13 %5 5 5
2022 429 H

REEMER
JOURNAL OF TROPICAL BIOLOGY

Vol. 13 No. 5
Sep. 2022

NEHS: 1674 — 7054(2022)05 — 0451 — 06

EL T
&

ETREMZMFZRSH EiEF R R

JFFIE, BROOHE B Bt A
(R P 2 R TR T 5UR) P ] 5 S 3 2=, ¥ 11 570100)

B F: O TR RS TR | AR R AR AR I, B A A ORI ROR | BRI R AR PRI
S PR G, BN TR T TR 2 I 255 A3 (A B AN O 1, XIS T sk IR S T s A
AT, 2RI A3 0 Gl PR BEA T VI ZR i) 1 22 M A5 R A B R Pt P B A AGi =4 v, HLfE
L1 93.9% [P 1R BIAG B BETRURI AN [R] AR BRSS9 3R B0 20 e 5 HLAt H A, DEIIZ07 i nf AR 2% | 57t

AR A R b PR R E U3 ) E AR AN

KBEIA): PR 48 OB ORPOE F s TR JEAE s

FESAS. Q178.53; TP 391.41

HEAFRERD: A

SIS JHFEIE, BRIk, B, 55 BT IR B2 M2 I £ 1005 b 30 Rt 3 3R N0 (7], A8 A 4 2% 41, 2022,

13(5): 451-456. DOI: 10.15886/j.cnki.rdswxb.2022.05.004

TEIREFE TR, RO I AT O LA 5 &,
MEE IR BB TR AR Y S A ERO A A5
A 3 FIIE LA [R] B BB 5 R 0 25 PF0 0 A
T S AR, e 4 BRI R 5 A Az AR
AR HERI A A o HCBOs R P A T s e
BeEAL S BE ST, IR HU B A b 21 1 % X Bl
B EACEA B S AT Y, HAT, PR ER
ARSI T ol A M A A R A R R, R 1
LN e L N R A R N R O F N A P
Jr it BN AR i [ i Al 1] 5 3 s A A
SE , [#] 7 0 IR T £ 3 i 5 EORE i e 20 R
IR BEARBET, ok X 73 1E K A H R 30 4 A
PCIMIIAR A sl 5 A4 % 26 (R 1 LB A i . I
S, BT EARETT TR E A 2SR, TEis i
Dy Z BN | O BRI 5 25 e N R AR, {4
J A —BERAE K A AR o WP R A B SR
IR AROR, BAT R SRl s R
ARG AR R A, L AE SRR AT 58 Uk 5 R 1
K2 (R OGTE o A A AT T (ol e A0 S

ks BHEA: 2021 -12-06

G0 RN PR A A W e -7, i AR v
SRR R A S RO E 5N, H
TS0 it in bRy A M, X ey AR
ST A ) FIE G i T e A I R A 7 o 2R RN A
PRI R 22 R 7 PR S 240 B 08 SR s
B2 5, B fb 2= e s A AR 4k, i H s i
Ty R Al 4 A7 % T AR A0 AT R A, AFTFT
UiE 4 537

TR 27 3] 22 X 4% (Deep Learning Neural
Network, DLNN)J& A T2 fig sl H (1) —Fhhz AR 48
H, ez H T s it B e
211U N 711V 4 5 7% VRN 2L /)11 vl T £
FH 1 25 M 2% (Convolutional Neural Network, CNN)
J& DLNN [y — AL, B & TG,
2 B P50 7 SR AR | 40 I PN R A A B 40 P Y
AR B, T ehRiC i SE R B 8 i 2 S
PR 225 TN 245 B A0 %) 3k e N HIR ek AR S B T b R A
WTEANR] Co? WAL 3T Tk 4 M A T A8 46,
NIRRT 72 NE T e 40 v B i i RS /e 26

&M@ HER: 2022 — 01 — 06
HEWH: W KRR 3134 (KYQD_ZR2017271)

E—EE: FTFIE(1996-), 5, M KB ARk =2 B 2018 9l - WF54E . E-mail: xpzzzsz@163.com
BEEE: MR 1957-), 5, BT m: REAEWE AR YR TR AEY Y. E-mail:

pcfu@hainu.edu.cn


http://dx.doi.org/10.15886/j.cnki.rdswxb.2022.05.004
http://dx.doi.org/10.15886/j.cnki.rdswxb.2022.05.004
mailto:xpzzzsz@163.com
mailto:pcfu@hainu.edu.cn

452 o B o 4R

2022 4

S HEAb, 2R 0 2% 50 BERE IREE A0 I B LT AR
5 HE A O B UGN 200 0 385 3 552007 R
PSR BRI T AT E BRI REA KR 2], 1T DAL
B2 B AR A AACRE AT A0, G Y
FEAIE ] LLRAE RN — 20 0T o O fSBoAR mT
DA N SR 2 3 20 A0 i PRI A K0, O ) AR JEE = )
M2 R 2 A S AR I R ER TR AR RO 308 A
AT AL . Bl 5 2 R 45 RE A AR
P AN Ta] ) 4 0 2 Y SR 6 B, by S AGH I 22 Ao
TR A PR AL TRl REIE . ASHESESS & RO S
Rk WS AR SR E M2 M 4, 21 T —
ol 5 T R A 225 190 2% ) 3% A HL B A Oy vk,
TORIEL TOBRAE | ARSAS L AGHIN T A L B

1 MRERE

1.1 HORESHREWSHE FERmEss -
Wt T 2N 58 B 8, %008 i B AR 3
ANFEFNGIE R AL AW . Bl E
AAHEZEA, B L DR AR TN E L T AR
FERGEE R 1 AR XIS s FEA A TR
(4 AR TR 43 310 0.7 mm Hl 3 mm, g 14
O Z W4 /N R AEGE 18, RO s A iR e A
J b 3t 2 2 AR X, A T 400 i PR T B T 5 AR
/N BN A ISR A % . 4 D RERUETE
BITERE 3 50 L 75 L 100 | 125 pm, KSR 5 mm.,
AR IX A SR S G TE A HRIE], FE 300 pm, < 500 pm.
TIOALARE R o AR TR RO 2R ARG B 2 5 —
fit: # bt (Polydimethylsiloxane, PDMS) (Slygard184,
ERET, RE) 5B RS A ML

1.2 EMIEFEARIE ] HE s Sy
X4, IWNTE 5 (M m =, db 46 18°14'16", R &
109°21'54") BhE-E I Galaxea fascicularis W43
ke, S S, AR Cladocopium
sp. C1 (Symbiodiniaceae). %557 A 8 i ot H I 55 77
FERPRER 02 N T KGR . F B T bk
B - b 28 % 5 R R A TE RO R B R A
(PGX-450D, T FE A S 0 A A R A 7], P )
HREE SR, BRI I N 25 C, YEIE SRR 200
pumol-m s, YEHEEHA R 12 h = 12 h, Fh% 2 d b
VRSO, F4 6B T (ThermoSpectronic Genesys®
10-S, D va 2 FE/R A FRA R, SEED I 3 RS
TE 730 nm Ak A 65 BE (OD430) 3T O Y4, Wi

WARKE SR AR A A . FH I A0 A ROk
D PR B

SRR IE 0 7 S R B R T AR AR
ARG T BG4 fat 5 1Y) B v TR T HE TR O
BT R AR IR BB 3240 P, B R A IR
40 °C, ISR 200 pmol-m s, FEI% 514
X E VAT 2 h (R AEA .
1.3 #mAE R ERS 20 pm ) PMMA
(polymethyl methacrylate) i3k (ZR ZERHE B M AT
BT, o )Xo e 22 R £ A R A PR eI . 3k
BREEFE A 1.19 grom®, RLAE M 22 /N T 10%. FREL
6.0 g FOTEER, B HL % T 10 mL B AR R 2% vhdh K
o (PBSx1, RN FE /R AR AR A A,
). U5 mL fg e Y H8 B A A S 5 mL
F R U S A I VA T, ) PBS % i i o 4 R
AR ER R E 6x10° ~-mL ', AIRIG A X5
AR A TS L U8, AR B VA TP BT A
JEL . 240 R 2R A A 2 O, BAULAE B AP SR R AR 1Y
IKARFEAS, [R) BT, 33 S R i) 2% Bt A Sk 15
1) W P A7 A, AT 28 Do 5 B AR 1) sl i v mT
DA IR Y f e e, A 4 SRR P 2 R AT AE
UL FE I 4 T S R 4 PG P A A
1.4 HFECEARM KL UREE 2 2% 1 1 1R
TSIy ik ARG 3 AMBIERL, 23 B A AR AR
P o R AR S (B 1), i
PERR B £ T4 R 0K B P 3 40 e a3 e R
N VGE T8 5 ST A A R R 2 40 B I B L R AT S
1) 4 B LA Al A5 25 R 4 5 A BRA L 4 1 A
CMOS MIHL5 1 AR B (R 7 “ LR
72-Air”, FE), CMOS AHFLISCEE | 1 fi i 40 M 7 ik
B R =TS, S8 A S R
1 25 D 25 RS TR PG 8 T AT B AR A T S 8 5 43

S R AR HE Y

LR

| - | | [ERRYE -

Stk [ 8

: : CECEN
/ B

Pel {4 A FHESREC  RRIERUERA RERT o
o T (EDRRE -
o : - e | s

= = = s J; ) et

| ikt it

T YOLOVA 1R #h 22 R 4 55 5

BT RET TR R 255 06 1A B A N V7R R



%5 1

JEIRR IE A5 BE TR AN ZE M 238 R P b3 A e il 453

25, IERETO0I0 A A L AR B | SIS0 A R S T A
5B o R 5E RS T L S P 8 AR
TRV o 28 X AR () MR P o

TR R EEIGE TR 5/ iR E
18, TR, A BIF 5 B FH %) % B A 28 ) 2% 7 JR AT
YOLOv4 #2280 {3kt 1 #E47 7tk itk
T B ARG R USRS A B B —1k. 467k
LI HE , fofi Pt 2 ) B ABS R B i 7008 i b 4t i
i o 3 1A B E MR B TEAN AT DU SR AR AR
3 I ) R R AR R R LA R,
N TR 20 TR B ol 2 I 2 5 1Y, bt 28 ) 24 222 30 3 )2
B oRAESEE MG AE, i R B/ 1Y 3 2 R AiE
&5 BE S HEA TR RO EERLS, B B2 018 UfE B3R
TERE 5 AH 3 BRI AR AR UG 2 2] o B s H
T SUE BRAERE 1 55 0T 2 RHIE & L, A i 25
28 T MERR MR 5 53 F B AR . ABEALKE T Rl
Je BRI - o A B s B RS BARE, i
Ji 5 A R S e ARG U AE T AL T B L,
IS FS A 3 A R B A
1.5 HE\RESEBRINEG IR EMLIEZE
BT AR E W B UROT & (DS-FI3, JEJE, H
Ao TEEIE DA ELR 1A EA 7.18 mmx
5.32 mm I H 590 142K CMOS(Complemen-
tary Metal-Oxide-Semiconductor Transistor) K14 1%
JERAR R ARDL. AHPLEEAZ LA 2 880 x 2 048 133K
o3 B R AE KIME, FF i USB 3.0 S &, ok
LERT I CHT ] B E M 1 pso

£ 20 5 54 5i( CFI PlanFluor, NA = 0.45)
TR T 600 FKIIK . 600 K IFH A AN
LA 600 5K I 1Y HUBE R R, B R B e 4R
K/NHg 1800 5. KT Labellmg %k {44 PASCAL
VOC2007 HIKE T shbriE R M Edn R . F B
AR EG TS W bR T SO AT BREALAT L, S8 54
Horr 20% H T BRI ZRJ5 09 I3 (ks 120 5K
TEH B 120 5K SEH R 120 5K), 80%
TN AR (TR : 480 5K 1E 5 HUBE 3 480 5K;
EEF BB 480 5K ). 3N FAEZ M AH HE M
K&
1.6 TEMNIBFRR AR POLE AR A ) T AE 5
N AR R B SAE A9 A8 B AT Y LU AR R 28 T F
. (Intersection over Union, IoU), IoU A1 K15
HF 0000 A 5 S SRR U, R AR M, AR

ToU 5 fiis BB b, vl LR G b B Ty B s
Yoy 3 25, i % i ol (i 1 iR 5 )
PRSEBRIE AR, H loU KF 555 T Filis B (A A,
I T AE B bR i R B BH 4 (True Positive, TP), iX
TR B W A B 45 TN % A AR R 1) 3 2SR E A
Y25 D) 4% T S0 A 2 ) 5 S BRSNS (], Bl
ToU /N T FHUA [ (BT, 2 T A 49 b 2 Ay A FH 2
(False Positive, FP); L4k, XF T[] — X4, 2 7"
AT ZATINAE, B ToU K F i M, P4 R
A ToU KAy BUMAEDE bRic R TP, HAMHERE bR
10K FP; HAR B2 N TARFEE R BRI 2 i B
b8 bric b B PE (False Negative, FN) . #R i
TP, FP Il FN A%, #2280 25 15070 1) 1 fE ] LA
FH KG #f FE (Precision, P). A [ % (Recall, R) I
FUAERDEAL . HAHRE AT

Ntp

Precision = (1)
Ntp + Nrp
N
Recall = — % ©)
Ntp + NEN
2XPXR
Fl=—— 3

P+R ®)

P, Npp A28 W 28 B8 L2 o3 2 A0 e A 1 B AR
SR Npp AP0 28 I 2 A5 1 A8 100 sl (6 A R 1Y
H AR EEG Npx A28 I 48 TR R BRAS N 2] 1) H AR
S

B B X GAEAN [) I IS AE T ARG 4 B2
FA (0] 232 0 i 26T 10 AR R 7 350K 1 B (Average
Precision, AP), Xf Fi 5 2551/ AP (HICF-3ME, 15
%] mAP(mean Average Precision), mAP {H it T
it 2 [0 255 A AR 1) R (ARG 0 P BE L Y FEL A 0 F
100%, {578 =y Ui A AR A% 4G DODHG 1t B2 St TP A
JE R
1.7 ¥HELIE  RH Python 3.7 TR LSS |
P28 ) 45 B TR RN 25 5 B A 3 . M2 )
28 Y 25 1) 1 72 >R H TensorBoard X ic 5% 3 1] #iL
1t . K F OpenCV % 1} % 55 GraphPad Prism 8.0
BAFHA TR

2 HBRS5HH

21 HEEMNAREERS REsit—mMil
/N PR 5, BERS HEA TS VR T H LB
TEIE AT AR, BATR S M5 2-A).



454 #oar Y

22 4R 2022 4F

P A T RE S AR A (5] 2-B) o fE bk 2 Bl
B2 (0], A —SE R (Yt BB, Ab T IE
AR SRR PR A R BL (18] 2-C) .

2 WY AT B R B
A IEFARZS T AOBEARI; B: S RSN C: Bl
A IEAETR A o

22 HEFEXEREN K1 mLIER R AR
W, 2 mL A OB VR | mL ORI
MRE, WE IR E N 020 uL-min!, RAE#HE
L SN LA o RE AL AR 300 5K
AT, X ARG L B BRI SE TR, I
YESCPRE . RS HIIZREFHY YOLOV4 HH 3 4 s
A TR AGE I R B vE B9 300 Mot 45 1 54 H A i g,
Rz 25 SCAEARS A o X B A A A 5 EC A
122 5 71155 mAP (. 2 HARIR S W0
B 5 5EPRE A 3 Fs .

O A 505

5001 s NI 475

@400 _- —)’;‘B/T\‘{E “““

Ho
=300} 286 293
=300r) 46 265

gé 200 ...........
=

Z 100} 79 .
26 7 b

[ TN T

K3 Z HARER R I As A S HOE
AP 3 o IR REAS BRI SE R (R 301 1
SR 5 B A RO B AT LR 4 L, A
19 > TE 9% S BEE A L 30 /- I 4 1 B 5640 L o
7 FBR O R E BRIk TR A,
BRI 015 K6 45 501, 04 26 /s A A

79 AR B U R AR R 7 AR

TS H R A 2 0 245 A R0 A o Al it ot
38 T P 22 25 B AR I B mAP {5 94%, G0
B4 fis o Ud A A 3 i AR A T )1 e i A
RURB A AU Mz A B0t i b U e 4 i
SERRAI b, EASCEDRE A R . IE R AR Y
OB A A mAP R 92% A4, WA
8% I T W b T 114 LT 3 200 i R B Y ot 22 )
2 R TGRS T 1) S ARG ) 38 A 6 AR, 3 X AR
B0 AT RE SR R AN R 1)) R e A A e 4
B, B, SOE AR R AT, X
o155 100 0 68 35— LA 1 B A LRI 1 R
JEE ot 25 D 28 A RN LA S 2) FE U A B B R,
SO ST R A e e e el IR TS S e
B, SEGINBRLE 240 R ) B — 40, 5
Sl RS H At 240
0.97

0.91

HuEEE EOHGEE Rk
Bl 4 Z Btrtailig AP (E
23 FEIE CEAHESE bR Ak (RIFR R
AT ) 5 H A E A A A R AT O AR O A
b A ARAG I ) D7 L, SRR 1 TR BT
AT R FH ) 28 I 28 A6 D 85305 WT LA 2 1 R
B SO T i R B R AL, R I AR
W A B AT TG 5 U B B T S 2R S T A T
TR WA B I TE R 28 R R 40 R Y
8 15, Aoy KA 9E, HAG IRk AT AR I A A
DAY 20 M2, B — o BIMRRE T, DR I JE 75 I
b RN, P B A GEE P AR
Y55 A0 RS2 AR E 67 B BT — IR

®1 AFESHMEGHIENRORE BN 75 AT

LI R T SE LoRlUWIRES

EZIES LRIELES gl g

ikl R Je  HRGB=IIHMDLIE S H 5@ CNN/F2E o rEEEE>90% 2
k2 R & GRS RLRADY o MERE ~91% &
k3R FEN o7 o RS i A o OHEE ~93% i
Kk & o HaEl SRS EMESTE KRR R & OHEE>93% i




%5 JEIRR IE A5 BE TR AN ZE M 238 R P b3 A e il 455

P2 AR R, n] RLLL 93.85% P HAPHE ff 2
S HbRor 2, (BA T LB A RER A I 72K J5
AR MLEA A B 0 1, X W 7 2 — 205835

i Lk, SIEH R R AN AL, 7E 2 h
Pblhaa T R A R B A B R AR 25 S SRR
HARANRAAR . EH P R T IR 2 45
RGBS DN 1 A 92% Rt HE I 5 TR
F0 X B 9 AR PP RO Y T R B R, O B BE
LA 94% V- PA 0 5 DX o0 H A5 AR 40 H AR, J&
BT TR 22 R 25 i) AR R D 5 YA AR 2 b
TR ORI S PP RO B Y R0 L
AT B S SE RS Y T

3 & it

T X R PE R A M A ARSI b, 7R A JC I Ak
SEFE, T R 5 v ) B DR SR R ke
SPECEE A AT B AR T, T H R A ARG I T B
R A AR, AR 25 2R 32 5L W )
MR AR RORIRT, M HARI S A REAS
TIEHAT IR LR A AT o b, — 28 [ Sk
I AP RGRIRPEN ., ks & 53 B AL 2
iDLl

BT, EHLS TR S B bR
R B, O BTN R AURAR B A, ST X
ANTR) A BRI B A 200 R 22 200 A0 M Y A S A
oy ARSERAE WY AT T oREE T oK 1B
Fi SR AP0 A R AR IR R, IR 22 1)
LRI TG P B R AR 22 3 AR
5L, B R BRI RO 420 s iE N 2
5] E AR AN - YRS B B AT Gk 94%, JF HLAB 62
LA 98% (i BEAEIR A HEA H IX I3 AN REAS
ARARMIREAR, L 92% i HEAGLIN ) 20 AR A 1A
[l A= DR ZS o AT vk A AR A AN
D H IO A A B, 5@ F AR A I Ao 2 0 245 52
BT R 2 S AL, AMUTET T
i ) AR 23 AT, U o 200 23 A i 116 158 G A8
HES A

S 3wk

[1] LESSER M P J S N. Coral bleaching: causes and mech-
anisms [M]. Berlin: Springer Netherlands, 2011.

[2] STAMBLER N. Coral symbiosis under stress[M]. Ber-
lin: Springer Netherlands, 2010.

[3] HUGHES T P, BAIRD A H, BELLWOOD D R, et al.
Climate change, human impacts, and the resilience of cor-
al reefs [J]. Science, 2003, 301(5635): 929 — 933.

[4] WICKS L C, HILL R, DAVY S K. The influence of irra-
diance on tolerance to high and low temperature stress ex-
hibited by Symbiodinium in the coral, Pocillopora damic-
ornis, from the high-latitude reef of Lord Howe Island
[J]. Limnology And Oceanography, 2010, 55(6): 2476 —
2486.

[5] LITTMAN R A, OPPEN M, WILLIS B L. Methods for
sampling free-living Symbiodinium (zooxanthellae) and
their distribution and abundance at Lizard Island (Great
Barrier Reef) [J]. Journal of Experimental Marine Bio-
logy and Ecology, 2008, 364(1): 48 — 53.

[6] OZDALGIC B, USTUN M, DABBAGH S R, et al. Mi-
crofluidics for microalgal biotechnology [J]. Biotechnol
Bioeng, 2021, 118(4): 1545 — 1563.

[7] ANTONACCI A, SCOGNAMIGLIO V. Biotechnologic-
al advances in the design of algae-based biosensors [J].
Trends Biotechnol, 2020, 38(3): 334 — 347.

[8] WANG J, WANG G, CHEN M, et al. An integrated mi-
crofluidic chip for treatment and detection of microalgae
cells [J]. Algal Research, 2019, 42: 101593.

[9] WANG Y, WANG J, ZHOU C, et al. A Microfluidic pro-
totype system towards microalgae cell separation, treat-
ment and viability characterization [J]. Sensors (Basel),
2019, 19(22): 4940.

[10] WANG Y, WANG J, WU X, et al. Dielectrophoretic
separation of microalgae cells in ballast water in a mi-
crofluidic chip [J]. Electrophoresis, 2019, 40(6): 969 —
978.

[11] YUAN Q, MIRZAJANI H, EVANS B, et al. A dispos-
able bulk-acoustic-wave microalga trapping device for
real-time water monitoring [J]. Sensors And Actuators
B-Chemical, 2020, 304: 127388.

[12] RAYMOND S J, COLLINS D J, ORORKE R, et al. A
deep learning approach for designed diffraction-based
acoustic patterning in microchannels [J]. Sci Rep, 2020,
10: 8745.

[13] STOECKLEIN D, LORE K G, DAVIES M, et al. Deep
learning for flow sculpting: insights into efficient learn-
ing using scientific simulation data [J]. Sci Rep, 2017,
7: 46368.

[14] FEIZI A, ZHANG Y, GREENBAUM A, et al. Rapid,
portable and cost-effective yeast cell viability and con-
centration analysis using lensfree on-chip microscopy
and machine learning [J]. Lab Chip, 2016, 16(22):
4350 — 4358.

[15] ISOZAKI A, HARMON J, ZHOU Y, et al. Al on a chip
[J]. Lab Chip, 2020, 20(17): 3074 — 3090.

[16] NITTA N, SUGIMURA T, ISOZAKI A, et al. Intelli-
gent image-activated cell sorting [J]. Cell, 2018,
175(1): 266 — 276.

[17] KIM K, KIM S, JEON J S. Visual estimation of bacteri-
al growth level in microfluidic culture systems [J].


https://doi.org/10.1126/science.1085046
https://doi.org/10.4319/lo.2010.55.6.2476
https://doi.org/10.1016/j.jembe.2008.06.034
https://doi.org/10.1016/j.jembe.2008.06.034
https://doi.org/10.1016/j.jembe.2008.06.034
https://doi.org/10.1002/bit.27671
https://doi.org/10.1002/bit.27671
https://doi.org/10.1016/j.tibtech.2019.10.005
https://doi.org/10.1016/j.algal.2019.101593
https://doi.org/10.3390/s19224940
https://doi.org/10.1002/elps.201800302
https://doi.org/10.1016/j.snb.2019.127388
https://doi.org/10.1016/j.snb.2019.127388
https://doi.org/10.1038/s41598-020-65453-8
https://doi.org/10.1038/srep46368
https://doi.org/10.1039/C6LC00976J
https://doi.org/10.1039/D0LC00521E
https://doi.org/10.1016/j.cell.2018.08.028
https://doi.org/10.1126/science.1085046
https://doi.org/10.4319/lo.2010.55.6.2476
https://doi.org/10.1016/j.jembe.2008.06.034
https://doi.org/10.1016/j.jembe.2008.06.034
https://doi.org/10.1016/j.jembe.2008.06.034
https://doi.org/10.1002/bit.27671
https://doi.org/10.1002/bit.27671
https://doi.org/10.1016/j.tibtech.2019.10.005
https://doi.org/10.1016/j.algal.2019.101593
https://doi.org/10.3390/s19224940
https://doi.org/10.1002/elps.201800302
https://doi.org/10.1016/j.snb.2019.127388
https://doi.org/10.1016/j.snb.2019.127388
https://doi.org/10.1038/s41598-020-65453-8
https://doi.org/10.1038/srep46368
https://doi.org/10.1039/C6LC00976J
https://doi.org/10.1039/D0LC00521E
https://doi.org/10.1016/j.cell.2018.08.028

456 oAl A2 ) o 4Rk

2022 4F

Sensors (Basel), 2018, 18(2): 447.

[18] ZHANG Z, CHEN L, WANG Y, et al. Label-free estim-
ation of therapeutic efficacy on 3D cancer spheres using
convolutional neural network image analysis [J]. Anal
Chem, 2019, 91(21): 14093 — 14100.

[19] MATSUMOTO Y, SAKAKIHARA S, GRUSHNIKOV
A, et al. A microfluidic channel method for rapid drug-
susceptibility testing of Pseudomonas aeruginosa [J].
PLoS One, 2016, 11(2): €0148797.

[20] FUKUSHIMA K. Training multi-layered neural net-
work neocognitron [J]. Neural Netw, 2013, 40: 18 — 31.

[21] LECUN Y, BENGIO Y, HINTON G. Deep learning
[J]. Nature, 2015, 521(7553): 436 — 444.

[22] HAASEN D, SCHOPFER U, ANTCZAK C, et al. How
phenotypic screening influenced drug discovery: les-
sons from five years of practice [J]. Assay Drug Dev
Technol, 2017, 15(6): 239 — 246.

[23] MATTIAZZI USAJ M, STYLES E B, VERSTER A J,
et al. High-content screening for quantitative cell bio-
logy [J]. Trends Cell Biol, 2016, 26(8): 598 — 611.

[24] XU M, HARMON J, YUAN D, et al. Morphological in-
dicator for directed evolution of Euglena gracilis with a
high heavy metal removal efficiency [J]. Environ Sci
Technol, 2021, 55(12): 7880 — 7889.

[25] GUO B, LEI C, KOBAYASHI H, et al. High-through-
put, label-free, single-cell, microalgal lipid screening by

time-stretch

machine-learning-equipped  optofluidic

quantitative phase microscopy [J]. Cytometry A, 2017,

91(5): 494 — 502.

[26] CHEN C L, MAHJOUBFAR A, TAI L C, et al. Deep
learning in label-free cell classification [J]. Sci Rep,
2016, 6: 21471.

[27] XIONG B, HONG T Q, SCHELLHORN H, et al. Dual-
modality imaging microfluidic cytometer for onsite de-
tection of phytoplankton [J]. Photonics, 2021, 8(10):
435.

[28] WANG J, YU X, WANG Y, et al. Detection of viability
of micro-algae cells by optofluidic hologram pattern [J].
Biomicrofluidics, 2018, 12(2): 024111.

[29] GRCS Z, TAMAMITSU M, BIANCO V, et al. A deep
learning-enabled portable imaging flow cytometer for
cost-effective, high-throughput, and label-free analysis
of natural water samples [J]. Light Sci Appl, 2018, 7:
66.

[30] BOCHKOVSKIY A, WANG C Y, LIAO H. YOLOv4:
optimal speed and accuracy of object detection [J]. arX-
iv e-prints, 2020, arXiv: 2004.10934.

[31] GIRAULT M, KIM H, ARAKAWA H, et al. An on-
chip imaging droplet-sorting system: a real-time shape
recognition method to screen target cells in droplets with
single cell resolution [J]. Sci Rep, 2017, 7: 40072.

[32] HEO Y J, LEE D, KANG J, et al. Real-time image pro-
cessing for microscopy-based label-free imaging flow
cytometry in a microfluidic chip [J]. Sci Rep, 2017, 7:
11651.

A deep neural network-based method for on-chip

detection of in vivo Symbiodinium

ZHOU Shizheng, CHEN Lin, YAN Hong, FU Pengcheng

(State Key Laboratory of Marine Resource Utilization in South China Sea, Hainan University, Haikou Hainan, 570100, China)

Abstract: Measuring the species and density of Symbiodinium is important for predicting coral bleaching. At
present, the rapid detection method of microalgae cells has great limitations. Manual microscopic inspection is
time-consuming and laborious, while benchtop automated instruments are not suitable for large-scale real-time
detection during field sampling. This research combines microfluidics, microscopic image processing and a
deep learning neural network to proposes a deep neural network-based method for the microfluidic detection of
in vivo Symbiodinium. The results of the detection of solution samples mixed with polymethylmethacrylate
microspheres, normal and bleached methanogens cells show the neural network model trained using bright-
field microscopic images is generalized to microfluidic on-chip cell detection, and is able to identify different
physiological states of Symbiodinium cells and other objects with an average precision of 93.9%, demonstrating

the feasibility, accuracy and sensitivity of the method.
Keywords: neural network; Symbiodinium; microfluidic chip; computer vision; symbiotic microalgae
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