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A Biological Classification Method Using Scanning Electron Mircroscope Images

via Taxonomy-Based Decision Tree
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Fig.1 Example of the tree structure of the taxon-
omy.
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* FINEEEARR 2 Bk (L5 VB R 207§, X
ik [2) 12 & ) Hek

Table 1 The main types of hierarchy in the Hierar-

chy Taxonomy of Linnaean. *mark shows
the basic rank, and these ranks are always
used. Quoted from reference [2].

[ rank AR
* Jt Kingdom
* [ Phylum
HEM Subphylum
s Superclass
E B * il Class
LB ES) AR Subclass
DFLE R T Infraclass
ZF v ak— 1 (X) Cohort
259 kH Superorder
* H Order
HiH Suborder
TH Infraorder
L Superfamily -oidea
* Ff Family -idae
A Subfamily inae
Bl g Supertribe
T Tribe -ini
i3 Infratribe
& B * IR Genus
Ei Subgenus
[t * il Species
Al Subspecies

79 BZIE, REEOR ) — Fh 508217, 03
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Fig.2 Diagram of the procedures for constructing

the decision tree.
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Fig.3 Flow diagram of the binary tree construction.

Algorithm 1 CostructTree(DT})

Input: H5H/ —F DT} 12T 21/ — F DT (k € £).

Output: R (root) / — F2° DT} Th 5 2 43k,
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5 R+ R—1.
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Step2 i=i+1

Step3 PLEAR DT O i [CREL, MUH —
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Fig.4 Relationship between the diffenrent magnifi-
cation of SEM images of Velleius dilatatus.
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Fig.5 Example images of known species used in the experiment.

# 2 FEBRTHOZGEEROE ) — FOLHE &g
Table 2 Name of each node of taxonomy and the number of images of each node
used in the experiment.
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Table 3 The number of images in each magnification used in this expreiment.
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B, T3 LRETFETIE, KEEORT 554K BWFNE T T T A=A NTHY, N7 2—F3
SIB IR O S 2 FERIIZ T ERRE L7z, £ grid search |12 X W PET 5. T/, RFEBRTIZE SEM
ORI, FWGEORT 05 AR SN D WGEORE L Wi{%7>5 SIFT [9] Ffm 2l L, Bag-of-Features
SEREMOBRERTH 7 IR X918, 5ERE (BoF) [12] 7 7H—FI2 & h Xz M vk L7z 100
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IICREEERITo T A, D7 Ta—F T L, EERREIFET-4T
PEROKL /) — FICH 255 8amE LT, fERLY » % SEM B 5 SIFT fefm el L, 2ol
Ny F~v—rFFEL L THWLNS Suppot Vector LT k-means 7 7 AY ) V7 EET L THELN
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Table 4 Comparison of recall, precision, F-measure and accuracy. The value
shown as bold fonts represents the maximum value for Superfamily and

Family, respectively.

i K HB T Tl Fik 2 Fik 3 RETFL
FRE] R ] ERV] R | ERR] R | ERE] OB | ERE]OFE
Recall 0.42 [ 0.25] 0.42 [ 0.28 | 0.43 [0.29 | 0.52 | 0.34 | 0.51 | 0.36
SVM Precision | 0.61 | 0.34 | 0.61 | 0.41 | 0.60 | 0.40 | 0.56 | 0.36 | 0.60 | 0.36
F-measure | 0.46 | 0.25 | 0.46 | 0.30 | 0.47 | 0.31 | 0.51 | 0.33 | 0.52 | 0.35
a2 0.65 | 0.47 | 0.65 | 0.52 | 0.66 | 0.54 | 0.67 | 0.53 | 0.70 | 0.58
Recall 0.32 | 0.17| 0.32 | 0.17 | 0.33 | 0.18 | 0.34 | 0.19 | 0.34 | 0.20
SVDD | Precision | 0.43 | 0.25 | 0.43 | 0.20 | 0.44 | 0.26 | 0.42 | 0.25 | 0.43 | 0.30
F-measure | 0.35 | 0.18 | 0.35 | 0.16 | 0.36 | 0.18 | 0.36 | 0.19 | 0.37 | 0.21
a2 0.51 | 0.30| 0.51 | 0.31 | 0.52 | 0.33 | 0.52 | 0.34 | 0.53 | 0.36
Precision = 7 e (7)
SHRE N
2 x Recall x Precision
F-measure = — (8)
Recall + Precision
[E#] T ELLSHEENTZT AN T =5 O
R = - (9)
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Fig.6 Taxonomy T used in the experiment.
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Fig.7 The relationship between accuracy of the pro-
posed method and the number of middle im-

ages s, where the middle images are generated

from each image pair by image morphing.
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Fig.8 Modified taxonomy-based decision tree DT.
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Fig.9 Example middle images generated by morp-
ing. The images (a), (c¢) and (d), (f) are im-
age pairs selected from initial training data
of Carabidae and Chrysomelidae, and these
magnifications are x23, x60, x55, x95, respec-
tively. The middle images (b) and (e) are
generated from image pairs of Carabidae and
Chrysomelidae, respectively.
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phing of procedure 2.
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Table 5 Comparison of the classification accuracy of Caraboidea DTG2 and Cer-
ambycidae DT131 before and after varification by the verificaiton node.
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