| %49 % 224 89/2022 % 12 B/ ERE

s S AN W S PR 5 o e R 26 i P %
B i 7 WS

RERDS REAT REXT, RS 0, 2000, RRAT, A4S, KRR, HEe,
AR, BRES

U E R R R IR R E O B AR B . H B AT 230026
* b [ B AR B A TR R 2 T 9T B e OGN B WU 5% 5T vh B R SR B SR B A SR BN SR =, M AR 2300315
CHIEEBL . TR AL 230601
TEBOR ARSI B L B AR 230088
CEBOK A, HHOAE 230601

FE Rl A 7 A Y 2 0 i S B P 35 TR R 2 O T A5 ke 7 i A A 1 AT S S T LA RICHR R R R A A A E Y
KB R 7E BGCR A 1 B vh A2 7 BH 3 B 5 5 2l RS v 33 40 i 47 8 R DS TE 19 ) 0. oAy ik, 4 ST LA A A 46 1 Ry
B 37 R 5 98 G R i 25 [ AR e B0, DL 37 HSV B s (8] S il 38 8 Ak B8 5 25O I E {8k K& i 3 — 1k
AR BAE R B 5 AR 5 FEOG AR A AR LR , A FHRL B 06 £b 550 70 6F /0N D T 9% 3 A 0 UG AT 4 k08 A7 REL TG 9 L 4R 5
125 T W 1) 7 Sk FTE B A B AR 00 s (i, R P 860 O S 1 X /N e = 9 4 figk 1) AT AT 4 ek 0 AT TG RS B M. B
LA T RS R B SR 25 R R B R 5 SO R ST AL PR S 0 — L ELAE B B B WA I, AT
VL G- i, 3 A0F 77 U 5 40 L B 3 TR1A5 15 9 0 IR 00 FE BLBE 5 K 3 O T B v 5 IR /R B VR 45 1 &2 0 i R LR T
ETT V5 R LR AT 2F B R B OB 3 AR S SO MR T R T 2 430 R 0.9, 496 .65 %, F- S5 T o B[R]
S350k 10.43.27.98.17. 02 s, Bt S5 I3 — L B.5 B 43524 0. 673.0. 495.0. 631, BT &S R Bk T Ur $2 J5 ¥ 4 Bic
WEAS B 32 A7 I 1) 45 D7 T A P 320 A il 6 S8 sk € ' RS 0 BH 3 IR IE AT 7 W A 0 45 58 B 5 T 3l

XKEW LWL R WHEG; sO6EE; BURECHE; TR E

hESERS X832 XEkIRERS A DOI.: 10.3788/CJL202249.2407202

A0 M 1) W 7 P ORI TR T LA R R v T i

S0 0 A U R A A AR Rl B 3 TR AR RN SO 1R
5t B ST AE W7 MR 5 9O R B 28 B v ) S Al 2

150 H
VA 2K 22 R AR 2 VA 1 T R

TR . A G BEIEHE I S5 H Y B A A T Lk A
DABEAT AR ELRRIN 2% 7 DRI L A B 0 10 38 218 400 i P
G0 1 3 %58 R T B TR,
TRJE 2 2 0 4 A S R B AR AR A 1 3 40 PR AR 1
AR 2 OO I AR W B SR A M R AT M . AR, 52
P IO P e A ARG B 5 0 U D IS 2 M IR L
TRUMDHRE HE A R T 2 B 90 Bl /N 1 e A ) L
N B e % B 4 [ — A 403 43 R AR B e
2 40 e 1) 1 3 R BRI 1 2 Ol TR G, SR s M) D R Lk
A PR B AR X 5 ' PR AT 23 ) 4 0 4

e S5 80 W1 37 PR AR v S BT R I U 9 2K A R B8
F|, Dunker %' 1 BF 5% 25 5 26 W1, 38 18 @l 4 07 0

o AESR R BB I U R A AT R R OR S AR
TR G I BN RS S ] P R AR 2 S EUR
77 . Bl B T W 37 B 5 O TR 8 B i A6 3 i 17 L A
BroHh s B 0 L 4 W R S PO AR B Bl &
Aok T —E WRE . SE BRI S AR I I B R S Ot R
Y e T S BV AR ) A Bl M AR Y SR Al . AT A
SR ] 52 BT Ui R A0 o8 2K A i W 37 PR 5 O TRLR I
HERY SCHRES D . Wang 5558 3o PG TC 7 v 4 98 14
W] 7 P 5 15 - 22 1) O TRLB AT IBE HE L 2R I R T I
5y AR IOBE 1 B 2 e A ] i ) i 44 3% 5 Ol I 4%
ARICHE A TG PR R A 52 B 1 9 T 28K v 9 A R
P J3E 1 [R) P AGL N 5 (L PE HE 25 SR An e o Al T A5 it — 2 )

KRB . 2022-07-15; f&E HHA . 2022-08-02; KA BHH. 2022-08-08
BB, 84 RHE T RL I (202203207020002, 202003a07020007) . B K A K B2 3 4 (61875207, 62005001) (IR YN i AT

Frgh & R R L 10 (KCXFZ20201221173007020)
BIEEE . "glyin@aiofm. ac. cn; *njzhao@aiofm. ac. cn

2407202-1



R

£ 49% 524 H1/2022 £ 12 A/ EEE

W, SRR HE T A AL B (GA) (B R 5
2% (Powell) R T BEAL AL 335 (PSO) &), Hovr  #fy
Jal IR SRR B A 1) ) 48 R AR ) (HZ SR AR T
WG AE « Z) B AH) b (B B 3 1) Jm 3 AR /N 5 AT BE R Ak
SRk B B A SR A R e D, W] DL C v 2 R0 W
W 4 28 4 Jrg S U A BRI LT O O 2K A S AR L A%
F RS R, S BT 0 — b BA5 B LB HER . R
B} A2 B i 9 2 B L %o PR 147 /N D5 43 ik T A S ER
FIMG I P B o . SR 1 S0 BT Ui o S A0 M S 1 B 1 1
145 5B UG AT RO e o A P B DL — 4k BLAE S
S AEARLBE B2 5 7 4 22 40 W R AR I 1 B R 0 H B
T S 200 B Sk A 3 LR 5 ' IR B TS o v, 938 2o
55 A C T VR BEAT T LIS UE T BT B R A A .

2 W

2.1 EFHEXEMEMPAZEGMBRRECEGRN

K FH R 27 B 2 BIOG 22 RS 5 LRI 5 i ] Y
XU i IR 2R G0 oK 4 55 30 = 35 52 M 3 (Scenedesmus
sp. ) 2EAf H i (Selenastrum capricornutum) &R
P (Nostoc sp. ) = PV Uife 38 25 41 i 1) S 134 B 37 45
WIS . BN SR I b E R 22 B K AR AR P i
FEHTIR K B

MO HE AR R G S5 R & 1 froR 2 G IE
(F1)6.450 nm H1 638 no) ™7 | fHOBE Sk (40 X)) 43k
WOk B O A (675 nm) . WA 35 CCD M AL
(2160 pixel X 4096 pixeD) , %% CCD AHHL (2160 pixel X
4096 pixeD AT FEHLLAL AL, 4 W & B 37 B G, B
ZBIMYGAE B e, o A R B R T R

fluorescence camera computer
ll: o
;/ I

emission
filter
A A

optical
splitter

objective
lens

red light ~ # \

bright field camera

blue light

sample 00VF—xc—

| ——]
white light

1 RO R RS
Fig. 1 Dual optical path imaging system

W, Hoh— k& 2 135 CCD AL, 58 W 37 1K 1%
()R 45 5 2410 2 28 % R B O R DD e Ok B8 Ok
TP G R LM R B R T AR RS
WAL 2 B B fE E a6, Ba ki Et A
1 U8 J5 L 2 A6 CCD ML, 58 B 5¢ 6 G 1 D 2, M
117 55 BB 37 AR 5 58 6 AR TR 26 0 & . SR, il
B VR AT B S A0 B TR) 2 N 1) W 3 RS ORN 58 Ok B
15, % SR A R 48 ML 5 F A0 RS R RN B 9IR BE T B OR IE
WO . TER AT R T, R E AL AR 25 48 1 BN iR 25
FHAIL I B /N U 3h A5 30 & T B 3 BHR 5 5Ot BHR &
RS, R AR A BABIE 5E TR U R 2 AN A e
YRGS B MOt EG R AE Tk R 2.2 T
T ¥ Ty 32 %o [ 25 0 2 1 B 3 TR AR N 2 ol AR R A 7
fic v
2.2 BENERKXEGSERHMBHEGOE LT X
PG %) T o RS AR0 TT L AR AR B 5 78 s, R
BCEME 0 (s y) BEHS 0 FAFE IR AE = T In P B
tTE y FER e, JEERE I EMR BTy D,
DU AT LA 3 X (1) R AR i Al

! cos@ —sind ¢, [x
y'| = |sin @ cos 0 t,| |y|o (D
1 0 0 1 1

H—A 5 A5 B (NMD $H T3t 5 W 3 B R 5 25
JeEMR AL 5 A

_ H®B) +H@F)
NMIB,F) == e (2)

Kb H (B S BAR B s H (F) R 5G4
H (B ,F) NG EUR 556 ER A0 . BRE
() H R B — A NI AR e S50, e, . 0) L E TG
% F 7RG B 13—k 558 NMI(B,F) ik 3|
R,

P T 7 07 R 0 v 2 A i S T 3 PR N e e LR
(1) 22 57 F B K, B B2 01 5 W s TR 1 I3 — A LA 8
DL AE AL BE . 78 35 25 00 S 6 3 RAR b L o 1 B3
(O E 23 W, Q0 2 e 5L R €, T T e SR P L Y
T % 4 9 RGB(Red Green Blue) # 2% #: Jy HSV
(Hue Saturation Value) g 623 [6] , #| 1 A1 B S 18
Bh e v BE BT AE XK A&l 2 R AR SO A B
FIME HSV Bl ss [/ S 4y —{H Ak ES 5 986 K
TAH AR MR A VA — 6 EAE SR N B 3 R RN 298 O R
A AR ARURE 138 e o Ol i bR e o R () — 4
NS S Ay N B3 HSV L0 S i FEE 6 K 1
PR AT /NI 3 it I 56 43 ik J 04 IGO0 4 it iR A7 —(EL
Al Ak B, ) R A B O Ak B8 B 4 R 1 R i 1 A %
IR o i BT @ R R R IETE =%
3 fiFk A AR AT 2 et R D o R B v R AT SR 3 e A (B Y
R,

LE bR B R B e 2 A0 M P 3 IR AR S
I MR B HE 7 2 i BAR AT L R AT

2407202-2



R

£ 49% 524 H1/2022 £ 12 A/ EEE

wavelet decomposition binarization

//"‘\
\

PSO

binarization

wavelet decomposition

[ —
J )

r/ \
£ \

4
/

color space

-

‘ S channel of HSV

bright field image

% registration results

“

fluorescence 1mage

K 2 Bl g 5 58 R BD D7 % R

Fig. 2 Flow chart of bright field and fluorescence images registration method

D ¥ W RGB # X BG4 HSV % A,
BEH S A EIg;

2) X5 B HE AT K B Ak Ab B L 15 5] 5%
E 1%

3) R H/INBE AR 4y XT3 S 43 i A K

IR

FUGEAT T il 5 B 0 ) 4% B B AR 0 &, I 0
I ik AT —AH AL AR B 5

4) T TR TE DR A 340 1 0 4 43 A B9 AR 9 4
TR A5 B B HE PR i 0, oo, FBESE MR O
5) KPR e, 4, FMIBEREfRE 0 BB AW UG
A ) P 8 R B o = 0 A AR A 4 e R AT A
B o o AT Xk S % 2 e 5 £ 3 R AT 00
@

1000 -

~500
. 1000 3000 ~1000

0.03
_ 0,02

=
< 0.01

1000 —~
72000

_—— 1000

3 SLEGEER S50
3.1 EHEBEREZEGSRKEEGHEBEUESHR
S PR PG T o T 4R ) — b T A RO R T

FIMG 55 5 6 R AR AL BE B9 7 vk o A LU Sk 461 43
B 2.2 5 v i PR Ak 6 S8 A I 3 PR 5 e S L% A
DEREA TR

K383t 7T ANFSERE (0, .0, F I3 EIR 59
HEGME— L EEE. WE 3 (O LLFE
ED%%#EW%‘%K%@TXW%H@B%&E%@T&

A7 4 R de R AE B9 L Gk R AR 3 R 5 2O K
B R LB 3 (b) o, W] 3% Sl 5 2¢Ot K BE
®)

0
R M\//Wzooo

-1000 d

=500
v ~1000 _2000 ki

1000

1000

500 0 g
~1000 “g000 ~1000 ~1000 2000

HH—HEMFL. (0 BZKERGS UK ER R (b Bl S 118550 K B EI1R 5 (o Bl K
PN —AHAL G (DI S il —{EAL RS PO K E L K&

(a) Gray image of bright field and fluorescence;

tx

3 THE —fafeE B

(b) bright field S

channel and fluorescence gray image; (c¢) binarized gray image of bright field and fluorescence; (d) binarization of bright

Fig. 3 Translation and normalized mutual information.

field S channel and fluorescence gray image

2407202-3



24 H3/2022 &£ 12 B/ E# ¢

B4 geit T A e AE 0 T KR 5250
FGa—tbEfEE ., WE 4 TLLEL, Wy S #iE
59N ERR 20 {4 A B )5 K H— e B AE B

F£49%5 F

PR A B A 7% 5 Ak 2 JRy A R AL T AS 2 4 Jmy e AL
B, B 3(dD R, W S il r —(H 1k EHR 5 50k
JKPE ZAE AR BB B H — Ak B AF BB A AR W Y

R [] A B A W Y 04
0.7
—s— gray image of bright field and fluorescence
—=— binarized gray image of bright field and fluorescence
0.6 ~+— S channel and fluorescence gray image
= binarization of § channel and fluorescence gray image
0.5
0.4+
0.3
0.2
0.1+
0+

-100 -50

0
6/°)

50 100

4 JRFEMESH—LEFE

Fig. 4 Rotation angle and normalized mutual information

PRI 200 B ) 2 T 37 S il B AR B S 08
DK BE B P AT LS e Ml SR AT 4 20 M W 3 TR R S
D PRSI AR RLRE DR FAR O 52 B e o B 37 [T 4R
9 B 1 A AR LRI 48 4

SR o 0 ok 2 240 PR 5 50l kO o L B L A7 e

(@)

0
1000 2000

1000

500
v -1000 —2000 L,

0.04
0.03
= 0.02
0.01

0
1 sy
000 0 2000

0
L,

%

-500

B 5 /N fikE A I — L AR R

YE LLBCREIT o iy bR S fol o8 200 i P 45 T o 1) 3 B, R

JH 4 /s e A A 0 B 2 D TR AR 2 AT Ak B
K5 s T MW AR 5 5O0 R 2/ b oy i )
A3 IR AR B K o 30 L 3 8 000 20 MRS
fw o D A — L EAR B

®)

2000

500 = 3
y ~1000 _2000 -1000

0.03
= 0.02

0.01
1008
2000

-500
y —~1000 —2000 -1000

Ca) R AT 43k 5 (b) KT i M43 4t 5 (o) 2 L g AT 3 2 5 (D) W) £ v 01 43 &k

Fig. 5 Normalized mutual information after wavelet decomposition. (a) Low frequency component; (b) horizontal high frequency

component; (c) vertical high frequency component; (d) diagonal high frequency component

HY T 00 O3 A ) A2 B MR R L S0 B AR T S B R
Wi BERE WY S T B 5 PO K R TR AR AT /N o il
Ja - & ARSI o B T (E AL R A 0 — 4k 5AE AT L
BE 0.5, H AL IH — L B AR B /N 001, Wik,

T /NI o3 i A B AR oy i AE AR BRI A — L

15 BAE S B RE 137 R85 DO IR G B JEE /Y 5 4 45
Bi o 45T RORE A e Al b 6F S v D7 ik A

T TR A A X
L.

2407202-4



3.2 BENERBASEGSRAEGER AT ZOLE  EEGS/NE RO A A ER R IH — AR B AE
a3 GBI AR UEE fE bR . ] 6 LIS F f 7 2F B LBk
Hi 3.1 795 Tk A 2 B 3 PR AN 5 TG IR Y AR BB R T W MR 96 RS B LR AT /Nl o figt
RLRE 23 M Al R T DK 300 37 Sl IE R S PO K e R i T (E AR
Scenedesmus sp. Selenastrum capricornutum Nostoc sp.

' } | A

(@)

5 -

(©

4

) & . . ~ a

P60 MIFBE AR A RS R AN B R 37 ER RS IRMR . () W3 IR (D) 2B MG s (O M35 S Tl T8 = 2/ N o3 ik Y
AR 43 19 —AE AL IR 5 (D 5% 50 I 2 TR 5 = /0N I8 03 Ak A AR 2 ik i — A AL P %

Fig. 6 Bright field and fluorescence images of cells of Scenedesmus sp., Selenastrum capricornutum and Nostoc sp. (a) Bright

@

images; (b) fluorescence images; (c) binarization images of low {frequency component of three-level wavelet
decomposition in bright field S channel; (d) binarization images of low frequency component of three-level wavelet
decomposition in fluorescence gray image
i W1 37 R 5 28 6 BB AT AR R GOk sl & vT WE AR T IR BE SR R B BEAT A RS DL
DLW 8¢ 2 A FCHE S . [ 7 JRR T ORERAE Y JiC ¥ B J5 AT hn ik b A I RICR .

Scenedesmus sp. Selenastrum capricornutum Nostoc sp.

| A |
fuse
d i i

fuse after
registration

D | g
B 7 RG-S ZOC RGN EE

Fig. 7 Fusion of bright field and fluorescence images

2407202-5



HRILX
SRR 2. 1 75 Fros BOG R £ 5800 3 R A

BRI R CRBREEAS 160 TR R R A A EA .
WA A LIE AN A B X IC HE DT 1 2R AT 20 A
i N RS E G815 BE AR 2R AT E W Hr, >R
B S5 B ARARLEE NMIT iz 47 i () 2R 47 % W IE . H
3.1 5T AT 2 BT R S SO IRTR E e I L 7 K
PR A AL NMIT R 3k 21 B KAE . & 1 BT 5 i
55 FEA DL 5 1 B S X L

1 B EMR S5O0 MR ECHE T i 19 4 L
Table 1 Comparison of bright field and fluorescence images

registration methods

Mismatch .
Sample Method Time /s  NMI
rate /%
PSO 0 138. 69 0.608
Powell 50.9 10. 28 0.302
Scenedesmus sp.
GA 6.1 34.21 0.524
Ours 0 10. 43 0.673
PSO 17.5 476.93 0.412
Selenastrum Powell 87.5 11.21 0. 069
capricornutum GA 35.6 88.93 0.325
Ours 9.4 27.98 0.495
PSO 7.2 254.22 0.525
Powell 73.8 6. 14 0.237
Nostoc sp.
GA 16.7 50. 76 0.451
Ours 6.5 17.02 0.631

XA R SR MR A RS
B REUL AL B AR HE IR AR 2 I FEAR T 0.8, 1.0, 7 4
4y B TR B 46 5 T 128, 26,448, 95,237, 20 s,
B e iy H —fe B A5 B 3 Al & & T 0. 065.0. 083,
0. 106, i Jg /K 532 i e v RO A 0 B (L 76 T8
iR 5 B A R B/ IME T BT AT B R R IR B,
5B BB AR SO R R LR BIBEAR T 6.1,
26.2.10. 2 AN 4y s AT B[R] 43 0 46 465 T 23. 78,
60.95.33. 74 s, B HE S5 0 — L B 05 B il g & T
0.149.0.170.0. 180, [A) B A] LA WR %2 31, 3 19 K/ &
SPHCHESS = —E W, W E AR T IR
JIN S BT v BT R A g R S R, T ARG R M
G0 A ke . LI 25 R, 5 H A i o
AR L, BT £ 07 W A TC MRS B2 L9 AT I (R A Oy T B A
IR

4 4k w

M FH 7 T B S 40 20 € 2 i B A 9 R A A AT A
il X W7 R HSV B 25 (6] /9 S il i 25 17 4k 2
K W17 PR B A o —AEAL R L 1 X 96 K 1 R it
Fr ZAHEAAR PR R T U — A6 B A5 A D A B

£ 49% 524 H1/2022 £ 12 A/ EEE

B B SR AE T W3 RS DO R R . L
35 S5 AP R 51 L BIF S T /0N D0 o Sk A i 9 K A D Y
W 7 8 5 5O B BC v A R . R R RO
PSR B0 4 Ry 18 R L 0 v V2= o0 ik o i IR AT 0 A0 IR
Y ol 0l 7K 3 1) JRa B A R BE T W IR R 3 il o
PEAT B R B SOU o K BT B 5 1 5 A P TS 9 D ik
CUng AL SR HEAT T 0 He 20 B, SE 3 45 R IE T R 3C
JIr i E o 7 A Y AT AT

s & x Wk

[1] Schulze K, Tillich U M, Dandekar T, et al. PlanktoVision: an
automated analysis system for the identification of
phytoplankton[J]. BMC Bioinformatics, 2013, 14: 115.

[2] Weil, SuK, Zhu S Q, et al. Identification of microalgae by
hyperspectral microscopic imaging system [ J]. Spectroscopy
Letters, 2017, 50(1): 59-63.

[3] First M R, Drake L. A. Performance of the human “counting

machine”: evaluation of manual microscopy for enumerating
plankton[J]. Journal of Plankton Research, 2012, 34 (12):
1028-1041.

[4] Yadav D P, Jalal A’ S, Garlapati D, et al. Deep learning-based
ResNeXt model in phycological studies for future [J]. Algal
Research, 2020, 50: 102018.

(5] Mlsd:, 2250, MEPRDE, 5. 3T URME 2 S 00T (R 40 i A 22 47 24
K k(0] 6224, 2021, 41(15): 1511001.

KeB S, Li Y, Ren Z B, et al. Deep learning-based detection
method for mitosis in living cells[J]. Acta Optica Sinica, 2021,
41(15): 1511001.

[6] W, ZZHM, BN e, . ETWREY L5 B R AR AL

R Jr i (0] 624241, 2021, 41(21): 2110001.
Liang X, Li]J] W, Zhao X L, et al. Infrared target imaging liquid
level detection method based on deep learning[J]. Acta Optica
Sinica, 2021, 41(21): 2110001.
[7] Borges VR P, Oliveira M, Silva T G, et al. Region growing for
images[J]. IEEE/ACM
Transactions on Computational Biology and Bioinformatics,
2018, 15(1): 257-270.

[8] Hense B A, Gais P, Jitting U, et al. Use of fluorescence
information for automated phytoplankton investigation by image
analysis [J]. Journal of Plankton Research, 2008, 30 (5):
587-606.

[9] Verikas A, Gelzinis A, Bacauskiene M, et al. An integrated
approach to analysis of phytoplankton images[J]. IEEE Journal
of Oceanic Engineering, 2015, 40(2): 315-326.

[10] Dunker S, Boho D, Wildchen J, et al. Combining high-
throughput imaging flow cytometry and deep learning for

segmenting green  microalgae

efficient species and life-cycle stage identification of
phytoplankton[]J]. BMC Ecology, 2018, 18(1): 51.

[11] Wang Y J, Wang ] S, Wang T Q, et al. Simultaneous detection
of viability and concentration of microalgae cells based on
chlorophyll fluorescence and bright field dual imaging [J].
Micromachines, 2021, 12(8): 896.

[12] BRW%. REH MR AR LI MATLAB RSB [M]. dbat: &
F ol AL, 20090 93-134.

Chen X Y. Image registration technology and its MATLAB
programming implementation[M] . Beijing: Publishing House of
Electronics Industry, 2009: 93-134.

[13] Mk, ki, sk, 45, R SCHERS B 545 B AR T B L AL

B ST O EMR BCAE R (] . 204 SOt TR, 2012,
41(1): 248-254.
Bai L F, Han J, Zhang Y, et al. Registration algorithm of
infrared and visible images based on improved gradient
normalized mutual information and particle swarm optimization
[J]. Infrared and Laser Engineering, 2012, 41(1): 248-254.

2407202-6



HRILX S 49 % %= 24 89/2022 £ 12 B/ EEOL
[14] R#E#, T, BROE. BlG Powell 8 R Bk (k7 B0 1L 5 36 [17] 4], ®EFRT, B, 45, 3T SWTATLD Sk s Bk Bl

(J]. #Hl 5k, 2012, 27(3): 343-348, 354. =PSRRIk U], e, 2021, 41(14): 1430001.

Wu J H, Zhang J, Chen H A. Particle swarm optimization Cheng Z, Zhao N J, Yin G F, et al. Identification of algae

algorithm combination with Powell search method [J]. Control community discrete three-dimensional fluorescence spectrum

and Decision, 2012, 27(3): 343-348, 354. based on SWTATLD[J]. Acta Optica Sinica, 2021, 41(14):
[15] JAmA, B, —FEGREEESE RN ], BS54 1430001.

Ah, 2009, 39(4): 447-449. [18] Zheng H'Y, Wang N, Yu Z B, et al. Robust and automatic cell

Yu SC, Lit Y Q. Study of image registration fast algorithm[]]. detection and segmentation from microscopic images of non-setae

Laser & Infrared, 2009, 39(4): 447-449. phytoplankton species [J]. IET Image Processing, 2017, 11
(16] BEmJr, ®Ma, W, 5. 32 RR0E 28 i 10 17 ik (11): 1077-1085.

SR Tk 0] %A, 2014, 34(9): 0930005, (o] Xk, s . RRTCHE R /INBE 53 % 07 3 (0] . TH S HLAE Bh i3t

Yin G F, Zhao N J, Hu L, et al. Classified measurement of HEIE 4], 2003, 15(9): 1070-1073.

phytoplankton  based on characteristic  fluorescence  of Liu B, Peng J X. Wavelet decomposition based image

photosynthetic pigments[]J]. Acta Optica Sinica, 2014, 34(9): registration[J]. Journal of Computer Aided Design & Computer

0930005. Graphics, 2003, 15(9): 1070-1073.

Registration Method of Microscopic Bright Field and Fluorescence
Synchronous Measurement Images of Phytoplankton Cells

Jia Renqing"?, Yin Gaofang"®, Zhao Nanjing"? , Xu Min’, Hu Xiang®, Huang Peng®,
Liang Tianhong®, He Qianfeng', Chen Xiaowei’, Gan Tingting”, Zhang Xiaoling’, Ma Mingjun’
' School of Environment Science and Optoelectronic Technology, University of Science and Technology of China,
Hefei 230026, Anhui, China;

* Key Laboratory of Environmental Optics and Technology, Anhui Institute of Optic and Fine Mechanics, Hefei Institutes
of Physical Science, Chinese Academy of Sciences, Hefei 230031, Anhui, China;

* Hefei University, Hefei 230601, Auhui, China;

" Anhui Hefei Ecological Environment Monitoring Center, Hefei 230088, Anhui, China;

" Anhui University, Hefei 230601, Anhui, China

Abstract

Objective Detection of phytoplankton diversity is an important part of a water quality bioassessment. The traditional
manual microscopic detection of algae species requires professional operation and is time-consuming and laborious;
therefore, these challenges can be overcome by the development of a method for automatic identification of phytoplankton
cell images. Similar to manual identification, deep learning and other automatic identification technologies identify
phytoplankton cells based on the morphological characteristics of bright field cell images; however, the practical
applications of such technologies encounter complications, such as the difficulty of accurate segmentation of phytoplankton
cells and the limitation in high recognition accuracy of algae species only with a small range of groups. Previous studies
have shown that the accuracy of algal cell segmentation and recognition can be effectively improved by fusing the bright
field and fluorescence images of phytoplankton cells. However, the fusion of bright field and fluorescence images
synchronously measured from phytoplankton cells requires significantly high accuracy and shockproof capability of the
mechanical structure of the acquisition system. Under a high-power microscope, even a small error in the mechanical
structure or a small vibration of the camera can lead to a dislocation between the bright field and fluorescence images, thus
causing difficulties in the fusion of the images. Therefore, the registration of bright field and fluorescence images of algae
is of great significance for the automatic identification of phytoplankton.

Methods The displacement between bright field and fluorescence images can be represented by a rigid transformation
model, which consists of three parameters: the translation in the « direction, translation in the y direction, and rotation
angle. Normalized mutual information is used to calculate the similarity between the bright field and fluorescence images.
The goal of image registration is to find a set of rigid transformation parameters that maximize the normalized mutual
information of the two images. Owing to the significant difference between the bright field and fluorescence images of
phytoplankton cells, the similarity is difficult to be characterized by directly calculating the normalized mutual
information. In this study, the normalized mutual information of the S channel binary image of the bright field HSV color
space and the binary image of the fluorescence gray level was assumed as the similarity between the bright field and
fluorescence images. The S component of the bright field HSV image and the fluorescence gray image were decomposed
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using a two-dimensional discrete wavelet transform, and the low-frequency components were binarized, to accelerate the
registration. First, the particle swarm algorithm was used to register the low-frequency components of the five-level
wavelet decomposition. Subsequently, the translation and rotation angle of the preliminary registration were assumed as
the initial values, and the low-frequency components of the wavelet three-level decomposition are further registered using
Powell’s algorithm.

Results and Discussions Scenedesmus sp., Selenastrum capricornutum , and Nostoc sp. are used as experimental
objects. The similarity and registration methods are compared and analyzed. As shown in Figs. 3 and 4, the normalized
mutual information of the bright field S channel and the fluorescence grayscale image has an obvious peak value after
binarization, which is extremely conducive to parameter optimization in the registration process. As shown in Fig. 5,
after the bright field and fluorescence images are decomposed by the wavelet, the noise in the high-frequency component
is concentrated, and the low-frequency component has a higher normalized mutual information. Therefore, the normalized
mutual information of binary images of low-frequency components after wavelet decomposition is chosen as the similarity
measurement index for bright field and fluorescence images. Table 1 presents an experimental comparison between the
proposed method and other registration methods. Compared with particle swarm optimization algorithm, the proposed
method reduces the mismatch rate by 0, 8.1, and 0.7 percentage points, shortens the running time by 128. 26 s,
448.95 s and 237.20 s, and improves the normalized mutual information by 0.065, 0.083, and 0.106; Powell’ s method
depends on the initial value; therefore, it is easy to fall into the local maximum in the process of optimization, which leads
to a high mismatch rate; compared with GA, the mismatch rates of proposed method are reduced by 6.1, 26.2, and 10.2
percentage points, the running time is shortened by 23. 78 s, 60. 95 s and 33.74 s, and the normalized mutual
information after registration is improved by 0.149, 0.170, and 0.180. The experimental results demonstrate that the
proposed method has obvious advantages in terms of registration accuracy and running time compared with other
registration methods.

Conclusions In this study, the bright field image is converted into a binary image by processing the S channel of the
HSV color space; the fluorescence gray image is binarized; normalized mutual information is used as the similarity
criterion to characterize the similarity of the bright field and fluorescence image. Using Scenedesmus sp., Selenastrum
capricornutum, and Nostoc sp. as experimental objects, the application of wavelet decomposition in the registration of
microscopic bright field and fluorescence images of phytoplankton cells was studied. The global search advantage of the
particle swarm optimization algorithm is used for preliminary registration in the high-level decomposition component, and
the local search ability of Powell algorithm is used for fine-tuning the registration accuracy in the low-level decomposition
component. A comparative analysis is performed with other commonly used registration methods, and the experimental
results verify the feasibility of the registration method.

Key words bio-optics; phytoplankton; bright field image; fluorescence image; image registration; mutual information
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