
B VA . SR A () 2 B i HE Ak 4 i Bl B
5 5 CER AR HEAT A0 BRIRE 5 20 50 4% 15 D g 42 71
SRR AR B R L 3 k. MiFEIE 3(e)
FIGEEE R, T AR 458 5 Wi 140 X4
il SAL 7 24 FRE BRI SR F LWM A58 5 5 1)
27.4 nm P —HE ) T 4.7 nm. & 3(e) B TR
FH LWM #E R F EMP-FRE 8095 5 45 1 5 i B A
e fiRzE (B X! — X;) geit, K 3(f) I\ setrE
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fiiRZe (MY, —vi) geit, wl LIA BIPASJ7 ) 1 HY
FE LR ZEARTE 5 nm KL (B #EZE 53900 1.7 nm
H11.0 nm), YABPIANTT [l A0 AT B O HERICR..
F 1 K 3(a) ME 3(b) 2OLEKEL A EMP-FRE
ARG A B A FH R A P X AT LW ML S o e
P 2 BRI M DR 22
Table 1. The EMP-FRE iteration process of the
fluorescent bead images in Fig. 3(a), (b), and the av-

erage FRE obtained through LWM registration us-

ing residual control points.

HLAWEL BIBRIERIRARS  PIEERCHER 2/ nm

0 — 29.3
1 3,4,6,7 1.7
2 1,2,3,4,5 3.4
3 2,3,4,5 2.9

1548 10 &, 76 EMP-FRE &k, %25 5
{H B J2&H1 W il 00 2 5 A2 A 1R DT RO Bl AR
PR 1R A 3 1 1R 22 B (N AR R 2 SR B A
PR W R EBE R E NS R mE AR K
B, 2 A % AR R v S B 4 Rt ) 4 ) AR
SEURSES RN B RO D B AR, TG
A 38 S M RS B2 (R R R TR 22 B
TR A R ) 25 R ARG 152 D i Xk v At S0 85 1) T
P, T AR T ks . P T4 0 3R B 3 5
XoF B B MG T HR A AR B, DRt T DU
R FETRE (1 73 B IR 22 0 E IS %14
B, 7EA B IR ZEE R A B, B
K E (R L& bR E 22 ) % PR &R
GERE U E N 13 nm, XN PR (R 2.350) 20K
30 nm, PR HR 25 BB A BN 30 nm. b
S HTIRZE A B BON A BN 25 SR s,
— R BI{E R M 10, 20, 40, 50 nm X 7] —
PR B AT AL B, I8 25 R 5 R 22 AN
30 nm HHEERPEATXT HE, S5 RN 2 FFg. 3 2
ATLAE B, 22 BERE R 20 nm B, ATLIAS 35

PR 25 B {H 30 nm BFAH R A 25 52 (B4R 3 1k, K3
FRE # 2.9 nm), A4 B8 RK/NSK, WER
UBR L B U EAC I B B 42 1) i B3 S 25 52 B 52
T U, 52 i 5 22 P T VAR

Ryt — B E EMP-FRE 535 76 A BR 1% VL AL
ST PRBCRFIROR, K AU s A 3R
A Y5 R DE FC S AT AL B, O L 3 B 4
K. BEHLIFE—2: (random sampling consensus,
RANSAC) 5% 22 0] F1] FH BEA LA AR (B 5 A i pii
XL B REAS S BRI VEIC 5, BT B ) St
PR, B2 0 T ER B AE b i 4 ]SS RC B B
I FHBAS SO e i ABEAIL 53 A5 9 S 2k XL 38 R
P R A7 285 SRR i SO AR I, RANSAC B9 H
PO S 70 A B A 42 ] SO0 B AL TE H o %
VERPIRFEASE ) A TR AR sR B AL T 54K
it I S B AG THE R BCHE A OBk S
AT ECIE T FOB A, TR B HE S BT A i SRt
1) FRE, FRE /N T B8 1R 2 H{H E 1HI A N A
FZHNB R A a5, 0 sk s RN B B
TR FEASE D N SR, S e RN S n I
2R IR, HEEARRECR T k(B RN A
BT i N S m ); e, BB RN 8
XERE B PN T AR BRI S B, A5 B Al
. 7RI E3EAT G 728 A RSCFDIPY,
RASCFDI+RANSAC2 match®! 25 fE A%t L, A<
SCRINEL 3(a) A1 3(b) P BUBEL DL ER EIER 1)
FENL G RN S GRS, SR DL =R iR Ie e
RO BREIESATA B, AR R F LWM, 5%
ZWE EJE R 30 nm, I BV EFEAT
h 30, FRIEAKEL kA 500, FEHEAT 100 YA 5z
PESZS (BRI S50 BE LA IO [R] 42 i s P2 S
HRIRFEALR), SR E 3 g, Hor, 25
FRIEFRAE 100 YA MRS H il ad 500 Yk
[ RTES E R UN YN N 8 € Y gLl A A 1B~ AW '8

F 2 REBED AR BCHER 22 1

Table 2.  Effect of error threshold on iterative and average registration errors.
s FFUREAA R AT SO e BEURIEARS 1 T B BCHED 2 /nm
BR2EB(E/nm
1 2 3 1 2 3 4
10 4 16 10 11.7 5.8 5.6 5.4
20 4 9 4 11.7 3.5 2.9 —
30 4 5 4 11.7 3.4 2.9 —
40 4 3 — 11.7 10.4 — —
50 4 2 — 11.7 11.6 — —
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Iy Jr 5 0~ 1 3% AR UCBUR: 18 7 1 2 4 21 35 DL i
SR ST M S v B R A AR BT AR AT I,
¥ RANSAC, RSCFDI A1 RASCFDI+RANSAC?2
match =RV L & 50 B 38 3% v H T LARE HL S A
PR MG 1 E L 485 AR A s s IE I,
Ty 5l i DG JC i A ARE 38 o v AT 84%, Hak Rk
B /D RT 2 165 . AHELZ T, AU Y EMP-
FRE 530 H T AR ] 09 85 i i A F5 2 3 Ukak Ak
AT AT A IR EC S AR ) Sl T B A ARG v
223 TAVCHL A IR BACR Bt

Table 3.  Comparison of the effectiveness and effi-

ciency of algorithms for eliminating mismatched

points.
N S B T 5 SEAC I T 1
RITE SR SR AP U K
RANSAC 0.84 165
RSCFDI 0.49 217
RASCFDI+ 0.49 260

RANSAC2 match

FEHIE P, 75T RANSAC B HoAH B 5%
R D JE 5 o 75 2 2 A Sl ) e BRI 36 BB %o 42
LS AE A RIRREARSE | SR 5 AT A B Py Ak i ok
FOFNZFEASE, MREASE i e i SO T R 22
P 2 1 {1 PRl Y A, B 5 8 e A R VA AR
R, 76 I T R 56 S BR B0 A BRI (478 1
X KA 41, PRV SRR N 4), SRR EEA
o BEEE R 30 B, — WA R R REASE Y
2 ) 85X I 2 247 kg o A DG 92 ) 50X 4 M R Sy

3 pm

P =C30/C3 ~0.3%, NI BEE A H
A IS IR B SR AN/ € €SI SR/ R (X S5
R BEANZ R T, 8 R R REA R n ]
—EFEE R EXA NS (HA L2 R, EMP-FRE
SERANTT B AR T2 BT A ] s XA
FHATEAHIWRY, B R 7R A 1R 22
{H B B AT SEBLGHER DT 5 0 Bk | s 515

R T VAR AR SCRT 4R G I 1 1 7 TE S AR
BTN RGO SEPRBLIERCR, B 4 450 T —
2 SRR O IR MR S5 . SE50 1 Seil 5 T R
MU AR AE S 3% A A B A2 200 nm ZECEREE S, IF
W 8 FIE SRR T 0 RE Y & LikAT
RGHETE BLAS, SR 5 XT3RS () RGE I8 EG A T 55T
TENL, B8 LGS A P T S AR, 430 R R 5
B LWM 35 (RPASIBRIRVC AL ) RIS SCHFHE ) 45
& LWM 5 Fl EMP-FRE . % 19 05 12315515
B HESBUERE, I F T X0 A7 3 18 BRI AE 4
PR BN ACHE 5 A A R . T B I 7 e v
BOR, B 20 IS R E SR AR BUR, B
BC v e A A7 18 38 EUR & B P BUE , FEH W
HOEATEM, BAACR H LWM 2 R LWM 4
I %54 EMP-FRE 53 i 45 09 & 45 28 43 i an
&l 4(a) FNE 4(b) Bz, Hor i i EHR h o Stk
G Bl E B ()04 A K A, 7
TAREETT R Z 0 RSk (. 18] 4(c) FIIE 4(d) 2051
[l 4(a) FHE 4(b) HiE o HERIECR I, & 4(e) Al
] A(f) 2R B 4(a) FIEL 4(b) LTy fER R
. AL, AR AN AR X 3 Bl R B LWM

I
2 pm

2 pm

B 4 S BOCEREBR B ES RN (a) 555 LWM MIECHESS R (b) 454 LWM fl EMP-FRE RYEC#ESE S (c), (d) 35 @5 HE
BIRCR I (e), () LLEITTHERIORIE th (o R ORRILEE RIS, S ORREUET N EE G, WEEHESI VKA G

Fig. 4. Comparison of the registration results of experimental fluorescent bead images: (a) Registered image using traditional LWM;
(b) registered image using LWM+EMP-FRE; (c), (d) enlarged views of the blue box; (e), (f) enlarged views of red box. Pseudo col-
or: purple represents the left channel image, green represents the registered right channel image, and when they are accurately over-

lapped, the color should be grayish white.
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L S A T 1 S G ERAR BEATIAEAE FL A B B 1
RUERRVCECAE B, 0 R FH LWM #8455 EMP-
FRE FEBT PG BEN GRS AR AT M VT I, BEAR
MBS R, e AR, 8] 4(a)
Xof 7 AP BEHE RO HE R 22 0 54.7 nm, T & 4(b) {X
H 6.1 nm, BCEAEBESCIL T 9 fi5 R4 T, SAHIL,
SAAYIE, TR RIMETR XS T IE SRR 272 o R
G X FOBGHE 1 EURAFAE ™ H AR LA AE I L,
AT LR 45 A LWM BAUF EMP-FRE 53619
T AT RERS ELHE R BEAIL 43 A0 158 SRR AE i 52 R
249 6 nm [ECHERG .

33 BEfREAENEZGHESFEMMN
=AU

B, W AR SCTHE A PRI B vy 9k 1o FH 81 1 58
TGRS T RE NSRBI RO AL BR b ] DURE R UL
FWRIZ T B SEREROR . i, LIAHRE 60 nm, 5
XY VIR — 7 B (il £ B MAETE AR 400 nm
T L 400 nm ZePEAEAL) B9 — X172 AR
B URE i, DL PR R R G A HE it 2o AR
P, BAULAE i — 4 IE SSAR B IR R S Al

(1000 i /38 18, 50 F6FECh 500 % ¥ /E A,
{FME LR 35.5 dB), JFAEHA A BRI AT IA
SF17 200 nm REDLAEZEMEDR 22 (RTI AR 2EMEL
PEAE R BEAR ). B i SO AS [RIBC ¥ 7 32 6) BEAIL
A3 1R G BR R B 1A 7 A B i 445 28] R A5 18 3
TR 8 B B IR A T A, AR BB HE S
A 30 T IN PR B , P 2l R s
I IE S AR HBORAR 1 WGE T TVSTORM &k [19)
HEAT = 4 .53 5 o AR 43 H R T, &5 R
K 5 pis. Hodr, B 5(a) 4 T RREE T EATE
FNAPATSE D PEER, 565 1 4 X B2 (RPJER
ZRE) MEMZER, 5 2 HNAIREBE R
HEE AL, 55 3 255 7 409K AT,
2PF, PWL, LWM il LWM+EMP-FRE fi¢ # &
P TR A A ZE SR, XTELER 2 4IRS 1 dhgs ST LA
HWE H, AiRE RS R B TR, H
SEFIE o ARNUER Y5 T LAt L2 285 SR 00 T L
W, AR R A TR e 2 5 i E A 45
WAETEAR R D5, Horbr AT e v 5 B 55 4G R0
2%, 1 LWM Al LWM+EMP-FRE B¢ vfi () 7 A4 45
S50 HRZH ) SR 25 SR A R, BRI

z/nm
400

—400

1.0 1.0

Normalized count
=)

&
Normalized count
=)

o

— Control — LWM — LWM+EMP-FRE

1.0

0.5

Normalized count

0 60 120 180 0

Position/nm

Position/nm

120 180 0 60 120 180
Position/nm

5 SFATERARIRE AR R A R R () RIFIEIE U 19 E A R 1 TR 22 B0 2/ 1R 22 R e HE A 3-AT Pid e
i 4-2PF We B ; 5-PWL T A0 6-LWM g #ESH ; 7-LWMA+EMP-FRE it #E 508 ; (b)—(d) [ (a) v 3 A 1€ )5 HE &b it

S A A T 4 G T

Fig. 5. Comparison of super-resolution reconstruction results for the simulated parallel line sample: (a) Reconstructed images from

data in different cases: l-error free data; 2-unregistered data with errors; 3-AT registered data; 4-2PF registered data; 5-PWL re-
gistered data; 6-LWM registered data; 7-LWM+EMP-FRE registered data; (b)-(d) the corresponding cross-section profiles of the

three white boxes in panel (a).
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4 FATEASIDURE i T AL AR AN ) B HOS HRE 5 i LA

Table 4. Quantitative comparison of line spacing and contrast in reconstructed images of the simulated parallel line

sample.
ZE[A1HE /nm XF B /%
b c d Ty b c d 1
Control 58.6 59.4 57.2 58.4 82.1 87.2 76.2 81.8
LWM 55.2 58.8 55.8 56.6 7T 83.3 48.5 69.8
LWM+EMP-FRE 57.2 58.4 59.0 58.2 4.7 79.4 82.1 78.7
1op@ Ao
o LWM a
_ A LWM+ :
W El EMP-FRE
K - / 5
Y Z/nm
) 400 -ﬂg 75.2 nm
= 0.5
D < 47.5 nm
R g
| 00 S
0 {u o
0 200 400

Position/nm

B 6 MESLREEOBSBREMSERILE (2) THPOCERE; (b), (c) Bl (a) H A @77 #E X 380 8098 4 3% LWM 2% #1
LWM+EMP-FRE ¥: I #E J5 1 A 45 5 (d) & (b) F (c) HHZT (0 W (0 5 HE Ab Xof 7 1340 780 T 4 s il &

Fig. 6. Comparison of super-resolution reconstruction results for microtubule experimental data: (a) Wide-field fluorescence image;

(b), (c) reconstructed images from data of the white box region in panel (a), registered using LWM and LWM+EMP-FRE, respect-

ively; (d) corresponding cross-section profiles of the red and blue boxes in panel (b) and (c), respectively.

BRI 3 AR AL (X A ) i 1 A e
JE ) i PR 4 A LWM, LWM+EMP-FRE 41
ATER EUR A A — A BT A B M Ze T A X L, 45
RAE 5(b)—(d) . THELEEEE (R) 2k 4 i
AN 2 [R] (A RE ) A HL R (RPER — e 5 T3 Ak
() ECAE), AT B 16 X =41 P AT4 BRI 2 ]
2258, 5N 4 g, R 4 T LIE R, Bk
FIFH LWM F1 LWMAEMP-FRE 7 F e v 7 25
A LAFS B A e ot R A 5 4 SR, (B3 e
M2t — U454 7 EMP-FRE & 09 BC 7
DS BN TAT LRSS R A EL Bl SR ) LWM 7 ik 2
HG A A R 2ZE N B IE, HTSZe R AT H
b T VA

HE— 4, ¥ LWM #1 LWM+EMP-FRE P
P T 3k B R S 50O T A RS B R 9 1E
AR 3 o AR S5 £ i, 25 R an &l 6
R, Hid [ 6(a) b BS-C-1 41 & R 5%
PENCEIUZ, E 6(b) FE 6(c) 205101 6(a) HTHE
DX 31 1F AR A N AR B R F LWML L
LWM+EMP-FRE 6317 BC i 5 P T 5 A8 BT i
IRE A PR, 1] 6(d) 45 T R4y i3 —1k

B E <. "TLIE S|, LWM+EMP-FRE #:/id
YERSCHE (1) T AR 25 SR v e o i S AR B e i 2
FA) 2 i 42 5 R LWM g S B 75.2 nm J80/)N
F| % ] LWM+EMP-FRE Bt #1519 47.5 nm, A
SO TR T E LR . (E AR A,
FSZBR Y 1E SSAR R 43 T 5 A AR 2R e BGE I
BEATAE 1 Jr) B LM A LU ASTARLER A i) 3 22
TP R A A T A ) OGS T AR R T ik EE A
15 2 5 PEEUR ).

XS HE IE— UL T 45 & LWM A5 7
EMP-FRE 51 i) fic 1 350 SR A 1IE SR AR U5 F /8
PG BN T IR B AIVE T, HmRs B FL 2
SR = 24 3 R 57 VAR S0 B 4G &5 SR o T
HAEIE, Bl LWMA4EMP-FRE e #E 7T DAZEAR K
FRPE T U0 LT 1 P52 ] f1 15 2 X6 2 A 45 SR 1 52
U NI 122 AR S B LY, ) V) & s R R VA A
PP

4 RAES5RED

BT 2238 38 B0 o B S8 A5 AR E E ]
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FEAE ) EUR BCHE TS SR AR, A SCHE R I BERL A7
YETCIRAE: fil 3R AP 56 1 A0 P 5 R 4 M 3 R A 1 3
fili -, 38 3 E R AR VG Bl R AR AR R S A 1) 1 AR
HP I 7€ G ER R AV e A4 DC T 8 2 o 4 i ki ok ik A 7
VAR, & T — I T REvE BT =R 22 W I ) %
UIE SR (B EMP-FRE), 145 T LABEHLS>
A7 D CIRAE i VE Ay JE v % 42 ) AV SR ECRIORG
BRVCEC T R R R, IF45 6 5T B inaser
IR B 25 07k (R LWM ARAY) | XSG
TE PG ] ) AR SR A T T WA P S5, i
SEPRT A B ERECHE . AR SC LA MG AR L SRy
AR L H ) TE AR TR iU R 161, SE i
15 LS B 4 BT T A8 AR Y 3 B 0 TR YRS
RS2, U BT X Je S AR R M TR AR 1) LWM A58
TIE A 2238 38 TR U, I RS B (P18
27.4 nm, N = 140) {570k R HIFE 10 nm DAY
(AT 3K 454 EMP-FRE 853 5, {0l o
3 WAEAR BRI VDR R VT B S AR, AR T 5
() LWM AR $ S50 8 Bk B2 32 & 17— 4o
%% (¥ 4.7 nm), 1M EHAHHE RANSAC 45 HAthiR T
e S0 R A ke LA B v ) 003 R B S R IR
i — 2L ) SR 2 R R I, BROplR F LWM B
Je VG 3 3 AT A 30 T S BRAR BEAT A B B i o v
W PCEAE O, ik ] LWM+EMP-FRE [t i )5 X
BB ERAG AR BEAS ARt b DT FE | SF- X5 e o 1 22
M 54.7 nm $EFF] T 6.1 nm. FJ5, HEAXTIERZER
BB T 8 5B 0 AR B 45 SR EA T 43 BT FD LR
FWR ] LWM+EMP-FRE Bt ifi J5 32 7] IEAR K
PR /D UL P14 [ P 15 2 X A o 45 SR i 2
M), DT R B - i 1 S8 AR BB B3 5 v AR
P

{EAF— LA, A SCHARIE LUIE SR HUR T
TE T BAGRGI FT T I AT AR IR, (H
BRI FHBEDL 53 A0 9GRS AR R S HEY) IR
454 7 EMP-FRE 53519 LWM A8 3E 47 238 16
UL BCIE ) 7 258 1. X Ry, 7Rk A SC
T T 04T 2238 18 R UGB IO ER,
S AU 35 X A8 T8 ) 2 ER MR A T A
BIAFEIRY, 5RAIESSBREOF I A CHR. I,
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Abstract

Single-molecule localization technology has been widely used in single-particle tracking and super-resolution
imaging of biological samples, as it can bypass the diffraction limit of optical systems. Multi-channel single-
molecule localization uses multiple imaging channels to simultaneously track different targets or perform multi-
color super-resolution imaging, and can also improve the axial depth of single-particle tracking or achieve higher
localization precision and density for super-resolution imaging. However, the difference between images in each
channel can affect collaborative localization or quantitative analysis, so image registration is a key step in its
image data preprocessing. Moreover, due to the high precision of single-molecule localization, its requirements
for multi-channel image registration accuracy are also high. Existing technologies generally use control point-
based registration methods and often use complicated and precise methods to obtain fiducial images for locating
control point pairs to achieve high-precision image registration, which involves high sample or experimental
equipment requirements and is difficult to directly extend to other systems. Therefore, developed in this work,
is a high-precision image registration method that can directly use randomly distributed fluorescent beads as
fiducial samples based on local nonlinear transformation and elimination of mismatched points. By monitoring
and iteratively filtering control points in the process of feature matching and transformation model parameter
estimation to eliminate control point pairs that are not accurately matched due to inaccurate or poor precision
of single-molecule localization, the adverse effects on accurate acquisition and precise matching of control points
when using randomly distributed fluorescent beads as fiducial samples are eliminated. At the same time, a
second-order polynomial fitting based on local weighted mean is used for estimating the transformation model
parameter to better adapt to the existence of local nonlinear deformation between different channels. The
results show that using this method only requires three iterations to find and eliminate control point pairs that
are not accurately located and matched, thereby achieving more accurate transformation model parameter and
improving the registration accuracy by an order of magnitude, achieving a registration accuracy of about 6 nm

in a complex dual-channel single-molecule localization imaging system based on orthogonal astigmatism.

Keywords: single molecule localization, multi-channel imaging, image registration, elimination of mismatched

points
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