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Abstract: Many studies have been conducted on developing automatic plant identification algorithms using machine
learning to various plant features, such as leaves and flowers. Unlike other plant characteristics, barks show only
little change regardless of the season and are maintained for a long period. Nevertheless, barks show a complex shape
with a large variation depending on the environment, and there are insufficient materials that can be utilized to train
algorithms. Here, in addition to the previously published bark image dataset, BarkNet v.1.0, images of barks were
collected, and a dataset consisting of 53 tree species that can be easily observed in Korea was presented. A convolutional
neural network (CNN) was trained and tested on the dataset, and the factors that interfere with the model's performance
were identified. For CNN architecture, VGG-16 and 19 were utilized. As a result, VGG-16 achieved 90.41% and
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VGG-19 achieved 92.62% accuracy. When tested on new tree images that do not exist in the original dataset but
belong to the same genus or family, it was confirmed that more than 80% of cases were successfully identified as
the same genus or family. Meanwhile, it was found that the model tended to misclassify when there were distracting
features in the image, including leaves, mosses, and knots. In these cases, we propose that random cropping and
classification by majority votes are valid for improving possible errors in training and inferences.

Key words: tree species identification, bark, convolutional neural network
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Figure 1. Demonstration of image preprocessing steps. Images
on the left, middle, and right represents the original image, side-
cropped image, and square cropped images, respectively.
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Table 1. Details on the tree species utilized in this study. Species classified as 'a' in the Source column indicate that the images
were manually collected for this study, and 'b' indicates the data from BarkNet 1.0 (Carpentier et al., 2018).

Source Scientific name Common name Individual trees Bark images Cropped images
b Abies balsamea WA LR 41 922 7,077
a Abies holophylla A 19 55 464
a Abies nephrolepis B2 10 29 300
a Acer palmatum gGEUF 6 17 100
a Acer palmatum var. Amoenum QJHojrkE 20 59 326
b Acer platanoides 2 QojthE 1 70 1,587
a Acer pseudosieboldianum ek 8 22 94
b Acer rubrum 2o 64 1,676 4,850
b Acer saccharum AgEF 81 1,911 5,235
a Aesculus turbinata Ads 21 63 314
a Alnus japonica QgL 12 35 170
b Betula alleghaniensis PR} AL 43 1,255 6,979
b Betula papyrifera ZO| A} AL} 32 1,285 6,664
a Betula platyphylla PARAE RS 6 16 100
a Castanea crenata R 53 161 1,705
a Chamaecyparis pisifera sy 29 87 580
b Fagus grandifolia )=ty EEh R 41 840 5,544
b Fraxinus americana o) =+E3Ed 61 1,472 7,622
a Fraxinus rhynchophylla By 15 44 180
a Ginkgo biloba 2P 406 1,218 12,498
a Hovenia dulcis B 6 17 136
a Kalopanax septemlobus U 8 24 205
b Larix laricina otv| g 7t % 77 1,874 19,780
a Maackia amurensis OEUF 6 18 150
a Magnolia obovata JrEH 23 69 530
a Metasequoia glyptostroboides H ERA o] of 106 320 2,982
b Picea abies = Q 7} 72 1,324 7,873
b Picea glauca FAY7I7EEH] 44 596 11,624
a Pinus densiflora EngB TS 265 795 13,631
a Pinus koraiensis A 123 369 5,561

a,b Pinus rigida g 7|ty 20 170 1,830
a Pinus x rigitaeda 2 7 g oA 187 563 7,603
a,b Pinus strobus AEZHAN}R 90 1177 6,892
a Platanus occidentalis. OFH S 85 256 3,235
b Populus tremuloides o] = AFA L 58 1,037 20,472
a Prunus serrulata Hip 116 349 5,054
a Prunus yedoensis it 111 335 3,379
a Quercus acutissima. Ay 140 422 5272
a Quercus aliena ZH 39 119 2,068
a Quercus dentata © Z 12 34 340
a Quercus mongolica Al 7 20 124
a Quercus serrata Murray =B 61 185 2,215
a Quercus variabilis e gy 114 344 4,360
a Robinia pseudo-acacia. O} ZHA| L - 46 140 1,605
a Sophora japonica kIR B Y 42 128 1,613
a Sorbus alnifolia T U 24 71 414
a Stewartia pseudocamellia 7R 11 31 155
a Styrax japonicus =3B Ao 10 29 135
a Taxodium distichum Uos 27 81 660
b Thuja occidentalis A oF a5 38 746 6,433
b Tsuga canadensis HyctES 45 986 6,352
b Ulmus americana AR A 24 767 11,438
a Zelkova serrata gV 87 263 3,232
In total 3,093 24,896 219,742
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Table 2. Performance comparison of two CNN models.
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architecture loss o Y loss o Y
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VGGl6 0.1041 96.48 0.3049 90.41
VGGI19 0.1062 96.42 0.2323 92.62
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Figure 2. Comparison of prediction accuracies by the number
of cropped images of each species.
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Figure 3. Confusion matrix of the classification results by
VGG19. The X-axis indicates the prediction label among the
53 species, and the Y-axis indicates the true label. Values
inside the confusion matrix indicate the number of predicted
samples. Refer to the high-resolution figure hosted on
Figshare (https://doi.org/10.6084/m9.figshare.14157086.v4).
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Figure 4. Normalized confusion matrix of the classification results
by VGG19. Values inside the confusion matrix indicate the ratio
of predicted samples to the total samples of each species. Refer
to the high-resolution figure hosted on Figshare (https://doi.org/
10.6084/m9.figshare.14157092.v3).
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Figure 5. Sample images
biloba (right).

of Quercus aliena (left), and Ginkgo
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Figure 6. Sample images of Acer palmatum (left), Acer pseudosie-
boldianum (middle), and Acer palmatum var. amoenum (right).
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indicate the ratio (%) of the prediction.



162 BEILMARESE

ek Bgol vhes RIS W, FHERRE ALt
} =

o A%, mge dole Yol 5 & Ei B S5}
the 41 548 714, 2L BREeRo] 54| ofzig
W AoR S & Ak

9 ATHES CNNO) o] 2 sl Auisl ool
Bgt 7hsA4S Bolzth AR Figure 40415, Abies,
Acer, Betula, Picea, Pinus, Prunus, Quercus 4 W9 455
< AE Hole Aok FR= g2 & Ee i 9
oE For E5siglet, 5.17%9 AUt EEu-
2, 16%2] Tl 13%2] Jaguirt degdds
SR, 7.62%2] Fo|AR 2} 8.00%2] AALHE7E At
AUHER, 6.02%2] SHE7F AR, 9.90%2] W7t
Fuee 22 pree 23E wlth o, R
S50l dalas 530%h 12.73%¢] ExRI} 712t
Apgel R} 2R R BRI 3.23%8) AZRs)
7.86%2] FHRIL e BRI SR HREY)
£ glou, Saune SR 5o 0 3T BRE:
H| &% =SQtchFigure 4).

o= CNNoJ & oAl = 5ol ueh A8 Hol7]
= SRR o 2 !

w
H
1=
0x
olr
=2
o2
o
o
ﬂ
rir
0]
ro
(T

G5 ARIARE o 83 HRSHE BolH 0RE W

= WHALE, ol7le) FIEK o] &
ol, A 5 uH v=d By ol A= ALbstlch
(Figure 8). Bt7d 4] &([Figure 8(a)], ©|7|[Figure 8(c)], 7|E}

it

A110E A2% (2021)

[Figure 8(b)]2] 79 20% W9 v]=rF EAS o Het=
7F 22k 48%, 43%, 56%= |7} EASHA] ke m e
FE N%E 27 shEeke Sd 4 ok E3L v
E7b wodae s AYLTt WolAe A $5HeR

4
ShIg 4= Ik Wl 202 Fa A 23k W) 89l
of F5ol ATHgle] AuHAQl S5 AT} AfolE B
u) mge] Pewst sekshs A2 & 4 AL, T
Y HET AP A Wl Ko AU Ashe
Aol £ Aoz Wtk Ty W ano §

A gle] 4ol 7heth BUA B 15 AL
e 847} EFE o W g 4RES ZHlste] BY)
FAHE oA, B ANZANN F28 ofe A B
Ao BRE TR WACR Bk B Fol £

ko
st
pad)
|o

2 | AEIc(Carpentier et al., 2018).

s, olefat 2)=el famat ofel, ol Tl

2 ) 2le] 2 o] EF mHo] S ol
Faa 2ol = 4 otk 9k A% WEHI A
orou}, o] mebA, 12)3 o 71 Az Wel(10d o
hell olxl= Arkek Zpo]& Hol7] = Fhrh(Ratajezak et
al,, 2019). & =i, A& 7fAQ FajoA ZA ZehA]|
= FHE Hole= 52 o® A= ke &7
2 Ao g o] Yt A7t WAL, Alfto]
Aol et gAo] AR = ST 22 oF =
& A5 o= ¥o]7h Atk CNNZ o|m|X| 25 E thef

e FEoHL o]t ARES TS| EFHAl

t|(Brodrick et al., 2019), RFeF =&} k7ol ulz}
Wolg ol 27, A 5o SA4S B ¥
A% e oz Bk s Ao] Woldl
Sguz ojeia adle] e Hobde oohuy]
stol ek cheret 8 Bk B7o] i ARE S3le)
1 wge Az el A

d

I~

100%| g0 (a)
90%

80%
70%
60%
50%
40%
30%
20%
10%
0%

92%

Predict Accuracy

0 10 20 30 40 50 >50
Coverage of vines (%)

Coverage of mosses (%)

(b)| g (c)

23% 22%

2
16% 15%

0 20 30 40 50 60 70 80 90 100 0 20 30 40 50

Coverage of other objects (%)

Figure 8. Prediction results of the samples with different extent of disturbing factors. Figure (a), (b), and (c¢) represent
the accuracy trends when disturbed by vines, mosses, and other objects, respectively.
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