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Table 3.1

Table 3.1: Wiping Device Components

Component Name Material

6-axis Force Sensor N/A

Sensor Link ABS Plastic

Free Joint N/A

Contact Plate ABS Plastic

Cover Sheet Stainless Steel
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Fig. 3.5: Schematic Diagram of Separating-motion in Vertical Direction.
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Fig. 3.6: Schematic Diagram of Separating-motion in Rotate Direction.
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Fig. 3.8: Measurement Procedure.

27



28



4

4.1

Table 3.1

4.2

Table 3.1

Fig. 4.1

Type A: 2 mm

φ 60◦ 60◦

Type B: 2 mm φ 90◦
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Type C: 2 mm φ 120◦

120◦

Type D:

400 g

Type E:

800 g
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Fig. 4.1: Five Type of Wiping Device Configuration.
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4.3

4.3.1

4.2 5

Fig. 4.2 4

PVC PVC Linoleum

Acrylic Stainless 4

Table 4.1

JIS K5600-5-4

[52] ISO 4586-2

[53]

7 10 mm/s

Taylor Hobson S-100[54]

Table 4.1: Surface Materials

Name
Pencil

Hardness (hp)

Spring

Hardness (hs) [MPa]

Surface

Roughness (Ra )[μm]

PVC 5B 0.51 4.86

Linoleum 2B 1.20 1.79

Acrylic 4H 5.09 1.57

Stainless over 6H 4.46 1.67

(a) PVC (b) Linoleum

(c) Acrylic (d) Stainless
Fig. 4.2: Surface Materials.
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Fig. 4.3: Wheel Type Mobile Robot

(a) Type A (b) Type B

(c) Type C (d) Type D/E
Fig. 4.4: Five Type of Real Wiping Device.

Fig. 4.3 i-Cart mini[55]

Fig. 4.4 4.2 5

i-Cart mini

vw 0.1 m/s 0.7

m/s 0.1 m/s / Leptrino

CFS034[56] X Y 150 N Z 300 N
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Fig. 4.5(b) (i)

vw = 0.1 m/s (ii) vw = 0.2 m/s

95% 105% fr (fr(ir)) Fig. 4.5(c)

v
(i)
w f

(i)
r(ir)

f
(i)
r(ir) j f

(i,j)
r(ir) v

(i)
w
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mf
(i)
r

mf (i)
r = median

(
f
(i)
r(ir)

)
(4.6)

=

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

f

(
i,

M(ir)−1

2
+1

)

r(ir)

(
M(ir) = 2m+ 1

)
,

1
2

⎛
⎝f

(
i,

M(ir)
2

)

r(ir) + f

(
i,

M(ir)
2

+1

)

r(ir)

⎞
⎠ (

M(ir) = 2m
)
.

(4.7)

M(ir) v
(i)
w f

(i)
r(ir) m 1
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In-range resistance force

Separating-motion
Wiping-motion (Forward)
Wiping-motion (Backward)

(i) (ii)

Step 1: Calculate resistance force.

Step 2: Select in-range signals.

(a)

(b)

(c)
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Time [s]
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]
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]

Time [s]
Fig. 4.5: Measured Signal Processing
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4.3.3

Fig. 4.6 mfr vw

(vw) (mfr) Fig. 4.2

5 v
(i)
w 5 mf

(i)
r

[57]

Type A: PVC 3 vw mfr PVC vw

mfr

Type B: 4 vw mfr mfr

vw

Type C: mfr vw PVC 3 mfr

Type D: mfr vw PVC mfr

3

Type E: 4 mfr mfr vw

vw mfr

Type A PVC mfr

mfr Type A

Type B E 4

Type B E 2

(I) mfr

(II) mfr

Type B Type E (I) Type C Type D (II)

mfr

(3.2) (3.3) fr

(fs) mfr

Fig. 4.6(a) Type A PVC mfr

vw

mfr

(I) Type B Type E
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(a) Type A (b) Type B

(c) Type C (d) Type D

(e) Type E
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Fig. 4.6: Resistance Force per Each Wiping Velocity
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Type B Type E

Table 4.2 2

mfr

vw

Table 4.2: Surface Condition

Condition Name Viscosity [mPa·s]
Water 1.0

Salad Oil 52.5

Table 4.2 Water Salad Oil

Clean 3 Fig. 4.7

vw mfr

5

Clean Water Salad Oil

Type B Water: mfr vw nfr

vw

Type B Salad Oil: mfr vw mfr

vw

Type E Water: mfr vw mfr PVC

vw

Type E Salad Oil: PVC 3 mfr vw mfr

vw mfr

mfr Type

E
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(a) Type B Clean

(b) Type B Water

(c) Type B Salad Oil

(d) Type E Clean

(e) Type E Water

(f) Type E Salad Oil
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Fig. 4.7: Resistance Force per Each Wiping Velocity.
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Type E mfr Fig. 4.7(d) (e)

(f) mfr mfr

vw mfr

vw mfr

Clean: vw mfr

Water: vw mfr

Salad Oil: vw mfr

mfr Table 4.1 Fig. 4.8

mfr

mfr

mfr

Type E Type E mfr

vw

mfr vw

mfr

vw

0.1 m/s 0.7 m/s 1 1.3 [32]

Type E 800 g 1 kg

vw

vw 10 %
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R
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e 
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]

Scratch Hardness 
Fig. 4.8: Comparison of Resistance Force and Scratch Hardness.
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4.4

4.4.1

fad ηad fad

ηad η η

Fig. 4.2 Table

4.3 Table 4.3 Clean

Table 4.3: Condition List

Name Viscosity (η) [mPa·s]
Clean 1.82×10−2

Water 1.0

Machine Oil 14.4

Salad Oil 52.5

Fig. 4.9 Fig. 4.3

Fig. 4.9(a) (b)

Fig. 3.7

Robotis Dynamixel AX-18A

ABS

(a) Before Separating (b) After Separating

Weight: 800 [g] Lift-up Arm

Fig. 4.9: Measurement Apparatus.
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4.4.2

Fig. 4.10 4 fr

Acrylic

fv

fad fad

large

small
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ty Salad Oil
Machine Oil
Water
Clean(Air)

Trial 1
Trial 2
Trial 3

(c) Machine Oil (d) Salad Oil

(a) Clean (b) Water
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Fig. 4.10: Time-Series Graph of Resistance Force (fr) while Separating Motion on Acrylic.
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Fig. 4.11 fad ηad

Clean: fad ηad

Water: Clean fad ηad

Machine Oil: Salad Oil (fad, ηad)=(12,

300) fad ηad

Salad Oil: Machine Oil (fad, ηad)=(13, 350) fad ηad

Oil

fad ηad Table 4.3 η fad

η η fad ηad η

Clean Water η Clean < Water ηad

Water < Clean fad η

fad

A
dh

es
iv

e 
V

is
co

si
ty

 (
) [

]

Adhesive Force ( ) [ ]

+ Clean
+ Water
+ Machine Oil
+ Salad Oil

Fig. 4.11: Measurement Result of fad and ηad.
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4.5

3

6

fr

5

PCV, Linoleum, Acrylic, Stainless 4

5 vw

mfr mfr

2

2

mfr

mfr Type E

fad

Type E

4 Clean, Water, Machine

Oil, Salad Oil 4 fad

fad

η η fad

•

•

•

•
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5

5.1

4 mfr vw mfr

fad

5.2

Fig. 4.6

fr (mfr) vw vw mfr

vw mfr

xsl =

⎡
⎢⎢⎢⎢⎣
v
(1)
w mf

(1)
r

v
(2)
w mf

(2)
r

...
...

v
(N)
w mf

(N)
r

⎤
⎥⎥⎥⎥⎦ . (5.1)

v
(i)
w mf

(i)
r

N

v
(i)
w N v

(i)
w

xshort
sl =

⎡
⎢⎢⎢⎢⎣
mf

(1)
r

mf
(2)
r

...

mf
(N)
r

⎤
⎥⎥⎥⎥⎦ . (5.2)

mfr (simple list) sl

sl mfr N

v
(i)
w
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5.3 mfr

5.3.1 mfr

4 4.3 Type E mfr

vw

mfr : (Fig. 4.8)

mfr : vw Clean Water

Salad Oil (Fig. 4.7(d) (e) (f))

vw mfr

mfr vw

(mfr) (vw)

(hs) (η)

CR

CR =

⎡
⎢⎣
cr11 cr12 · · · cr1J
...

. . .
...

crJ1 crJ2 · · · crJJ

⎤
⎥⎦ , (5.3)

crij =
1
K

∑K
i=1(xi − x̄)(yi − ȳ)√

1
K

∑K
i=1(xi − x̄)2

√
1
K

∑K
i=1(yi − ȳ)2

. (5.4)

xi yi

vw mfr xi = v
(i)
w yi = mf

(i)
r crij

−1 ≤ crij ≤ 1 crij -1

1 0

Fig. 5.1 CR Fig. 5.2

CR

CR crij -1 1

Fig. 5.1 mfr

Fig. 5.2

mfr

mfr Fig. 5.1 η Fig. 5.2 hs

. mfr
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(a) PVC (b) Linoleum

(c) Acrylic (d) Stainless
Fig. 5.1: Coefficient of Correlation in Each Surface Material.

(a) Clean (b) Water

(c) Machine Oil (d) Salad Oil
Fig. 5.2: Coefficient of Correlation in Each Surface Condition.
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5.3.2 vr

descriptive feature

“ Ravg” “ Vavg”

Ravg =
1

N

N∑
i=1

mf (i)
r , (5.5)

Vavg =
1

N − 1

N−1∑
i=1

(mf (i+1)
r −mf (i)

r ). (5.6)

mf
(i)
r vw = v

(i)
w N vw

vw = 0.1, 0.2, 0.3 N = 3

Ravg

Vavg

xvr =

[
Vavg

Ravg

]
. (5.7)

vr

Fig. 4.7(d) (e) (f) Fig. 5.3(a) (b)

(c) Vavg Ravg (a)

Clean (b) Water (c) Salad Oil

Clean: Vavg > 0 Ravg Stainless < Acrylic < Linoleum < PV C

Water: Vavg < 0 Ravg Stainless < Acrylic < Linoleum < PV C

Salad Oil: Vavg > 0 Ravg PVC

Vavg = 0 PVC Clean Water

Fig. 4.7(d) (e) (f)
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(a) Clean (b) Water

(c) Salad Oil
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Fig. 5.3: Distribution of vr Feature Points.
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5.3.3 vr

vr Fig. 5.4

Fig. 5.4(a)

(b) (c) (a) PVC-Clean PVC-Water

(b) Stainless-Clean PVC-Salad Oil

mfr

(c)

vr

(a) (b) (c)

(a) (b)

mfr

(a)(b)
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Clean
Water
Salad Oil
PVC
Linoleum
Acrylic
Stainless

(a)

(b)
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e 
[N

]

Average Resistance Variation [N]

(c)

Fig. 5.4: vr Feature Point in Same Feature Vector Space.
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5.4 fad

5.4.1 vrf

4 4.4 fad ηad η

fad η fad

fad

fad vr fad fad

Fig. 4.11

fad Sad Sad f
(i)
ad mfad

fad

Sad =

{
f
(1)
ad , f

(2)
ad , . . . , f

(M(ad))
ad

}
, (5.8)

mfad = median (Sad) . (5.9)

mfad vr

xvrf =

⎡
⎢⎣ Vavg

Ravg

mfad

⎤
⎥⎦ . (5.10)

vrf

5.4.2 vr

Fig. 5.5 vrf vrf fad

fad

Clean, Water:

Machine Oil: Clean Water

Salad Oil: PVC

Fig. 5.5 (a) (c) Fig. 5.4 (a) (c) Fig. 5.4 (a)

PVC-Clean PVC-Water Fig. 5.5 fad

Fig. 5.4(b) Stainless-Clean PVC-Salad Oil

vr 3 2 fad

Fig. 5.4(c) fad Fig. 5.5 Machine

Oil Salad Oil

fr

(3.2) (3.3) fd fs

fr
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fs fs

fs vrf Vavg, Ravg

P: PVC  L: Linoleum  A: Acrylic  S: Stainless
: Clean     : Water     : Machine Oil     : Salad Oil

(a)

(b)
(c)

Fig. 5.5: The vrf Feature Point.
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5.5

mfr vw

vw (hs) (η) (mfr)

mfr hs η

vr

vr (Ravg) (Vavg) Ravg

Vavg vr

vr

vr mfr

fad

vr fad vrf vr

vrf

fad

Clean Water

fad Oil

vrf

3

• vrf

• vrf

•
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6

6.1

1

ptr

1. Fig. 6.1 O

SPt = [xt yt ψt]
T

2. SPt SPr =

[xr yr ψr]
T

3. SPt SPr SPd (= SPt − SPr)

ptr 0 1 .

SPd 0 ≤ |SPd| ≤ ε (ε � 1)

fr

fr SPr

ptr

fr fad

ptr

f
(s)
r Fig.

3.7

f
(s)
r fr

f
(r)
r f

(l)
r

f (s)
r = q(0)fr + q(1)f (r)

r + q(2)f (l)
r (6.1)

q(i) (i = 0, 1, 2) q(i) f
(r)
r f

(l)
r

ptr
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Fig. 6.1: An Example of Position and Posture Definition.

6.2

1 vw (N)

1 N vrf

N 1 1

M 2N 1

M − 2N)

vrf vw vrf

Vavg vw vw

Vavg V ∗
avg

V ∗
avg =

1

N − 1

N−1∑
i=1

mf
(i+1)
r −mf

(i)
r

v
(i+1)
w − v

(i)
w

. (6.2)

v∗rf v∗rf
2
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Fig. 6.2 1

fr fr(ir) v
(i)
w f

(i)
r(ir)

1 Vavg Ravg 1

N N fad 1 Vavg, Ravg

v∗rf 1

N v∗rf
Fig. 6.3

Wiping
Motion

Separating
Motion

Pseudo
Data

Measured
Data

: data in each wiping-velocity 
: data of separating-motion
: data in 95 105% section of 
: Wiping 
: Candidate of 

Fig. 6.2: Schematic Diagram about Generating Pseudo Data.
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P: PVC  L: Linoleum  A: Acrylic  S: Stainless
: Clean     : Water     : Machine Oil     : Salad Oil

Fig. 6.3: Distribution of v∗rf Feature Points with Pseudo Data.
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6.3

Fig. 6.3 ptr

V ∗
avg, Ravg, fad v∗rf fad

1 5 5.4.2 vrf

/ V ∗
avg Ravg fad

/

(case: V):

(case: H):

2 Table 6.1 Table 6.2

1 0 V-1 V-2 V-3

H-1 H-2 H-3

mfr

Table 6.1: Labeling for Traversability Estimation Depending on Liquid Visocisity.

case: V-1 case: V-2 case: V-3

Clean 1 1 1

Water 0 1 1

Machine Oil 0 0 1

Salad Oil 0 0 0

Table 6.2: Labeling for Traversability Estimation Depending on Scratch Hardness.

case: H-1 case: H-2 case: H-3

PVC 1 1 1

Linoleum 0 1 1

Acrylic 0 0 1

Stainless 0 0 0

(ptr)

[58] Fig. 6.4 Fig. 6.5 case: V case: H

v∗rf ptr 0 1

1 0

wT · xv∗rf =
[
w0 w1 w2 w3

]
⎡
⎢⎢⎢⎣

1

V ∗
avg

Ravg

fad

⎤
⎥⎥⎥⎦ , (6.3)

= 0. (6.4)
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x
′
v∗rf ptr

ptr =
1

1 + exp(−wT · x′
v∗rf )

(6.5)

=
1

1 + exp(−(w0 + w1V ∗
avg + w2Ravg + w3fad))

(6.6)

Table 6.3 Table 6.4

Table 6.3: Weights of Case: V Series

w0 w1 w2 w3

case: V-1 26.07304107 0.268555887 -0.736408151 -2.632746315

case: V-2 14.16032483 -0.141012079 1.22684603 -1.457953072

case: V-3 20.3436943 -0.698628076 -0.740281241 -1.5298659

Table 6.4: Weights of Case: H Series

w0 w1 w2 w3

case: H-1 -8.034306944 0.041940421 1.263971554 0.514990036

case: H-2 -7.283063466 0.117709956 1.450212014 0.488373278

case: H-3 -3.745902454 0.041450738 0.788485245 0.309205608
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(a) case: V-1 (b) case: V-2

(c) case: V-3
Fig. 6.4: Feature Points Distribution and Separating Plane of Case V.

(a) case: H-1 (b) case: H-2

(c) case: H-3
Fig. 6.5: Feature Points Distribution and Separating Plane of Case H.
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Fig. 6.6 Fig. 6.7

V ∗
avg Ravg fad (Traversability)ptr
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case: V-1
case: V-2
case: V-3

Fig. 6.6: Relationship Between Feature Vescor Axis and Traversable Probability in Case

V.
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case: H-1
case: H-2
case: H-3

Fig. 6.7: Relationship Between Feature Vescor Axis and Traversable Probability in Case

H.
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Fig. 6.6 V ∗
avg

Ravg

fad

Fig. 6.7 Fig. 6.6 V ∗
avg

fad 10.0 ≤ fad ≤ 14.0 fad

v∗rf

• Ravg

• V ∗
avg

• fad

6.4

fr fr

vrf v∗rf
/ V ∗

avg Ravg

fad

•

•

•

•
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7

7.1

7.2 SVM

7.2.1 Support Vector Machine

Support Vector Machine SVM [58]

Fig. 7.1 2 2

{-1, +1}

SVM

min
1

2
||w||2 s.t. yi(w

Txi + w0) ≥ 1. (7.1)

(7.1)

min
1

2
||w||2 + C

∑
ξi s.t. yi(w

Txi + w0) ≥ 1− ξi, ξi ≥ 0. (7.2)

(7.2) ξi ξi i

C ξi

C C
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Margin

Fig. 7.1: Schematic Diagrma of SVM
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7.2.2

SVM SVM

Fig. 7.2(a)

Fig. 7.2(b)

( (7.3)) RBF

( (7.4))

k(x,x′) = (r + γxTx′)d (d ∈ N), (7.3)

k(x,x′) = exp(−γ||x− x′||2). (7.4)

r d γ

(a) Linear inseparable

Mapping

(b) Linear separable
Fig. 7.2: Linear Inseparable Data and Mapped Linear Separable Data.
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7.2.3

6 v∗rf SVM

Fig. 6.3

Clean Clean Water

SVM

Salad Oil Machine Oil

PVC Linoleum

SVM

fr fad

v∗rf
SVM

RBF

1. 2. 3. +

4. + 4

n-fold
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7.3

7.3.1

(presence)/ (absence) 2

2 Table 7.1

Table 7.1: Liquid Presence/Absencce Class Label

Class Label Surface Condition

absence Clean

presence

Water

Machine Oil

Salad Oil

Fig. 7.5 Table 7.1

RBF SVM

Fig. 7.4 γ

C 10−10 ≤ γ ≤ 102

10−2 ≤ C ≤ 1010 γ C

C = 10.0 γ = 1.0

5-fold N =

Ntrain = 0.8N Ntest = 0.2N

Table 7.2 5 Precision Recall F-measure

(Accuracy) 99.1%

Table 7.2: Average Estimation Rate in Liquid Presence/Absencce Estimation

Precision Recall F-measure

absence 0.98 0.98 0.98

presence 0.99 0.99 0.99

v∗rf
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Fig. 7.3: Feature Points Distribution about Liquid Presence

Fig. 7.4: Result of Grid Search for Liquid Presence Estimation
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7.3.2

4 Table 4.1 4

4 / 2

. Table 4.1 Scratch

Hardness (Spring)

Table 7.3: Hard/Soft Discrimination Class Label

Class Label Surface Material

soft
PVC

Linoleum

hard
Acrylic

Stainless

7.3.1 RBF SVM Fig. 7.6

10−6 ≤
γ ≤ 101 101 ≤ C ≤ 108 C = 105 γ = 0.01

Table 7.4 5-fold (Accuracy) 88.6%

Table 7.4: Average Estimation Rate in Surface Hard/Soft Discrimination

Precision Recall F-measure

hard 0.83 0.96 0.89

soft 0.96 0.81 0.88

Table 7.3

90%
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Fig. 7.5: Feature Points Distribution about Liquid Presence

Fig. 7.6: Result of Grid Search for Hard/Soft Discrimination
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7.3.3

7.3.1 7.3.2

Fig. 7.7 Table 7.1 Table 7.3

4

(soft:presence) (hard:presence)

RBF

Fig. 7.8 10−7 ≤
γ ≤ 102 10−2 ≤ C ≤ 107 C = 100 γ = 0.1

Table 7.5 5-fold (Accuracy) 91.6%

Table 7.5: Average Estimation Rate in Hard/Soft and Liquid Presence/Absence Esti-

maiton

Precision Recall F-measure

hard:absence 1.0 1.0 1.0

hard:presence 0.85 0.95 0.89

soft:absence 0.97 1.0 0.98

soft:presence 0.94 0.83 0.88

Table 7.5

fad

6
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Fig. 7.7: Feature Points Distribution about Hard/Soft and Liquid Presence/Absence Es-

timation

Fig. 7.8: Result of Grid Search for Hard/Soft and Liquid Presence/Absence Estimation
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7.3.4

3

Fig. 6.3 10−10 ≤ γ ≤ 102

10−1 ≤ C ≤ 1010 C = 104 γ = 0.01 Fig. 7.9

Table 7.6 5-fold (Accuracy) 80.3%

Table 7.6: Average Estimation Rate in Surface Property Name Estimaiton

Precision Recall F-measure

clean:pvc 0.95 0.93 0.93

clean:linoleum 1 0.93 0.96

clean:acrylic 0.52 0.73 0.6

clean:stainless 0.63 0.6 0.57

water:pvc 0.95 0.93 0.93

water:linoleum 0.95 0.93 0.93

water:acrylic 0.95 1 0.97

water:stainless 1 0.93 0.96

machineoil:pvc 0.9 0.93 0.9

machineoil:linoleum 0.71 0.53 0.57

machineoil:acrylic 0.95 1 0.97

machineoil:stainless 0.72 0.73 0.71

saladoil:pvc 0.95 0.93 0.93

saladoil:linoleum 0.55 0.4 0.43

saladoil:acrylic 0.47 0.53 0.47

saladoil:stainless 0.8 0.8 0.8

Table 7.6 oil clean:acrylic clean:stainless

oil 5.4.2 (c)

fad V ∗
avg

Ravg

fad

SVM

77



Fig. 7.9: Result of Grid Search for Surface Property Name Estimation
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Table 7.7: Confusion Matrix of Surface Property Name Estimaiton

c:p c:l c:a c:s w:p w:l w:a w:s m:p m:l m:a m:s s:p s:l s:a s:s

c:p 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

c:l 1 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0

c:a 0 0 11 3 0 0 0 0 0 0 0 0 0 0 0 0

c:s 0 0 8 6 0 0 0 0 0 0 0 0 0 0 0 0

w:p 0 0 0 0 13 2 0 0 0 0 0 0 0 0 0 0

w:l 0 0 0 0 2 13 0 0 0 0 0 0 0 0 0 0

w:a 0 0 0 0 0 0 13 2 0 0 0 0 0 0 0 0

w:s 0 0 0 0 0 0 1 14 0 0 0 0 0 0 0 0

m:p 0 0 0 0 0 0 0 0 14 0 0 0 1 0 0 0

m:l 0 0 0 0 0 0 0 0 0 8 1 5 0 0 1 0

m:a 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0

m:s 0 0 0 0 0 0 0 0 1 4 0 10 0 0 0 0

s:p 0 0 0 0 0 0 0 0 1 0 0 0 14 0 0 0

s:l 0 0 0 0 0 0 0 0 0 1 0 1 0 6 6 0

s:a 0 0 0 0 0 0 0 0 0 0 0 1 0 1 12 1

s:s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4

Table 7.7

Table

7.6 clean:pvc

c:p clean:acrylic

clean:stainless

clean:acrylic clean:stainless

clean:stainless clean:acrylic

oil fr vw

V ∗
avg Ravg

Table 4.1 Acrylic Stainless

|h(Stainless)s −h
(Acrylic)
s | = 0.636 PVC Linoleum |h(Linoleum)

s −h
(PV C)
s | = 0.694

Fig. 4.7 fr 1 N

v∗rf Fig. 4.7

fr v∗rf
V ∗
avg Ravg fr fr
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7.4

v∗rf
4

4

1
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8

8.1

1

2

3

fr vw

fad

2

4

5

4

fr

800 g Type E
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fr fr

fad

Clean Water Machine Oil Salad Oil 4

fad

fad η

5 fr fad

2 vr vrf

fr

vr “ ”

“ ” vr

vr

vrf vr fad vr

vrf vr

6

vrf v∗rf

V ∗
avg Ravg fad

V ∗
avg

Ravg fad Ravg

fad

7

4

RBF SVM 4

80%

8.2
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4 6

4

4

Solvi Arnold

Solvi

2 ImPACT TRC

2 ImPACT TRC
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Solvi

RA

9
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A

A.1 (Confusion Matrix)[58]

7 Accuracy Precision Recall F-measure

A.1

TP FP FN TN

Table A.1: Confusion Matrix of Binary Classification

Actual Label

Positive Negative

Predicted

Class

Positive TP FP

Negative FN TN

TP: Positive Positive

FP: Negative Positive

FN: Positive Negative

TN: Negative Negative

Accuracy Precision Recall F-measure

Accuracy =
TP + TN

TP + FP + TN + FN
, (A.1)

Precision =
TP

TP + FP
, (A.2)

Recall =
TP

TP + FN
, (A.3)

F −measure =
2Recall · Precision

Recall + Precision
. (A.4)

Accuracy: Positive Negative Positive Negative

Precision: Positive Positive

Recall: Positive Positive

F-measure: Precision Recall
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