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Abstract This paper aims to explore the image recognition effect of conodonts based on deep neural network model.
Eight kinds of Ordovician conodonts were selected as the research objects. 1188 photos of conodonts were taken under
stereomicroscope, and 778 SEM images of conodonts were collected from published papers. The image data set was
divided into training set and test set. In order to solve the problem of insufficient training samples, the methods of data
augmentation of rotating, flipping, and filtering are used. Five residual neural network models of resnet-18, resnet-34,
resnet-50, resnet-101 and resnet-152, were used to train to obtain the transfer learning model parameters. The top-1 test
accuracy for the five models is 85.37%, 85.85%, 83.90%, 81.95%, and 80.00% respectively. The top-2 test accuracy is
94.63%, 94.63%, 94.15%, 93.17%, and 93.66% respectively. It was found that resnet-34 recognition has the highest
test accuracy, which indicates that for the simple fossil like conodonts, increasing the depth of network does not im-
prove the test accuracy. Selecting the appropriate depth model can not only improve the recognition accuracy, but also
save computing resources. By comparing the transfer learning and retraining results of resnet-34 model, it was found
that transfer learning can not only obtain high accuracy, but also quickly obtain model parameters, which is an impor-
tant method for small sample fossil image recognition. The recognition accuracy of conodont image under stereomi-
croscope is higher than that under scanning electron microscope. Integrity and similarity of conodont, camera angle,

and dataset size are the main factors that affects the image recognition accuracy.
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K1 TSI 8 I T G RFAIE
Fig. 1 Images of 8 species of conodonts used in transfer learning
BERMG AT AR B T, AN AR T, By G AL JE R .
A. PR BEFER Teridontus nakamurai; B. S| Cordylodus proavus; C. X IT4aSiH| Serratognathus diversus; D. 28551450 H Juanognathus
variabilis; E. Ji*F-/NSH Scabbardella altipes; F. 62" H1 0] Hamarodus brevirameus, H WHIEZS; G. MK Cordylodus angulatus; H. 5 Je 4L
Wil Rossodus manitouensis .. The left photograph of each fossil is a scanning electron microscope photograph, the right side photograph is a stereoscope
photograph, fossil B and G have no stereoscopic photographs.
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Table 1 Dataset of conodont images under SEM and stereomicroscope
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Fig.2 Diagram of data set division of conodont images
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Fig. 3 Transfer learning flow chart of image recognition of conodonts
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Table 2 Structure and parameter configuration of residual network models
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Table 3 Results transfer learning and retraining of different depth of ResNet
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Fig. 4 Transfer learning and retraining results of five network models
P+ ResNet-18. ResNet-34. ResNet-50. ResNet-101. ResNet-152 JiT B 2% > 1145 5, ResNet-34-N Jy FH I Zr i 45 R
ResNet-18, ResNet-34, ResNet-50, ResNet-101 and ResNet-152 are the results of transfer learning, ResNet-34-N are the results of retraining.
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Rossodus manitouensis 17 6.7%, F KR 2=
o FEURH A S B 1) PR AT A R B TR AR A

TR AU St AR ) Cordylodus proavus W11
13.3%, % H) 2 femy, 2 DR I 25 4 b 4y
St AP Cordylodus proavus TS A4S, 5k
KW Teridontus nakamurai HAGHIVE(E 5, % 5).
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Table 4 Image recognition results of different species of conodonts under transfer learning of ResNet-34 model
P45 (%)
T4,

A B C D E F G H SC MC
A 73.1 133 0.0 0.0 6.7 0.0 0.0 6.7 70.0 80.0
B 0.0 91.7 0.0 0.0 0.0 0.0 8.3 0.0 91.7
C 0.0 2.3 95.3 2.3 0.0 0.0 0.0 0.0 91.7 96.8
D 6.9 34 3.4 86.2 0.0 0.0 0.0 0.0 62.5 95.2
E 3.8 3.8 0.0 0.0 73.1 19.2 0.0 0.0 84.6 61.5
F 0.0 6.9 0.0 34 34 82.8 0.0 34 78.6 86.7
G 0.0 15.8 0.0 0.0 0.0 0.0 84.2 0.0 84.2
H 5.0 0.0 0.0 0.0 5.0 0.0 0.0 90.0 87.5 91.7

:A. By C. D\ E. F. G. HREFRAF ARG, B XFEHK 1, SC 43 dabi B G IR AER 2%, MC AL 25505 G IR Al %

Note: A, B, C, D, E, F, G and H represent the names and codes of the species of conodonts, the meaning of which is the same as that in Table 1.

SC is the accuracy rate of scanning electron microscope image test, while MC is the accuracy rate of stereoscopic microscope image test.

K5

P23 W AN [0 37 55t TR 0 A i i R ey MR (A A AR5 0 B 44 R L3R 5)

Fig. 5 Images used to analyze the cause of image recognition errors in different scenes (conodont names are listed in Table 5)
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Table 5 Analysis on the causes of image recognition errors in different scenes

Yt U R

X b R

IR R

. 5-B. SEAAh
1 el 5-A. O ERER] Cordylodus proavus

Teridontus nakamurai (R i %)

B 5-E. KRR
B 5D, e OB RS

2 Scabbardelia alti Hamarodus brevirameus
cabbardella altipes (R 1)
5-H. St
Kl 5-G. fa ol
3 Cordviod lat Cordylodus proavus
I S ) I
ordylodus angulatus (B A 12

5-C. SetHANHI Cordylodus proavus
(s M%)

5-1. SEAHAH] Cordylodus proavus
G R)

TR A Teridontus nakamurai
KR (B 5-A)A 583, IZRBE et
Cordylodus proavus UG A 564 (€] 5-B),
INGREH R B8

& 5-F. JHRWIHH Hamarodus brevirameus
(e E1B)

NRGErh 8 2 BHE A A (K] 5-E).-

PIRL AR LA, VIR 4R B

Jii V- /N&UHI Scabbardella altipes #%85 F o 76
e ¥ H1 0l Hamarodus brevirameus ¥ E 41 15
192%(% 4). NFTERIEEEEIER L&, PRiea
Ze R, AN Wk S R A PR
O E T AR AR R RRAE, R IAE
R EW IR R Hamarodus brevirameus ¢ {EAS
2, )R TRFE S i~ /N8I Scabbardella alti-
pes WAALL(E 5, & 5).

T4, AR Cordylodus angulatus %1% F) 4
SEHLAPH Cordylodus proavus [P LI &, o
15.8%, 3= % i [ J2 P 3 50 3 A A R ik 1) R A
KR AHIT, MR EAS A I, P9 U IR T 2R
2 KRR . SEbr B BARSEAH AT Cordylodus
proavus BRI REB 5, N 91.7%, (HHAR
JIF EAG Y3 K 5 i) Cordylodus angulatus.. W
BB HOA R AR m A R ELCE 4).

MEL M e, AR A SR AT BL R
JUJTTH: AR R, A AN e R, A A R
A WA AT ML RURRAE, IR s R

4.5 PFHBEMAREERGIRRERE

K205 Mt AR G ok AR A b A R
Mg R 2R, SR T #2311
ResNet-34 A5 A06] 1y 2 G BEAT 00, 4948 FL e
AR BB % Top-1 WRIMNHERG R 50 70%—
91.7%M1 61.5%-96.8%, V-3 5 Wk 83.3%Fll
88.7% (K 4). BRI T, P ZEMA KR, A
AR I BB R R A A T R P R -
X A R R 0] B S AR SR SR R R B g,
RSN, (R o R AR S

T DU S B A A TR IR I BT
5 4 i

H T ResNet-18. ResNet-34. ResNet-50.
ResNet-101 Fil ResNet-152 11 Ffhk 7 1 25 j 48 A5 744
DL 1966 i A Sk B AN 14 el 5 1 4% g St 1k
FIE R 2 SN2k, 3K1G Top-2 MR HER R A5 3E
I 93.17%-94.63%, FA0 7 T8 ) G H A 8
UF IR RL R o B 2 X 4 B AR B8 2% ) Ik L
B 25 B8 3R AT 55w (0 A % L e R IR R ) ),
T AINFEA T A Ak AT UG R S 1) T LR A%

TR 2 BRI 45 SR B, ResNet-34 1)1
A5 (1) VRE ) (8585 %) gz i, Ut W 0T AR A fj 3
(7 TERIAG AT, 30 W) 2% R B AN — i e B3 U
e TE, i 5 3 VR B RS 2R AN n] DA 1y
VU HERf %, T HonT DA 29 11 5 9

PG 3 ) 32 B e A A R AEAR T S A A AN e 3
HEAH 1 5 AT S WAk Ay B RLRRAE L I R A £
PR /N SR DR O B R B B T 2 T o IS
(1 VR0 M A 2 v T A BT T R TR A T A
Al LAE A A S5 2 T ) A At A A R U0 $ s sk
B 2 B
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