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[Abstract]

In modern society, the service method is tended to prefer the non-face-to-face method rather than the
face-to-face method. However, services that recommend products such as shoes will inevitably be
face-to-face method. In this paper, for the purpose of non-face-to-face service, a system that a foot size
is automatically measured and some shoes are recommended based on the measurement result is
proposed. To analyze the performance of the proposed method, size measurement error rate and
recommendation performance were analyzed. In the recommendation performance experiments, a total of
10 methods for similarity calculation were used and the recommendation method with the best
performance among them was applied to the system. From the experiments, the error rate the foot size
was small and the recommendation performance was possible to derive significant results. The proposed
method is at the laboratory level and needs to be expanded and applied to the real environment. Also,

the recommendation method considering design could be needed in the future work.

» Key words: Image Processing, Recommendation System, Foot Shape, Artificial Intelligence,
Machine Learning
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I. Introduction
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II. Shoe Recommendation Hardware
System based on Foot Shape Image
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Image ﬁ

Result of Size Measurement <—I

Process 1 : Preprocessing

Process2 : Background

™\ r ~
Process3 : Size Measurement
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Fig. 4. Process of Measuring the Shoes Size

1. Size Measured Phase
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Fig. 6. Results of Similarity and Normalization
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1.2 Process 2: Background and Object Separation
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Fig. 7. Results of Binarization, Opening Operation and
FloodFill
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Real Foot Width Size =w* * (w' /w)
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Fig. 9. Real Foot Size (width, height)
Transformation Method
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IV. Hardware/Software Implementation

and Experimental Results

1. Hardware and Software Implementation Result
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=rolA 53 stedols 28 11 (a), (b)et 2
938 913 gue 5 iKH% 4 gsigion]

FmeReal Fo I Width Size (W5,
»>

Similarity
CalculationWs l

Process1:
Product Recommendation ‘°“° T
Informa(mn l
Step 1 T y L2
PP . roduct Code . i =
{ Similarity Calculation } Width Middle  Bottom Size
(name) (Width) (Width)
Sten 2 l Productl Sizel.1 Sizel 2 Sizel.3 Sizel 4
o R )
{ Recommend Product based on Similarity
Product2 Size2.1 Size2.2 Size2.3 Size2.4
Product3 Size3.1 Size3.2 Size3.3 Size3.4

(a) Product Recommendation
Process

Fig.
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Fig. 12. Foot shapes and their experiment Images

Table 1. Number of Images per Size (Casel: Left
Two in Figure 12, Case2: Right Two)

Division 260mm 270mm Total

casel 46 25 34 34 37 33 214

case? 31 34 34 37 32 39 202

Total 416
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Table 2. Similarity Functions for Recommendation

Division

Equation

Cosine Similarity

o Sshows ; ’ ’

T e l Twsl o e )
D (SSE? x4 DI (WS,)

i=1 i=1

where the sk means the similarity of the k-th product, the SS"; means the size of the
k-th product(.SS), and the TS means the actual foot width.

Distance Similarity

sy = /(58— WS, ) + ...+ (S5 — WS, )? (4)

Similarity of [12]

»min(SSF, WS,
5, (885, WS) = = (55, W)

n /=1 max(SSF, ws,) )

where the denominator equalizes to zero, then s, (SS*E Ws)=1.

Similarity of [13]

n 2% min(SSF, WS,)
Y g (6)
i=1 S5+ WS;
where if (SSF+ WS,) =0, then s,(SS*, WS)=1.

5, (S8, WS) =

Similarity of [14]

> min(SSF, Ws,)

s, (SS*, WS) = :
3 ) > max(SSE, Ws,)

(7)

Similarity of [15]

s, (58", WS):% f](ss,ﬂ ws;)? (8)
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Normalization
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k 'k WSJ’
NSSf=——"1 — NWS,= ——~1—
>SS WS, )
3 1 min (NSS, NWS,)
s, (NSS*, NWS) = — ( )

n /=1 max(NSSF, NWS,)

where the NSSJ-’“ means the value obtained by dividing the j-th value of the k-th product(SS)
by the sum of SS, and the WSS, means a value obtained by dividing the j-th value of
the actual foot width( WW.S) by the sum of WS.

k:

k WS;
NSSi= ——— NWS§; = ——"—
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Table 3. Recommendation Performance Comparison

ACKNOWLEDGEMENT

Cosine Similarity
Product | Product
1 2
86.11 | 96.77
98.51 | 82.35
95.78 | 88.57
Similarity[12] of
Product | Product
1 2
90.00 | 96.83
100.0 | 78.26
61.43 | 91.55
Similarity[14] of
Product | Product
1 2
75.71 | 96.83
100.0 | 82.61
55.71 | 84.51

Similarity[12] of

Product | Product

1 2

88.57 | 96.83

100.0 | 82.61

98.57 | 90.14

Similarity[14] of

Product | Product

1 2

88.57 | 96.83

100.0 | 82.61

95.71 | 88.73

Distance Similarity
Product | Product
1 2
59.16 | 96.77
9552 | 82.35
54.29 | 85.92
Similarity[13] of
Product | Product
1 2
91.43 | 96.83
100.0 | 78.26
61.43 | 91.55
Similarity[15] of
Product | Product
1 2
60.00 | 96.83
96.97 | 82.61
54.29 | 85.92
Similarity[13] of
Product | Product
1 2
88.57 | 96.83
100.0 | 82.61

98.57 | 90.14

Similarity[15] of

Product | Product

1 2

85.71 | 88.57

100.0 | 82.61

97.14 | 88.73

Division
(Unit:m
m/%)
260
270
275
Division
(Unit:m
m/%)
260
270
275
Division
(Unit:m
m/%)
260

270

275

Division

(Unit:m

m/%)

260

270

275

Division

(Unit:m

m/%)

260

270

275

This research was supported by Kumoh
National Institute of Technology(2022~2023).

Total

91.05
90.37
92.20
Eq. (5)

Total

91.04
88.89
76.60
Eq. (7)

Total

85.71
91.11
70.21
Eq. (9)
Total
92.48
91.11

94.33
Eq. (11)

Total

76.69
88.89
70.21
Eq. (6)

Total

93.98
88.89
76.60
Eqg. (8)

Total

77.44
89.63
70.21
Eq. (10)

Total

92.48
91.11
94.33
Eq. (12)
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