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Development of Acoustic Monitoring System for Biodiversity Assessment: Improving Performance of a Species Identification

System of Bats from Echolocation Calls Using Deep Learning Technologies in Image Classification and Object Detection
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Abstract: Bats have enormous potential as bioindicators, therefore, monitoring bats helps us to understand the
surrounding environmental changes. In this study, I proposed bat species identifier method based on the analysis
of ultrasound called echolocation calls. I developed two deep learning—based bat species identifiers using an
image classification algorithm and an object detection algorithm, respectively. The image classification
algorithm system achieved 98.1 % (S.E. 0.05 %) as overall accuracy and the object detection algorithm system
achieved 67.6 % (S.E. 0.9 %) as mAP@.5. Finally, I verified the applicability of the image classification

algorithm system using the data collected in four forests with the different management types.

Keywords: convolutional neural network, MobileNetV1, YOLOv3, biodiversity

1. #x-BHHM

aUE Y ORT HHEW (echolocation call, LT 22—/ 1) 2> bl % @ kg E CHIBIT 2B &2 B3 2
LT, Ay AEEEME LIERET =2 VI REMSAREOFHIIA FIRE L 70 D . DT,
EIN AL TR 8 &2 ORI S A7 DO TOILTE 2. Loy LENOSEI TR ClrixtSfE
DENICEERT 223 OB I EOATHLIREOEN ST Y . AR TIERE S (HE
S - IRRR) 2 HWT, MG A 30 FRICHRE L2 AT AT LA HRE LTz,
FAMFE CERE SNTZERT=Z ) 7T =2 b a vt ) O & WO Z 58T L.
2. BIRF&
2. 1 ARV +OTSLOEREEZRFETINT Y XLICK HFEHA S X T LOEE

O ER DFENTIE, 1999~2019 4RI HAD 19 Hiulk & @ [E ) 1R CTiE Lo F IR 26 L7, 5 1,400
DEFRT 7 A NNEHEED/N—A h & (Sound Pressure level: 10 dB, Frequency: 10~220 kHz, Time
window: 200 ms) L, #f 54,525 D A7 s w7 Z K% R LT-. data augmentation (cutout, random erasing,
salt-and-pepper noise) % FEH T — X Z#MH L7-. ImageNet DE{E535H 4 A7 T pre-trained X417
MobileNetV1? % fine-tuned L7=. XA R ki K % nested cross-validation (CV) % VT, /A 73—
IRNT A =B DRFE L P EIERE & AT L 7.
2. 2 F/T—2a3 0T A0fEREPERHETIVI) XLICKSTEHA S R T LOEE

21 HiCHEMR LAY ha /T ACFE 22—V O %777 Bounding Box #1595 Z & T,
35820 DT /) T — a T —X EER LT, Z OB, EREIE®Z R T % 72912 Bounding Box ®
HEms 2 BG4 XL —E S W72, ImageNet THEIfE3FH S A 7 T pre-trained S4172 416 X416 YOLOv3?
(You Only Look Once) % fine-tuned L7=. 10-fold CV % VT, PUALMEREZ 5T L7=.
2. 3 RHDERE=ARVVIT—E~DER

2.1 B CHEEE L7 o 27 AT, 2016 4F 6 HICHUR KR FALHEEE K (8 BE) D 4 DO
THESNIZF 3144 D ERE=F )V v /T —F 2 N LT, FaHET 22 LT, SHHEDEL
L DOFEZERME AT L, EMFEOE LA b EICFHBI > R 7 LD FEEREE C O H rTREME 2 st L 7.



10/ noren 0.780_noren 00508ren 0.833] 28_yaeyamakokjkugashira-0994:(

24 _kokikugashira 0.996

L AT R |

Ii 0.999

(@) H—=—/L (H—7) (b) #E=—v (HE—HH) (6) #¥=— (BHFE) (d) 74 RXBEET
® 1 YOLOV3 |2 L A M HERA]. KOS a2 — LT HINGE 257, TR 4 50
3. BR-EE
3. 1 ERAWMFLTYXLETLORCERENME &~ oo™t et
BT VT Y R LET N OPALIEREIT Overall ?; = e e Hopasros
accuracy T 98.1 & 0.05 (FEHEHE3E) % Cho7-. 2 D =
EURRIO Fl score (HAFEEFREOMMTL) 13 o o
30 filih 24 fliA% 95 % LA b L@ VR 2R LTz, FF %m
\& Murina J& & Myotis JBO Fl score 7399.1 + 0.1% , &
99.0 + 0.1 % THY, ENOKITIED LEBLT % e g wm|
WS (%949 = 00% , 98.6 + 0.0%). — A oy e

S1: YIRS R T 4, S2: HFIR

FagrYDa—L A XETRARID R S 7.
3. 2 PHEBRUT LT XLETILORACIEREETE

Wik T v 3 X AET VOPFALYEREIE, ToU (Intersection over Union) 7% 0.5 LA_ETH vk
&35 mAP@.5 (i & 2%, mean Average Precision) Talli L7-=. &= 7€ U D mAP@.5 13 67.6 %
+ 09 % Tholz. 1 (a) ICH—FE - H—a—/, (b) ([CH—F - F=—n, (c) [THEHFE -
Bla—n, (d) 12/ A XBRE FTOREREREIZ~T. @ — A BRIET 5 A7 bu /7 ATkt
LTHa—nzXplLTHRETE @ 1 (b)-(), /A XEEFTha— L as@lcmical (B
1 (). —F, FEMTTHfLMEZ PP HR SN, FEBHSThhromitE b RSNz,
3. 3 ERIRTOEAWREMRE

EBRSET VT ALET N EIMRE COERE=F ) 7T —XIZHEHHA L& 25, HHFEOFE
AR (B 2 S2) & [AIERIC A TOMAA T Myotis B Z < i S 4v7z (B 2 S1). AR D R HREED
BN VRAFRIE ETEBV R & < 72 2B AR S 4, MAEBOREZERMENTHME CE 2. 2 OfER
b, RIS AT AEIGH LICEBRE COAMZEREE =421 7 OR AN RSN,

4. SHRORE

LB OPEIT, PULHEREZ M LS 572 DICS R AR ERE CL ONTEEF T — 4 THET52 L,
Transformer 23 HAA E NIRRT LY ZALET LY Z W TRIBREEZ M =75 2 &, 5]
VAT WESERIRFERECHHAT 5 Z ERBITOND.

B35 R

1). Masuda et al. (2017) : Bat species classification by echolocation call using a machine learning system. Honyurui Kagaku
(Mammalian Science) 57, 19-33.

2). Howard, A.G. et al. (2017) : MobileNets: Efficient Convolutional Neural Networks for Mobile Vision Applications.
arXiv:1704.04861 cs.

3). Redmon, J. and Farhadi, A. (2018) : YOLOvV3: An Incremental Improvement. arXiv:1804.02767 [cs].

4). Carion, N. et al. (2020) : End-to-End Object Detection with Transformers. arXiv:2005.12872 [cs].

2 2 U%E Y OFELARME & HFRO AR



