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Abstract

The shortest path problem involves finding a path between two vertices in a graph such that the sum of the
weights of its constituent edges is minimized. This is a fundamental and important problem in graph theory, and it
has been applied for solving numerous problems such as the minimum connected dominating set, minimum-
weight circle-cover, and minimum cardinality Steiner set problems. The single-source shortest path problem
involves finding the shortest paths between a given vertex and all other vertices. The all-pair shortest path problem
involves the determination of the shortest graph distances between every pair of vertices in a given graph. In
general, it is known that efficient sequential or parallel algorithms can be developed by restricting the classes of
graphs. Numerous studies have been conducted on the shortest path problems on several intersection graphs. A
circular trapezoid graph is a proper superclass of trapezoid graphs and circular-arc graphs. In this study, we present

an O(n?) time algorithm to solve the all-pair shortest path problem on circular trapezoid graphs.

Keywords: design and analysis of algorithms, shortest path, intersection graphs, circular trapezoid graphs
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[. INTRODUCTION

The shortest path problem involves finding a path
between two vertices in a graph such that the sum of
the weights of its constituent edges is minimized. This
is a fundamental and important problem in graph
theory, and it has been applied for solving numerous
problems such as the minimum connected dominating
set, minimum-weight circle-cover, and minimum
cardinality Steiner set problems.

The single-source shortest path (SSSP) problem
involves finding the shortest paths between a given
vertex and all other vertices. A well-known solution to
the SSSP problem was discovered by Dijkstra [1]. A
sophisticated implementation can be found in [2]. The
all-pair shortest path (APSP) problem involves the
determination of the shortest graph distances between
every pair of vertices in a given graph. A well-known
algorithm for solving the APSP problem was developed
by Floyd [3], who obtained the result based on a
theorem proposed by Warshall [4]. The all-pair shortest
path query problem does not find all pairs of shortest
paths; instead, it is described as follows: First, a faster
preprocessing algorithm is applied and a data structure
is constructed. Then, a query on the length of the
shortest path between any two vertices can be
answered quite rapidly using the data structure. For
other recent studies related to the shortest path
problems, please refer to [5]-[8].

In general, it is known that efficient sequential or
parallel algorithms can be developed by restricting the
classes of graphs. Numerous studies have been
conducted on the shortest path problems on several
intersection graphs. For example, Hsu et al. developed
an O(n) time algorithm for the SSSP problem on interval
and circular-arc graphs [9]. Ibarra and Zheng
demonstrated an optimal parallel algorithm for the

SSSP problem for permutation graphs. The algorithm

runs in O(log n) time using O(n/log n) processors [10].

Mondal et al. presented an O(n°) time algorithm for the
APSP problem on trapezoid graphs [11]. Barman et al.
presented an efficient algorithm for the next-to-
shortest path problem on trapezoid graphs; the
algorithm runs in O(n°) time [12].

Lin [13] introduced a circular trapezoid graph (CTG),
which is a proper superclass of trapezoid graphs and
circular-arc graphs. They showed that the maximum
weighted independent set can be found in O(n” log log
n) time on a CTG [13]. In this study, we present an O(n®)
time algorithm to solve the APSP problem on a CTG.

The rest of this paper is organized as follows:
Section 2 defines CTGs and models and introduces the
extended circular trapezoid model that is constructed
from a circular trapezoid model. Moreover, we
provide the definitions and notations used in this paper.
Section 3 presents the properties of the shortest path
on a CTG, which are useful for efficiently solving the
APSP problem. Moreover, we describe our algorithm for
solving the APSP problem and its complexity. Section 4
provides the benchmark experimental results. Finally,

Section 5 concludes the paper.

II. DEFINITIONS

A. Circular Trapezoid Model and Graph

We describe a circular trapezoid model (CTM)
before defining a circular trapezoid graph (CTG). A CTM
consists of inner and outer circles, C; and C,, with radii
r, and r,, respectively, where r; < r,. Each circle is
arranged counterclockwise with consecutive integer
values 1, 2,..., 2n, where n is the number of trapezoids.

Consider two arcs, A; and A,, on C; and G, respectively.



Points a and b represent the first points encountered
when traversing arc A; counterclockwise and clockwise,
respectively. Similarly, points ¢ and d represent the first
encountered  when

points traversing arc A,

counterclockwise and clockwise, respectively. A
trapezoid is the region in circles C; and C, that lies
between two non-crossing chords, ac and bd.
Trapezoid CT; is defined by four corner points, [a;, b, ¢,
d]. Without loss of generality, we assume that each
trapezoid contains four cormer points and all corner
points are distinct. Each trapezoid, CT, is numbered in
the ascending order of its corner points, a, i.e., i <jif g;
< a,. The geometric representation described above is
referred to as a CTM. Figure 1 illustrates an example of
a CTM M, with twelve trapezoids.

An example of the use of a CTM is for cities
consisting of cityscapes that spread radially around
facilities such as stations and rotaries. In this case, the
CTM visually represents the relationships among
communities (linkage of transportation networks,
sharing of infrastructure facilities, etc.) and is applied to
the optimization of city planning and facility
arrangement. Table 1 shows the details of M as
depicted in Figure 1.

Consider a fictitious line, p, that connects the points
placed between 1 and 2n of C; and C,. A trapezoid that
intersects p is referred to as a feedback trapezoid. In
Figure 1, CT, and CTs are feedback trapezoids. If a
fictitious line, p', that connects a point on C; and a point
on C, does not intersect any trapezoid in the CTM, a
model obtained by opening the CTM along p' is
equivalent to a normal trapezoid model. Then, the
APSP problem can be solved by applying Mondal's
algorithm [11] because it is the same as that of normal
trapezoid graphs. We assume that any fictitious line, p,
that connects a point on C; and a point on G, intersects

at least one trapezoid.
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Figure 1 Circular trapezoid model M

A graph, G, is a CTG if it can be represented by the
following CTM M: each vertex of the graph corresponds
to a trapezoid, and two vertices are adjacent in G if and
only if their corresponding trapezoids intersect. Figure
2 illustrates the CTG, G, corresponding to the CTM M,

shown in Figure 1.

-

Figure 2 Circular trapezoid graph

Table 1 Detail of the CTM M

¢ |1 2 3 4 5§ 6 T 8 9 10 1 12
gl 2 5 ¢ & B 12 15 16 18 19 23
b |13 4 6 9 10 13 14 21 17 22 20 24
e |2 22 T S5 24 12 R 17 34 I8 Al 19
di |4 2 1B 4 B 15 9% 20096 21 13 23

B. Extended Circular Trapezoid Model
Next, we introduce an extended circular trapezoid

model (ECTM) constructed from the CTM. Let n be the
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number of trapezoids in CTM M. Consider a fictitious
line, p, that connects the points placed between 1 and
2n of C; and C,. First, the CTM is cut along fictitious line
p and C; and G, are expanded into parallel horizontal
lines (referred to as the top and bottom channels).
Hereafter, to prevent confusion, we denote a trapezoid
in the CTM and ECTM by CT; and T,, respectively. The

above process is followed to construct an ECTM from

the CTM. This process can be executed in O(n) time [14].

Figure 3 illustrates the ECTM EM, constructed from the
CTM M, shown in Figure 1. Table 2 shows the details of
EM.

Honma et al. presented a procedure that constructs

EM from M [14].

Lemma 1. [14] An ECTM EM, corresponding to a given
CTM M, is constructed in O(n) time. O
Efficient algorithms have been developed to

address various problems concerning noncircular
intersection graphs (interval, permutation, trapezoid,
etc). However, in general, the problems for circular
intersection graphs tend to be more difficult than those
for noncircular intersection graphs. One of the reasons
for this difficulty is that we cannot uniquely determine
the starting position of an algorithm for circular
intersection graphs owing to the existence of feedback
elements. However, this position can be determined for
noncircular intersection graphs. For several problems,
we can develop the circular versions of existing
algorithms by constructing the extended intersection
models (such as the ECTM) of the problems. We can
uniquely determine the starting position of an
algorithm and partially apply the algorithms of
noncircular versions using these models. For instance,
this method has been utilized to develop efficient
algorithms for the shortest path query problem [9], [15]

and articulation vertex problem [16] in circular-arc

graphs, the maximum clique and chromatic number
problems [17], spanning forest problem [18], and
articulation problem [19] in circular permutation graphs,
and the spanning tree problem [14] and hinge vertex

problem [20] in CTGs.

C. Definitions

We introduce the definitions and notations that are
used in our algorithm. Let G be a CTG corresponding to
CTM M and EM be an ECTM constructed from M.

We define rt(i), rb(i), (t(i), and (b(i) as follows: Here,
the set (including /) of all trapezoids that intersect T in
EM is denoted by NIi].

e (i) = k such that b, = max{ b; | j€ NI/l },
e rb() = k such that d, = max{ d; | je NIil },
e [t(i) = k such that a, = min{ a; | j € NIi] },

e rb() = k such that ¢, = min{ ¢; | j€ N[/ }.

TABLE 2 shows the details of rt(i), rb(i), (t(i), and rb(7),
and the ECTM is illustrated in Figure 3.

Let tp; < tp, be the coordinates on the top channel
and bp, < bp, be the coordinates on the bottom
channel in EM. We define sets Altp,, tp,l, Clbp;, bp,l,
Bltp, tp,], and Dlbp,, bp,] as follows:

o Altpy, tol ={k|tpy<ar<tp,},
e Clbp,, bp,] =1k |bp; <c,<bp,},
o Bltp, tp,]l ={k|tp; < by < tp, },
e Dlbp,, bp,l ={k|bp, <d,<bp,}

r-tree(i) is a tree with root j, and it represents the
shortest path when visiting all vertices from i to the
right on EM. Similarly, -tree(i) is a tree with root /, and
it represents the shortest path when visiting all vertices
from i to the left on EM. dis(i, j) and dis(i, j) are the
distances from root i to vertex j on r-tree(/) and l-tree(/),
respectively.Figures 4 and 5 show the examples of r-
tree(6) and l-tree(6), respectively. In this example, we

have dis(6, 5) = 5 and dis(6, 5) = 3.



=5 =4 =3’ 21 O 3= 2 3 4 5 6 7 8
- a1bibabyac bo a1 az by b 2 asz as

bs

9" 0 IX 12 13 14-15 36 17 18 19 20:21
bs ac a7

TNI Journal of Engineering and Technology
Vol.8 No.1 January - June 2020

22 23 24 25 26 27 28
bio a12 b1z a13 a1g b1z bag - - -

be by as as bs aip ai1 bi1 be

. dgci cgey dy cs da
=5 -4-3-2-10 1. 2 3 4 5 6 T 8

dy ¢3 ¢7d7 dy 11
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diy e de ds dyo

c14 dy3 €17 d1g €13 drqdia ...
22 23 24 25 26 27 28

cg €19 €12 dg

Figure 3 Extended circular trapezoid model £EM

Table 2 Detail of the ECTM EM

i -1 -10 32 -1 0|1 2 3 4 § 6 7 8 9 10 11 12113 14 15 16 23 24
a; 23 22 -8 -6 -5 -1 2 5 7 8 11 12 15 16 18 19 23 ['25 26 29 31 43 47
bi 21 =20 -7 -2 -4 0|3 4 6 9 10 13 14 21 17 22 20 24|27 28 30 33 44 48
[ -22 26 -0 6 -13 5|2 -2 7 5 0 12 8 17 14 18 11 19 126 22 31 29 35 43
di -2 -23 -8 3 -1 -1 | 4 1 10 6 3 15 9 20 16 21 13 23|28 25 34 30 37 47
rt(z) -7 -7 -4 0 -2 218 5 5 5 5 11 7 12 8 12;: 168 ¥4 (0% 12 17T 17 22 24
rb(z) | -11 -1l -4 0 -2 2 1 1 3 3 3 9 6 12 8 12. 100 14|13 13 15 15 22 24
It(z) | -11 -11 6 4 6 4|1 0 3 3 3 6 3 8 6 8 6 8 3 12 15 15 18 20
Ib(7) | -10 -10 -1 -1 -1 4+ 2 0 5 5 2 T 3 5 R S 5 | 11 8 14 12 17 17 23 20

IIl. RESEARCH METHODOLOGY

A. Useful Properties

In this section, we present some useful properties
for constructing an algorithm for computing the
shortest path lengths between the all-pair vertices of
CTG G. We describe a few lemmas that are useful for
constructing the algorithm for the APSP problem in
CTGs.

Lemma 2. r-tree(i) and (-tree(i), 1 < i < n, can be
constructed in O(n°) time using Mondal's algorithm
[11] when the corresponding ECTM is given as an
input. O
Mondal's algorithm [11] can solve the APSP problem
of a normal trapezoid graph in O(n?) time by
constructing shortest path trees. The ECTM s
constructed from the CTM, and it is a geometric figure
model similar to the trapezoid model. We can obtain
r-tree(i) and l-tree(i), 1 < i < n, in O(n?) time by applying

Mondal's algorithm to the ECTM.

Figure 5 Example of |-tree(6)

Lemma 3. For any pair of vertices, i and j, on CTG G,
distance dis(i, j) is obtained from min{ dis i, j), dis(,
y

We assume two nonintersecting trapezoids, CT; and
CT,, on the CTM. There are two paths from CT; to CT;
on the CTM. One follows a trapezoid counterclockwise

from CT; to CT, and the other follows a trapezoid
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clockwise. r-tree(i) and |-tree(/) are the shortest path
trees that can be obtained when moving from CT; to
another trapezoid in the counterclockwise and
clockwise directions, respectively.

Therefore, the shortest path length between
vertices i and j is min{ dis (i, j), dis i, j) }.

Figure 6 shows an example of the shortest path
from vertex 6 to 5 on the CTG. In this example, < 6,
11, 10, 12, 2, 5 > is the shortest counterclockwise path
from vertex 6 on the CTM, and we obtain the length,
dis (6, 5) = 5, from r-tree(6) shown in Figure 4. Similarly,
<6,7,3,5>is the shortest clockwise path from vertex
6 on the CTM, and we obtain the length, dis(6, 5) = 3
from |-tree(6) shown in Figure 5. Therefore, the shortest

path length from 6 to 5 on this CTG is 3.

B. Algorithm APSP-CTG and Its Complexity

In this section, we present the APSP-CTG algorithm
for computing the shortest path lengths between the
all-pair vertices of a CTG, G. In this algorithm, we define

a function for normalization, nor(i), which is expressed

as
i—mn ifi>n,
nor(i) = ¢ i+n ifi <1,
) ifl<ign

for a trapezoid, T, in the ECTM. The value of nor(i) is
the vertex number in the CTG corresponding to the
copy of trapezoid T; in the ECTM. For the example
shown in Figure 3, we have nor(-4)=10 and nor(17)=5.
Now, we concisely describe the outline of our
algorithm  (Algorithm  APSP-CTG) and analyze its

complexity.

Algorithm~APSP-CTG considers a CTM M, as an input.

In Step 1, we construct an ECTM EM, from M using
Honma's algorithm [14] (Figure 2). This step can be

performed in O(n) time. In Step 2, we compute rt(/), rb(i),

(t(i), and (b()), for 1-n < i < 2n, using prefix computation

[21]. This process can execute in O(n) time. Steps 3 and

Algorithm 1: APSP-CTG

Input: Corner points a;, b;, ¢;, d; for each trapezoid in a CTM M.
Output: All-pair shortest path matrix D for the CTG G.

(Step 1) /* Construction of EM from M #/
Construct an ECTM EM from M using Honma’s algorithm [10];

(Step 2) /* Preprocessing */
for 1 <i<ndo
| Compute 7¢(i), 7b(), It(i), and Ib(i) on EM;

(Step 3) /* Construction of r-tree(i) */
Note that N[i] is a set {k | T intersects with 7; on EM} :
for 1 <i<ndo
r-tree(?) = 0 ;
for 1 < j < ndovfj]:=
ofi] := 1" ;
for k € N[i] do
r-tree(z) := r-tree(z) U (2, nor(
L v[nor(k)] := ‘1*;

tp1 = bi. tpa 1= brt(x)
bp1 = di, bp2 := by 3
lt = lb =1 %
while there exists j such as v[j] = ‘0° do
for k € Altpy, tpa], v[nor(k)] = ‘0° do
r-tree(z) := r-tree(i) U (#¢, nor(k)) : /* Add an edge */
L v[nor(k)] := ‘1° ;
for k € Clbp1, bpa], v[nor(
r-tree(z) := r-tree(z) U (ip, nor(
L v[nor(k)] := ‘1¢ ;

tpy »=max{ b; | j € Altp1, tpa]} :

k)) :/* Add an edge */

k)] =0 do
k)) : /* Add an edge */

tpy = max{ b; |J € Clbp1, bpa]} ;
bpj = max{ dj | j € Altp1, tpa]} :
bpy :=max{ d; | j € C[bp1, bp)]} H

tpy = tpo, tpo —max{th tply
bp1 := bpa, bpa := max{bp}, bpy } :
it := k such that by = tpa ;

ip := k such that by, = bpo ;

(Step 4) /* Construction of I-tree(i) */
for 1 <i<ndo
I-tree(z) =0 ;
for 1 < j < ndouvfj]:=0":
o] =1 ;
for k € N[i] do
I-tree(z) := I-tree(z) U (z,nor(k)) : /* Add an edge */
L v[nor(k)] := ‘1*;
tpy 1= At (i)» tp2 i=a; ;
bp1 1= cip(a)> bp2 = ¢4
lt = lb =1 5
while there exists j such as v[j] = ‘0* do
for k € B[tp1,tp2], v[nor(k)] = ‘0‘ do
I-tree(z) := I-tree(z) U (74, nor(k)) : /* Add an edge */
L v[nor(k)] :=*1*;
for k € D[bp1,bpa), v[nor(k)] =
I-tree(z) = I-tree(i) U (ip, nor(k))
L v[nor(k)] :=‘1° ;

tpy :=min{ a; | j € Bltp1,tpa]} :

‘0° do
1 /* Add an edge */

tpy :=min{ a; | j € Dibpy, bpo]} ;
bpy :=min{ ¢; | j € Bltp1.tpa]} :

bpy :=min{ ¢; | j € D[bpy, bpa]} :
tp2 1= tp1, tp1 := min{tp}, lP"}
bpa := bp1, bp1 := min{bp], bp

i; := k such that b, = tp; :

ip := k such that by, = bp1 :

(Step 5) /* Construction of APSP matrix D #/
Note that dis, (7, 7) and dis; (i, 7) are the distances from root i to j on
r-tree(7) and I-tree(i), respectively.
for 1 <i<ndo

for 1 < j<ndo
L L D[ 4] == min{disy(4, 5),dis; (7, 5)} :

4 construct r-tree(/) and |-tree(), for 1 < i < n,
respectively. These steps can be executed in O(n?) time
using Mondal's algorithm [11]. Figures 4 and 5 show the

examples of r-tree(6) and |-tree(6), respectively. Step 5



constructs APSP matrix D. From Lemma 3, the distance,
dis(i, j), is computed using min{ dis(i, j), dis(i, j) }. This
step can be executed in O(n?) time.

Thus, we obtain the following theorem:

Theorem 1. Algorithm APSP-CTG computes the all-pair
shortest path for a CTG in O(n°) time by considering its
CTM M, as an input. O

IV. RESULTS AND DISCUSSION
We actually implemented the program and
performed a benchmark test of the execution speed. In
the APSP problem, we compared our well-known
Floyd-Warshall method with our method. Ten graphs
each with 5,000 and 10,000 nodes were created and
averaged for each processing time. In processing time
benchmarks, graph samples with node sizes of 5,000
and 10,000 are considered adequate. Moreover, in
order to absorb the deviation of the shape of graph and
the number of edges, the average of 10 samples was
calculated.

Table 3 shows the benchmark experimental results.
The time complexty of Floyd-Warshall is O(n’), while
the complexity of our algorithm is O(n?). The
benchmark values show that our algorithm achieves
significant speedup.

Floyd-Warshall Algorithm solves the APSP problem
using dynamic programming. As often practiced in
dynamic programming, the problem is divided into
smaller subproblems which are then solved to obtain
intermediate results to be used in the overall solution.
In the Floyd-Warshall algorithm, it uses the adjacent
matrix of the graph given as input and requires O(n®)
computation time. On the other hand, our algorithm
uses the intersection model as an input and holds the
shortest distance between verticess in a tree structure,
so that the computational

complexity can be

suppressed to O(n?).
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Figure 6 Shortest path from vertex 6 to 5
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Table 3 Benchmark Results

Size Genaral Algorithm = Our Algorithm
5,000 58.91 [sec] 1.44 [sec]
10,000 502.46 [sec] 6.02 [sec]

Processor: Intel Core i7-8700 3.2GHz
Memory: 32GB, Compiler: Borland C++ 5.5.1

V. CONCLUSION

In this study, we proposed Algorithm APSP-CTG,
which operates in O(n’) time to compute the APSP
problem in a CTG. Our algorithm partially uses Mondal's
[11] and Honma's algorithms [14]. The APSP problem is
a fundamental problem that is used to solve numerous
problems in graph theory. For this reason, we believe
that this paper has merits from a theoretical and
algorithmic point of view. Reducing the complexity of
the algorithm and extending the results to other graphs

will be addressed in future work.



TNI Journal of Engineering and Technology
Vol.8 No.1 January - June 2020

ACKNOWLEDGEMENT
We express many thanks to anonymous referees for
their valuable advices on the theory of our attacks and
their helpful editorial comments. This work was
partially supported by JSPS KAKENHI Grant Number

19K11834  and  17K00324, and  Cooperative

Education/Research  Project between  Toyohashi

University of Technology and National Institute of

Technology.

REFERENCES

(1] E. W. Dijkstra, “A note on two problems in connection
with graphs,” Numerische Mathematlk, vol. 1, pp. 269-
271, 1959.

[2] M. L. Fredman and R. E. Tarjan, “Fibonacci heaps and
their uses in improved network optimization algorithms,”
J. ACM, vol. 34, no. 3, pp. 596-615, Jul. 1987.

(3] R. W. Floyd, “Algorithm 97:
Communications of the ACM, vol. 5, no. 6, pp. 344-348,

Shortest  path,”
Jun. 1962.

[4] S. Warshall, “A theorem on boolean matrices,” J. ACM,
vol. 9, no.1, pp. 11-12, Jan. 1962.

(5] Y. Kobayashi and R. Sako, “Two disjoint shortest paths
problem with non-negative edge length,” Operations
Research Letters, vol. 47, no. 1, pp. 66—69, Jan. 2019.

(6] C. Glacet, N. Hanusse, D. Ilcinkas, and C. Johnen,
“Disconnected components detection and rooted
shortest-path tree maintenance in networks,” J. Parallel
and Distributed Computing, vol. 132, pp. 299-309, Oct.
2019.

7 M. Debski, K. J. Szaniawski and Z. Lonc, “Bundling all
shortest paths,” Discrete Applied Mathematics, vol. 277,
pp. 82-91, Apr. 2020.

[8] L. Di Puglia Pugliese, D. Ferone, P. Festa, and F. Guerriero,
“Shortest path tour problem with time windows,”
European Journal of Operational Research, vol. 282, no.
1, pp. 334-344, Apr. 2020.

9] F. R. Hsu, K. Shan, H. S. Chao, and R. C. Lee, “Some
optimal parallel algorithms on interval and circular-arc
graphs,” J. Inf. Sci. Eng., vol. 21, no. 3, pp. 627-642, May
2005.

[10]

[11]

[12]

[17]

[21]

O. H. Ibarra and Q. Zheng, “An optimal shortest path
parallel algorithm for permutation graphs,” J. Parallel
and Distributed Computing, vol. 24, no. 1, pp. 94-99, Jan.
1995.

S. Mondal, M. Pal, and T. K. Pal, “An optimal algorithm
for solving all-pairs shortest paths on trapezoid graphs,”
Int. J. Computational Engineering Science, vol. 3, no. 2,
pp. 103-116, 2002.

S. C. Barman, S. Mondal, and M. Pal, “An efficient
algorithm to find next-to-shortest path on trapezoid
graphs,” Advances in Applied Mathematical Analysis,
vol. 2, no. 2, pp. 97-107, 2007.

W. L. Lin, “Circular and circle trapezoid graphs,” J. Sci.
Eng. Tech., vol. 2, no. 2, pp. 11-17, 2006.

H. Honma, Y. Nakajima, Y. Aoshima, and S. Masuyama, “A
lineartime algorithm for constructing a spanning tree on
circular trapezoid graphs,” IEICE Trans. Fundamentals,
vol. E96-A, no. 6, pp. 1051-1058, Jun. 2013.

D. Chen, D. T. Lee, R. Sridhar, and C. Sekharam, “Solving
the all-pair shortest path query on interval and circular-
arc graphs,” Networks, vol. 31, no. 4, pp. 249-258, 1998.
T. W. Kao and S. J. Horng, “Optimal algorithms for
computing articulation points and some related
problems on a circular-arc graph,” Parallel Computing,
vol. 21, no. 6, pp. 953-969, Jun. 1995.

R. D. Lou and M. Sarrafzadeh, “Circular permutation
graph family with applications,” Discrete Applied
Mathematics, vol. 40, no. 3, pp. 433-457, Dec. 1992.

H. Honma, S. Honma, and S. Masuyama, “An optimal
parallel algorithm for constructing a spanning tree on
circular permutation graphs,” [EICE Transactions on
Information and Systems, vol. E92-D, no. 2, pp. 141-148,
Feb. 2009.

H. Honma, K. Abe, Y. Nakajima, and S. Masuyama, “Linear
time algorithms for finding articulation and hinge vertices
of circular permutation graphs,” IEICE Trans. Inf. & Syst.,
vol. E96-D, no. 3, pp. 419-425, Mar. 2013.

H. Honma, Y. Nakajima, and S. Masuyama, “An algorithm
for hinge vertex problem on circular trapezoid graphs,”
Journal of Information Processing, vol. 25, pp. 945-948,
Dec. 2017.

D. Bera, M. Pal, and T. K. Pal, “An efficient algorithm for
finding all hinge vertices on trapezoid graphs,” Theory of
Computing Systems, vol. 36, no. 1, pp. 17-27, Feb. 2003.



TNI Journal of Engineering and Technology
Vol.8 No.1 January - June 2020

< 1 a 1
N15A72UANAMNTUNIA-AN9YBIEITasaEs1naMsIussuulalasuling

4

WUUBRIUIAAIEATNITAIUANLUUATINAEATARULATORUUAALUAS

s fuana’™ Aufv) Andnsva’

UnangasuSygln arvwnaluladimngsy aorvumeluladlve-guu, njummuniuas, Yssimalne

“WoauguaniIseamnssupeuunes yuewiuazinalulad aorvumaluladlne-guu, nyummwumiuas, Ussimalne
*ginususzanuay 8wa : mathanavin_st@tniac.th

Fudiuadu: 5 wawnau 2563, Suunanuatunile: 13 wgwaau 2563; AUSUUNAIN: 14 WAL 2563

wewnseaulai: 25 dquieu 2563

unAnga

nsUgnitwsheszuulslasluiindanunsamuauiladosine 4 lunsugnldine willdunuiigs uaznisdansssuuiidudeu
dodduszaunisaluazaimg anudunsa-rduansazaefilimnzamihliaseudomesosniisuazdsuaenisgn
smpwnsvesiialy unanuithiauenisauauanaiunsa-mdumsazansuuudnluliRseisnsnaaniaquieiouuy
Faulas Tngnsdauvasisnissidanunquiadodunisléfuilinmmaesguiidiuatu wagdredetoyaangid
Uszaumsaflumsdgnunldeenuuuimunuiuunsinmanirauieie elissuvannsodndulawazdansununsiin
yosuyudld 9nuanIsAasfusTULALLUUI sUsuRUMIMmUALLUY P Ut ssuuiithiausaninsoaiunuaaiyg
\Junsa-sswesansazans uavidanaveanissuniuanaeuenldfiniy dsisannsznuvemyvduaranaududou

Y9INTUNINTIZITFUUAUTIAIMLALANANS Al sR g1z Ay

AaAgy . arsaranesimesiussuulalasluiind nsugniivieszuulelasiulind assnanansaqunaie svuuAIuAx

[ 1
AMULTUNIA-AS



TNI Journal of Engineering and Technology
Vol.8 No.1 January - June 2020

Automated pH Control of Nutrient Solution in Hydroponic System
using Modified Fuzzy Logic Control

Thanavin Mansakul* Kanticha Kittipeerachon 2

" Master of Engineering in Engineering Technology: MET,
Thai-Nichi Institute of Technology: TNI, Bangkok, Thailand

? Computer Engineering Robotics and Technology Research Laboratory: CERT
Thai-Nichi Institute of Technology: TNI, Bangkok, Thailand

*Corresponding Author. E-mail address: ma.thanavin_st@tni.ac.th

Received: 5 May 2020; Revised: 13 May 2020; Accepted: 14 May 2020
Published online: 25 June 2020

Abstract

A hydroponic system can control many factors significantly, such as the amount of water and fertilizer. However,
the system is a high investment and requires some skills to operate. The unsuitable quantity of pH can cause root
damage from acidity and inadequate nutrient uptake. This paper presents the pH control in a nutrient solution
using modified fuzzy logic control. The fuzzy logic control is a design based on experienced personal adjustment
data. However, the defuzzification technique is modified to suit the controlled system using the area under an
appropriately designed graph. From the results obtained from the prototype systems, it was found that the
proposed system can control pH value in nutrient solution and reject disturbance better than the conventional P
control system. Since the system can decide the proper quantity of acid and base automatically, the system can

reduce human workload and reduce complicated procedures for the farmer.

Keywords: Nutrient solution, Hydroponic system, pH, Fuzzy logic control.
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Abstract

Image smoothing is used for a variety of purposes such as removing noise, feeling enhancement, drawing
attention to the object. Since the images have different details, they require an appropriate blur level for their
contents and applications. Therefore, this research studies and develops automatic blurring method to increase
depth impression of image. The blur levels are divided into large blur (very shallow depth of field) and small blur
(preserve image structure). The method applies image quality assessment of structural similarity index (SSIM) to
measure blur level between images. Only the SSIM values of image detail which affects the blur perception of
human are used to compare with the values of appropriate blur levels from preliminary experiment of 100 images.
The technique isolates the detail of image in SSIM map by using Otsu’s thresholding method. With the proposed
approach, blurred images of both levels can be automatically created to enhance the focus to the key subject of
image. The evaluation result from photography expert reveals that the proposed method can assist well in creating

dimension of image, time saving of image editing especially for those who are not skilled in art.

Keywords: Automatic Image Blurring, Structural Similarity Index, Image Detail, Depth of Image
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Abstract

Many people love to capture and view children pictures to catch their cute moments. The smile and innocence
of children’s faces are very impressive. Therefore, this paper proposes an alternative method to create charcoal
drawing style and color effect for children face images. The method applies the structural similarity index (SSIM)
of image quality assessment to generate rich black tones automatically. The image is blurred with Gaussian filter
to the appropriate level and compared with the original image to obtain the local SSIM values. The blurred level
and the weight of neighborhood pixels for estimating local statistics in SSIM quality assessment is controlled by
the threshold of the average SSIM value of image detail acquired from the preliminary experiment. The color effect
is based on SSIM values and the knowledge of color image scale. The results reveal that the sophisticated intensity

of lightness from SSIM map has the power to convey this expressive drawing style emotionally and naturally.

Keywords: Charcoal Drawing, Color Effect, Children Face Images, Structural Similarity Index, Color Image Scale
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[. INTRODUCTION

Charcoal drawing is one of the amazing arts as it
provides a profound and in-depth look to an image.
The artists usually use vine charcoal and compressed
charcoal with drawing techniques to create rich lines
and shading for realistic and attractive work. The
softness of charcoal drawing edge emphasizes on mass
and movement rather than solid and linear precision.
The artists can focus on large shapes and general
contours and express more without getting stuck in
details. Various art techniques and sketching
experiences or skills are required to achieve the
professional charcoal drawing. There have been several
researches and tools that are available to assist in
creating digital imitation of charcoal drawing. Some
methods introduce the transformation of photo into
pencil drawing first [1]-[3]. The photo can be adjusted
manually or transformed automatically to charcoal
drawing with realistic charcoal Photoshop action [4]-[5]
or charcoal filter [6]. The thickness of the line and the
line density or the degree of detail can be controlled
to the desirable level. These methods facilitate in
producing charcoal drawing with some manual tasks
such as reducing noise, selecting subject, adjusting
details and brush strokes. The results sometimes tend
to be like graphical images. Previous researches have
investigated in applying saliency maps for portrait
sketching [7] and local image measurements of
brightness, color and texture cues for detecting natural
image boundaries [8]. These approaches can improve
the drawing style and local boundary detection.
However, they cannot fully generate charcoal drawing
without additional effort. Current interesting apps are
“my sketch” [9], “photo to sketch” [10] and “sketch
master” [11] which completely convert photos into
drawing sketches. The success depends on the content

of image and tends to be lower for low image detail or

image with weak texture. The natural of drawing style,

28

i.e., not too photorealistic and not too artifactual,
requires more improved. Therefore, we develop an
alternative method to automatically create better
charcoal drawing and color effect by introducing the
structural similarity of image detail. The proposed
method is self-generated charcoal drawing and
colorizes by applying the color image scale to the
structural similarity index (SSIM) information. Generally,
the structural similarity index is used for image quality
assessment by measuring the similarity between two
images [12]. It has been used in a variety of fields,
particularly in radiological medical images [13] and
neural networks for image classification and super-
resolution imaging [14]. This paper has extended the
application of SSIM to an aesthetic aspect for children
face images. Although the proposed method is not
limited to the children face images, their cuteness to
stimulate widely use of applications lead us to focus
on children faces for practical applications. The natural
charcoal drawing and color effect of children faces
would contribute to an impressive design in versatile

purpose such as T-shirt, tote and grocery bag for more

enjoyable and enthusiastic use.

II. RESEARCH METHODOLOGY

We propose the method to automatically transform
the image into charcoal drawing by using the structural
similarity index (SSIM) [15]. The overview of the
proposed method is illustrated in Figure 1. First, the
original RGB image is smoothed with 2-D Gaussian filter.
The Gaussian kernel coefficients are sampled from the
2-D Gaussian function described in (1). The initial
standard deviation of 1 is used because the image

begins to be perceived in blurriness for proceeding to

the process of structural similarity measurement.

x%+y?
202

Cry)=5—e

2o’



Where x is the distance from the origin in the
horizontal axis, y is the distance from the origin in the
vertical axis, and & (sigma) is the standard deviation of
the Gaussian distribution. The filtered image or blurred
image is achieved by convolving the 2-D Gaussian
distribution function with the original RGB image in
spatial domain. The filter size is 4g+1. Then, the original
image and blurred image are converted into grayscale
by eliminating the hue and saturation information while
retaining the luminance. The formula used to convert

RGB values to grayscale values is described in (2).

Grayscale = 0.2989R + 0.5870G + 0.1140B  (2)

Where R, G, B are the intensities of red, green and blue

components, respectively.

RGB Image

l—

Gaussian Filter

l Blurred Image

Grayscale
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. Grayscalepyy,_,
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Figure 1 The overview of automatic charcoal drawing

generation.
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The outputs of this process are the grayscale of original
image (Grayscale,,y), the grayscale of blurred image
at 0 =1 (Grayscaleyy,, _ ), and the grayscale of
blurred image at any o (Grayscalepy,,, ). Next, we
measure the similarity between original image and
blurred image by computing the local structural
similarity index (SSIM) values of Grayscaley,,,
compared to Grayscale,,q. This quality assessment is
based on the computation of multiplicative
combination of luminance, contrast and structure and

can be simplified as (3) [16].

(2uppo+C1)(20p0+C2)
(#12;+ll(27+C1)(0'§+0'g+C2)

SSIM(b,0) = (3)
Where uy,, ty, 0p, 04, and oy, are the local means,
standard deviations, and cross-covariance for images b
(blurred image), o (original image). The standard
deviation (R) of isotropic Gaussian function is initially set
to 1.5 as the image begins to reduce in line sharpness.
This is because the natural charcoal drawing prefers
gray gradient to solid and sharp sketch. The value of R
is used to weight the neighborhood pixels around a
pixel for estimating local statistics. The value of C; is
equal to (0.01L)Y and the value of C, is equal to
(0.03L), where L is the dynamic range of the input
image. The greater the value of SSIM is, the more similar
the two images are. The value will become 1 when the
two images are identical.

Subsequently, we segment the image detail by
using global threshold from Otsu's method [17], [18] to
the local SSIM values. The method finds the optimal
threshold by exhaustive searching for the threshold
that minimizes the intra-class intensity variance or,
equivalently, maximizes the inter-class variance for fast
calculation. The SSIM value of image detail called
SSIM, can be then extracted by averaging the local
SSIM values of the image detail part. From the

preliminary experiment, the most suitable SSIM value
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of image detail for charcoal drawing (SSIMg,) is
approximated to 0.3 with the maximum standard
deviation of the Gaussian distribution (G;qy) Of 30.
The value of Ris limited to 8 (R,,,=8) for the best result
of large image size. The initial value of R will be
increased with step of 0.5 only when width or height of
image (WH) is greater than 3,000 pixels (WH,=3000).
The process continues increasing the value of o by
step of 1 in image smoothing to decrease the value of
SSIMg untilit reaches or nears 0.3 (SSIMg_, ). Then, we
get g, and SSIM map generation will be enabled and
collects the data of Grayscaleblurazach ,
Grayscalepy,,_, , R and local SSIM values for
generating two SSIM maps, ie., SSIMMap., and
SSIMMapgg;. The charcoal drawing is the SSIM map
called SSIMMap,;,, which is the local SSIM values of
GTaySCCllebzur,,=,,ch compared with Grayscalepp,,,_,
using the current R value. The use of small blurred
image (Grayscalepy,,,_,) is to reduce noise on
smooth area such as facial skin.

For color effect, we divide into black background
and light color background. SSIMMapggg, which is the
current local SSIM values, is used for black backeround.
This is because dark tone background usually requires
more detail for color drawing expression. In light color
background, we apply the value of SSIMMap,,
directly. The SSIM maps for color effect in light color

background and black background are summarized in

(4) and (5), respectively.

SSIMMap,, = SSIM (Grayscaleblurg:%, Grayscaleblur”:l) (4)

SSIMMapgg; = SSIM (Grayscaleblur”:%h,Grayscaleorg) (5)

In the case that o reaches its maximum value of 30 and
SSIM is still greater than SSIMg_,, the algorithm will
check for the size of image. If image width and height

are not greater than 3,000 pixels (WHy,), SSIM map
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generation will be enabled. But if image width or height
is greater than 3,000 pixels, the value of R will be
increased with step of 0.5 to reduce the sharpness of
drawing in high resolution image until the value of
SSIMq reaches or nears SSIMg_, . SSIM map generation
will be then enabled. However, if the increased R
reaches its maximum limit of 8, SSIM map generation
will be also enabled.

Once we get two SSIM maps, we can apply the color
image scale [19]-[22] which matches basic colors and
color combinations to key image words to create the
emotion throughout the colors. Figure 2 shows the
color image chart [21] which organizes the color groups
and image words according to warm-cool and soft-hard
axes. The chart consists of 23 emotional groups and
160 key image words. Each emotional group has several
key image words and each key image word has
approximately 16 color combinations. Twenty-three
emotional groups, e.g., pretty, romantic, dynamic,
modern, classic, formal, are described in Figure 2. For
example, emotional group of pretty has 6 key image
words, i.e., pretty, endearing, childish, lovely, sweet and
cute. Each of these key image words has its own color
combinations and might have some colors in common.
Figure 3 shows the example of 16 color combinations
for key image word of cute. There are 4 key image
words or emotions which are demonstrated as the
examples in this research, i.e., two for black background
and other two for light color background. The first two
emotions of black background are daring and intense
feelings. We use the color combinations of these key
image words to produce the color effect. For daring
image, SSIMMapgg creates the shade of pink tone by
(6) - (8). In intense feeling, we calculate the output

image by using (9) - (11).
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Figure 2 Color image chart.

Figure 3 Color combination for key image word of cute.

Daring image

R = 209 — SSIMMapggq (6)
G =107 — (2 x SSIMMapgg;) (7)
B = 144 — SSIMMapggg (8)

Intense image
R = 255 — (3 X SSIMMapgg.) 9)
G=0 (10)
B = 255 — SSIMMapgg. (11)

Where R, G, and B are the red, green, and blue
channels of output image, respectively.

The other two emotions of light color background
are classic and stylish feelings. In this case, we reverse
the value of SSIMMap., and subtract it from the

setting background color shown in (12) - (13). The
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calculation for each color channel can be described in

(14) - (15).
[Rbc Gpe BbC]classic = [24'0 246 218] (12)
[Roc  Gbe  Bpclseyiisn = [209 201 223]  (13)

Where Ry, Gp., and By, are the setting background

color in red, green, and blue channels, respectively.

R = Ry, — (1 — SSIMMap_.;) (14)
G = Gp. — (1 — SSIMMap.) (15)
B = By, — (1 — SSIMMap,) (16)
Where R, G, and B are the red, green, and blue

channels of output image, respectively.

With the proposed method, it is possible to create
natural charcoal drawings of children faces and color
effects of daring, intense, classic and stylish images
automatically.

For the evaluation, we select the conventional tools
that can generate charcoal drawings by one or few
clicks and compare the results with the proposed
method. These tools consist of apps, website and
software which are My sketch, Photo to sketch, Sketch
master, Photoshop filter and Photo funny. Ten images
are tested and the respondents will be asked to select
the best charcoal drawing from 6 tools with the reason

by using online questionnaire.

lll. RESULTS AND DISCUSSION
We did the experiment to verify the proposed
method with 80 children face pictures of various sizes.
Due to the copyright of image, only some results can
be shown. Figure 4 shows the original images and
charcoal drawings which consist of high, medium, and
low details. The pixel resolution of each picture is

illustrated in Table 1.
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Original image: My Good Images/Shutterstock.com

kid1.jpg (high detail)

A \ :
Original image: Anna Om/Shutterstock.com Charcoal drawing

kid2.jpg (medium detail)

f

Rl sS\a/ /N
SN (' . _ : P k- \x/ ’\ . -
Original image: Kiselev Andrey Valerevich/Shutterstock.com Charcoal drawing

kid3.jpg (low detail)

Figure 4 Example results of charcoal drawings.
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Table 1 The pixel resolution of images in Figure 4

Image name Dimensions (width x height)
kid1.jpg 1300 x 876
kid2.jpg 1300 x 1300
kid3.jpg 1300 x 868

We can see that the algorithm will automatically adjust
for any image details and image sizes to reach or near
the average SSIM value of image detail for charcoal
drawing (SSIMdch) . The results show the natural
charcoal drawing, particularly in eye part. Rich shading
of grayscale makes the image an interesting and
attractive look.

Figure 5 shows the comparison result between 5
conventional tools and the proposed method from 35
respondents. The numbers of respondents who select
the image result of each tool for each image as the best
charcoal drawing are described. The image results of
the proposed method are most selected as the best
charcoal drawing which is about 70% of tested images.
The second rank is the image results of “My sketch”
app which is selected about 50% of tested image. For
other tools, they are selected as the best charcoal
drawing about 0-20% of tested image. The results are
summarized in Table 2. In some images, the most
selected results of drawing tools are equal so 2-3 tools
are considered to produce the best charcoal drawing in
these images. The reasons that the respondents select
the charcoal drawing of the proposed method are
proper line gradation, appropriate image detail,
impression of charcoal drawing style. Figure 6 shows
the example result of each tool for tested image
number 7 which the proposed method gives the
highest number of selected respondents. The proposed
method performs quite well in low texture image
because of the delicate gray gradation of apparent

detail. Figure 7 shows the example results for tested

image number 4 which the proposed method is ranked
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third among others. From our discussion with the
respondents, it might be because some respondents
prefer sharp line as their favorites. When the image
detail is high as in the tested image number 4, the line
sharpness effects more to the personal preference. In
this case, the other tools can make more impressed for
them. However, an art expert suggests that the natural
charcoal drawing should not be artifactual or the line is
not too sharp. Therefore, our algorithm tries to preserve

the natural line gradation.

—_ [ 393
W (=) W

S

Number of Responsdents

5||I|||‘ h”“l‘ “H\‘ll‘
A AR E
1 2 3 4 5 6 7 8 9 10

Image No.

B Photo to Sketch
B Photoshop Filter
B Proposed Method

m My Sketch
Sketch Master
H Photofunny

Figure 5 The comparison result of the numbers of respondents
who select the image result of each tool as the best charcoal

drawing.

Table 2 The percentage of tested images for each tool that the

image result is selected as the best charcoal drawing

Selected Image Result as the Best
Tool
Charcoal Drawing in Percentage

My Sketch 50%
Photo to Sketch 10%
Sketch Master 0%
Photoshop Filter 0%
Photofunny 20%
Proposed Method 70%




TNI Journal of Engineering and Technology
Vol.8 No.1 January - June 2020

black background, SSIMMapggs, which is the local

e & SSIM values of Grayscaleblwazah compared to

My Sketch Photo to Sketch

[ S
& &

,\ \ F

»

Sketch Maséer Photoshop Filter
\ &
; / » -’ ﬁ )
e J
Photofunny Proposed Method
Figure 6 The image result of each tool for tested image no. 7. Daring emotion

= i34 NN
< i é -33%3 aas

Photoshop Filter

Intense emotion

= Figure 8 Example results for color effect of black background of

AT s ] 90 0
Photo funny Proposed Method kid2.jpg.

Figure 7 The image result of each tool for tested image no. 4. Grayscaleyg, is selected. This is because it can
produce more sophisticated detail which is good for

The example results for color effect of daring and appealing exhibit on dark tone background. Black and

intense feelings are shown in Figure 8. In the case of ~ pink shade colors are used to present daring
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expression. The pink shades appear in relative to the
image detail. For intense emotion, black and two tones
of blue and purple are used. The shading between two
color tones is naturally proportional to the image
detail. From the comments of an art expert to the color
effect of black background, the color appearances are
definitely transferred into the detail of image so the
color tone and its gradation extremely touch the
feeling of viewer. However, an art expert also suggests
that the algorithm should adaptively keep the main
outline of subject in image that might be sometimes

difficult to see on the black background.

-
Stylish emotion

Figure 9 Example results for color effect of light color

background.
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Table 3 The pixel resolution of images in Figure 9

Image name Dimensions (width x height)
kidd.jpg 3077 x 3077
kid5.jpg 5900 x 3938

The example results of light color background are
shown in Figure 9. In Figure 9, we try some images of
Figure 4 with larger size described in Table 3. Because
of the light color, the image is sensitive to noise or
undesired detail. Therefore, the SSIMMap,, which is
the local SSIM values of Grayscaleblurazach compared
to Grayscalepp,,,_, , is used and changes the
background to the selected color. The use of small blur
(g=1) instead of original grayscale helps in reducing
noise on the smooth area. In this case, from the color
image scale in [19]-[21], the light green background is
used for classic feeling and the light purple background
is used for stylish feeling. The applying of SSIM map
makes a smooth transition between charcoal drawing
and light color background. For light color background,
an art expert comments that the gray shading can be
easily and comfortably seen. Therefore, additional
adaptive algorithm might not be required in this case.

The results of charcoal drawing and color effect
shown in Figure 4, 8, and 9 can be viewed at
http://tiny.cc/c5e3lz. It is recommended to view the
picture in full image size for the best perception. From
the experimental results, we also recommend to use
the good quality of lightness of input image with at
least 800 pixels of minimum image size for the good
result. Front light, which evenly illuminates the subject
from behind the camera or from the camera itself with
no or little shadow, are most suggested. According to
the results of four emotions, the user can further apply
the concept of using SSIM map to other colors or color
combinations or more creative color effects. Figure 10
shows some practical applications of the proposed

charcoal drawing and color effect on T-shirt and grocery
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bag. However, any originative ideas are welcome to
broaden the practical use and experience of these

impressive charcoal drawings.

“\ A

T-shirt

Figure 10 Examples of practical applications for the proposed

charcoal drawing and color effect.

IV. CONCLUSION

This paper proposes a photograph based charcoal
drawing method and color effect for children face
images. The method is based on local structural
similarity index (SSIM) values of blurred image at
charcoal drawing level compared with small blurred
image or original image. The SSIM map presents which
elements of the image carry high detail and reflects in
delicate gradation from black to gray to white for visual
attention. The charcoal drawings are produced
automatically and naturally without any required skill

or artistic knowledge. For color effect, the picture is
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filled with black background and color shading lines or
using the selected light color background. Rich tonal
values of SSIM map convey sort of intensity to explore
smooth and delicate expression. The applying of SSIM
map with color image scale can produce emotional
color effect impressively with minimal colors and it
could be further developed for more creative and
appreciative designs and applications. The fine adaptive
algorithm to SSIM map is our future challenge to
enhance the color appearance of charcoal drawing on
dark tone background. Moreover, landscape, cityscape,
fine-art photography and close-up shot are very
interesting to apply with our method in the future to
fulfill the creative vision and expression for video

production, multimedia and printing media.
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Abstract

Humans require different food amounts and nutrition depended on age, gender and health. Amount of food
intake can create health problems especially for infants, elderly or diabetics. Tradition nutrition booklet is not
suitable for most people since it is hard to understand. Thai-foods are hard to extract the nutrition and most of
the Thai dishes are not in the book since it focused on Western dishes. This research focused on development on
a full stack Al system that categorizes Thai-food dishes, classifies and localizes the ingredients in each dish and
estimate nutrition and calories. Multi-Convolutional Neural Networks (CNNs) are used to achieve these categorize,
classify and localize tasks. The designed system is separated into Al backend and Mobile application frontend
based on OpenCV in an Android smartphone. MobileNet is used as a food categorizer while You-Only-Look-Once
(YOLO) network works as the ingredient’s classifier and localizer. Then, ingredients in the pictures are cropped and
passed through traditional image processing algorithm with predetermined parameters to calculate and
transformed pixel into real-dimension area referenced by Thai coins. Pixel area of non-uniform shape ingredients
are segmented and the nutrition and calories can be estimated via a standard reference lookup table. Full stack
system is developed in this research based on RESTful protocol with JSON format that used to communicate
between a smartphone and Al server. The designed CNNs and full stack system are trained, tested, verified and
deployed then the food image captured from a smartphone application can be used to estimated nutrition and

calories. Finally, useful information is display on a smartphone screen.

Keywords: Convolutional Neural Networks, YOLO, image processing, full stack, RESTful.
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[. INTRODUCTION

Human health is directly related to the food that
they consume. The phrase “You Are What You Ate”
reflexes the importance of food to human lives. In this
present day, Thai people suffer from overweight and
diseases caused by food consumption such as arthritis,
diabetes, and heart disease. It easily happens to
humans who ate too much food or bad ingredients.
This situation will lead to economic problems because
the demand for medical care will increase. Therefore,
the food nutrition information is always important in
order to make human has a good health and prevent
diseases especially for elderly who need to focus on
the calories and the diversity of nutrients in each meal.
According to Wardle, Parmenter and Waller [1], the
relationship between nutrition knowledge and food
intake had been investigated from 750 men and 750
women. The result of this research shows that people
who have more knowledge in nutrition, they tend to
have 25 times better-eating behavior on a healthy diet
than others who have low knowledge. The easy way to
educate people about nutrition knowledge is by using
the foods they ate every day as examples. This
approach is also can be applied to Thai people
especially for the young generation since they are more
concerned about the healthy diet than the previous
generation [2]. The normal way to estimate nutrition in
each food dish is by looking from a nutrition guild
booklet or asking the nutritionists. Nutrition guild
booklet is the simplest way to estimate nutrition but it
is not easy to read, understand and calculate and not
all Thai food dishes were included in the booklet.
Nutritionists can provide information about food
nutrition and correct amount intake for every age but
patients cannot give precise information about their
meals to nutritionists thus the estimation is not correct.
Moreover, most people believe that going to talk with

nutritionists is a waste of time. Thanks to the
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development of the image processing techniques and

Convolutional Neural Networks (CNNs), the food
categories and ingredients nutrition and calories can be
determined.

The aim of this research is to develop an easy way
for people to get information about nutrition and
calories in Thai fast food dishes. The food
categorization and nutrition estimation system are
developed to extract food information from Thai fast
food dish images such as Krapaw rice, Thai omelet rice
and Kuey-teow or Thai noodle soup. In this research, a
full stack Al system is developed and separated into
two parts which are an Al server worked as a backend
and application (App) in a mobile phone worked as a
frontend. These parts exchange their information using
RESTFul protocol. First, food image is taken by a mobile
phone App based on OpenCV library and sent that
image to Al server. Food picture is received by Al server
and fed into a MobileNet Convolutional Neural
Networks (CNNs) to categorize the food dishes without
extract any nutrition. Then, the food image is fed to the
second CNNs to extract the ingredients classes and
locations by using the specific YOLO CNNs network
corresponding to the food categories obtained from the
MobileNet. Finally, useful food information is
calculated by using image processing approaches. CNNs
are easily to be implemented to the variety of
hardware because of its flexibility. It can also achieve
good performance for pattern recognition and
localization application. New food categories networks
can simply be added into the existing networks without
alter the whole networks structure because they are
independent. Finally, the Al server sends result and
estimated nutrition and calories to display on the

mobile phone screen.
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. CONVOLUTIONAL NEURAL NETWORKS

Convolutional Neural Networks (CNNs) is a popular
tool for modern image recognition application since it
is easy to be used by assigning an input image data set
with output set to CNNs network and let it learns until
the error is small enough. This approach achieves by
using deep-learning techniques. The problem of
patterns, objects or faces recognition can be solved by
using CNNs. There are success network developed in
the past few years such as GoogleNet [3], Inception
V3[4] and AlexNet[5]. MobileNets, the CNNs that select
in this research as the food categorize network, is one
of the most popular networks developed by Google
that used in many researches because this network can
be implemented into mobile applications [3] easily
without consumes a large amount of calculation power
and resources. Unlike other networks, the image
classification using MobileNets is fast and the network
weights variables are smaller than others which is
suitable for limited resources system such as a server
without any Graphic Processing Unit (GPU). MobileNets
have a fast classification performance and have a small
network size, but with a trade-off on its advantages, the
accuracy of this network is less than other networks.
The main difference between the MobileNet
architecture and other traditional CNNs is instead of a
single 3x3 convolutional layer followed by the batch
norm and RelLU activation function, MobileNets split
the convolution into a 3x3 depth-wise convolution and
a 1x1 point-wise convolution yield a better calculation
speed. MobileNets is run based on TensorFlow [6].
TensorFlow is an open-source library released by
Google to build and design deep learning models.
Although MobileNets doesn’t provide the highest
accuracy but it is good enough to categorize the food
dishes in order to be used to select suitable

correspondence ingredients extractor networks in the

second layer CNNs in this multi-CNNs structure. There
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are six food categories focused on this research which
are Krapaw rice, Mooping (Thai grilled pork on a stick),
Thai stewed pork rice, Chicken rice, Roast duck noodle
and Kuey-teow because these foods are the most
popular fast food dishes consumed by Thai people.

Example of Thai foods are shown in Figure 1.

Figure 1 Popular Thai food dishes

Second Convolutional Neural Networks used in the
second layer of multi-CNNs structure is the You Only
Look Once or YOLO [7] networks. This network is used
as the ingredients extractor and localizer which is used
to extract ingredients specifically to the food category
obtained from the food categorizer network in the first
layer with ingredient localization. YOLO network is very
similar to region proposal classification networks or
RCNNs which perform detection on various region
proposals and also performing prediction multiple
times for various regions in an image in order to perform
location and classification on an image. YOLO uses a
single CNN network for both classification and localizing
the object using bounding boxes therefore YOLO is
faster than other RCNNs or Fast-RCNNSs. In this research,
YOLO v3 tiny network is used because it is light weight,
fast calculation and easy to be taught in a short period
of time. YOLO v3 tiny network architecture [8] is a
combination of 24 layers consisted of convolution, max
pooling, full-connected, up-sample and decision layers.

This network is considered as a shallow network



because it has only around 3 million parameters. YOLO
is originally implemented in C language using Darknet
platform. Thus, in this research, YOLO will be wrapped
by Python language using CDLL library in order to make
it easier to be combined with the server program which
based on python language. There are many YOLO
networks used in this research because ingredients in
each type of Thai food dish are differences and the
network must distinguish those ingredients separately.
Moreover, YOLO networks are required for each
category since many ingredients in Thai food dishes
share the same properties such as shape and size but
different in nutrition and calories for example a hard-
boiled egg in Kuey-teow, chicken rice, and stewed pork
rice. Thus, one YOLO network must be used for one
food category. Thanks to this approach, the network
can be shrunk into a small network for one dish and
the designed structure is easy to add new food dish
categories into the network without altering existing
structure since all YOLO networks are independent. For
example, the YOLO network for Kuey-teow will focus
on determine the location and size of the porkball and
shrimpball as shown in Figure 2 while YOLO network for
stewed pork rice will focus on stewed pork and hard-

boiled egsg.

Figure 2 Pork and shrimp ball from Kuey-teow network
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The overall multi-CNNs structure in this research is
displayed in Figure 3. The focused ingredients for each
dish are displayed in Table 1. The total classes of
ingredients for each Thai food dish are differences after
food categories and ingredients are recognized,
localized and classified by using CNNs via MobileNet
CNNs and YOLO CNNs, then, the ingredients are
cropped and passed through series of image processing
algorithms in order to determine areas of the interested
ingredients for estimating calories and nutrition. For
example, a stewed pork rice bowl has two main
ingredients which are stewed pork and vegetable. The
shapeless ingredient can be segmented from the food
dish image by using 4 image processing steps. First, the
food image is blurred using a box blur filter. Then, the

food image’s color space is transformed from RGB into

HSV color space.

Table 1 Food Ingredients for each Thai dish

Ingredients
Food Dish
details classes

Krapaw rice Basil Pork, Fried Egg 2
Mooping Pork 1
Roast Duck Wonton, Grilled Duck,
noodle soup Crispy pork ’
Stewed pork rice | Thai strews pork, Boiled Egg 2
Chicken rice Boiled chicken, Fried

chicken, Boiled Pork Blood, q

Boiled Pork Liver
Kuey-teow Shrimp ball, Pork ball, Fish

ball, Boiled pork blood,

Fried tofu, Wonton fish, !

Chinese roll fish
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MobileNet

Output is the

Food Categories

Output is ingredients belongs to each food
Image Processing Techniques
Nutrition

Yolo Kuey-teow

Figure 3 Overall multi-CNNs structure

Finally, dilation and erosion techniques are used to
filter noise and get a better segmented result. In the
stewed pork rice case, the vegetable and stewed pork
can be segmented out from the food image. The
predetermined color segmentation parameters are
specifically defined for particular ingredients from
specific Thai dish which are selected correctly based on
corresponding YOLO networks for each Thai dish
category. The output from the segmented process is
shown in Figure 4. In order to transform the pixel area
into the real dimension area, the ground truth must be
provided. In this research, Thai coins are selected as the
standard ground truth because it has a fixed size and it
is easy to find and detect. Moreover, most people carry
coins around while they order food. YOLO network
detects 1, 5 and 10 baths coins. The coins detection

result is shown in Figure 5.
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Figure 4 Stewed pork rice dish (top) and segmented ingredients

(bottom)



Figure 5 Coin detection using YOLO CNNs network

Thai coins are found and categorized but the area
of the coin is in the unit of pixel and it is required to
transform into the area in matric unit. Normally, coins
in the picture are not perpendicular to the camera then
they have eclipse shapes. Therefore, it will be simply
transformed into a circular shape by using projection
relation as shown in Figure 6. The radius of the circular
coin can be estimated by determining the half of the
longest line between the left and right points of the
eclipse coin image as shown in Figure 7. Finally, the
area in pixel square unit can simply calculate by
A=7r® then compared with real coin dimension in
meter square unit to obtain ration value for translate

pixel area to matric area unit.

Figure 6 Relationship between circular and eclipse coin shape
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Il FULL STACK SYSTEM

This topic explains a designed full stack system for
the food categories and calories estimation system
based on RESTful protocol. The designed system is
separated into frontend and backend parts. App in
mobile phone works as the frontend that has a duty to
capture food image with Thai coin via smartphone
camera and sent it via the intermet to Al server and
display the result from Al server for users. Backend is
an Al server that receives food images from frontend
and process image using Multi-CNNs structures and
image processing in order to obtain ingredients and
calories of the interested food image. The small phone
that is used in this research is Samsung A9 with the
Android operating system. The App is developed by
using Android studio with OpenCV library.

0

100

200

300

400

200

400

Figure 7 Diameter of eclipse coin shape

Al server consists of an i-5 CPU gen 4, 8 GBytes of
DDR4 ram, 1 Thytes of HDD and GT1030 with 2 GBytes
of DDR5 ram graphic card. Server runs on Ubuntu 16.04
LTS environment with cuDNN 7.5 and CUDA 9.0
libraries. Flask is used to generate RESTful server and
written in Python language. Mobile Application (App) in
smartphone communicates with an Al server using
JavaScript Object Notation or JSON which

is a

lightweight data-interchange format. Food image is
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capture and coded into raw format in order to be
packed into JSON image package since JSON is not
support the RGB image format. POST method is used to
transfer JSON image package to the Al server. Al server
gets the JSON image package and unpack into the
original RGB image format. The food image is now ready

to be processed by CNNs and image processing

Send to Al
POST Method

Food info

via JSON /

Stewed Pork

457 kCal
Fat17.1 g |
Protein 20.1 g

—/

0,

Display

~

7
/

IaobileMet

Output is the
== Food Categories

algorithms. Thai coins are localized, categorized,
separated and selected in order to transform into real
dimension by calculation. Then, calories and nutrition
can be estimated using a lookup table from
nutritionists. Finally, the result is sent back to App in

smartphone. The system flow is shown in Figure 8.

Unpack JSON Image

Calculate calories

& nutrition

v

N\

h\ /——\

_CNNs & Image’Processih

-

ing

Nutrition

Iryg € Proces:

Output is ingredients belongs to each food
A/Pr essing Technique:

Figure 8 Flow of the designed full stack Al system
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Figure 9 Example of prepared training data set

IV. RESULTS AND DISCUSSION

The food pictures were prepared for both food
categorization and ingredients localization in the
experiments. Food images are gathered from the
internet and also taken by researchers. Five hundred
pictures of each Thai fast food dish were prepared as a
training data set for MobileNet network without labeling
as shown in Figure 9. MobileNet learns on these food
pictures and adapted its weights in every layer by using
a back-propagation algorithm on the desired loss
function. Then the trained network is validated by test
images. The error of MobileNet happens when the
network predicts the wrong food category.

Food images data set are trained for 10,000
iterations for MobileNet CNNs in Al server with the help
of GPU from Nvidia graphic card. MobileNet network
requires 5 hours to train on the dataset for food
categorization. Each food dish is tested by 100 test
images and the result is shown in Table 2. The average
output accuracy is around 92.83% which calculated
from the ratio between the number of wrong and total

test images.
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Table 2 Result from MobileNet for each Thai dish

Thai Dish Test Images | Correct | Wrong
Krapaw rice 100 96 4
Mooping 100 99 1
Roast Duck 100 92 8
noodle soup
Stewed pork rice 100 89 11
Chicken rice 100 85 15
Kuey-teow 100 96 4

Next, six YOLO networks are trained separately
according to corresponding food categories. In this step,
interested ingredients of each food pictures are labeled
and converted the labeled bounding boxes into YOLO
boxes format using YOLO labeling software as shown in
Figure 10. Then, each YOLO is trained separately. The
training as done on the server with GPU speed up. Each
YOLO CNNs requires 4 days to learn from the dataset
before the loss function value down to 0.2 and the
multiple ingredients can be identified and localized
with good accuracy. Roast Duck noodle soup and Kuey-
teow dish ingredient classification and localization

results are shown in Figure 11 and Figure 12
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respectively. Each food YOLO trained network is
validated and tested by using 100 test images and the

result shown in Table 3.

Figure 10 YOLO labeling software

Figure 11 Result from a Roast Duck noodle soup YOLO

Figure 12 Result from a Kuey-teow YOLO
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There are three errors in this experiment which are
the wrong food categories (MobileNet), detected with
wrong ingredient (YOLO) and missing ingredients
(YOLO). Therefore, accuracy in Table 3 reflects overall
accuracy since it combined both error from the
designed multi-CNNS  structures (MobileNet and
YOLOs). The average accuracy of the multi-CNNs

structures is 72%. The wrong and missing ingredient

error is shown in Figure 13.

Table 3 Overall result from Multi-CNNS structures

Thai Dish Test Images | Correct | Wrong
Krapaw rice 100 81 19
Mooping 100 80 20
Roast Duck 100 85 15
noodle soup
Stewed pork rice 100 89 11
Chicken rice 100 81 19
Kuey-teow 100 88 12

Figure 13 Wrong output from YOLO networks

After ingredients are identified and localized, each
ingredient is cropped and processed through a series of
image processing techniques with filter and color
thresholding predetermined parameters. Finally, the
non-uniform shape ingredients are extracted from the
rest and the calories and nutrition are estimated. The
example of segmented shapeless ingredients is shown
in Figure 14. Standard Thai coin is used as the real-
world reference standard object size. A coin is identified

and located along with the food dishes by using coin



YOLO. The area of the coin can easily be calculated by
comparing counted coin pixels to the real coin
dimension and create the pixel area to square meter
area ratio. Then, this ratio is used to calculate the areas
of the ingredients. After ingredient areas are estimated,
then, the calories can be estimated. There are several
kinds of nutrition and calorie lookup booklets in
Thailand and most of them give different nutrition and
calorie values for the same Thai food dish. Therefore,
in this research, Nutritive Values of Thai Foods form the
Department of Health Ministry of Public Health is

selected as the main referenced lookup table [9].

Stewed

Figure 14 Stewed pork rice dish segmentation

After CNNs and image processing parameters are
learned and calibrated then they are transferred into
the Al server in order to perform full system
experiments. In this step, Application (App) is deployed
into Samsung Android smartphone and Al server is
setup. The smartphone and Al server are connected by
the same router with the same subnet mark.
Smartphone is used to capture a stewed pork rice along
with 10 bath coin. This food picture is packed into JSON
image format and submitted to the server via RESTful
POST method. Then, Al server unpacks JSON image
format to regular image format and passes to the
MobileNet to food dish.

network categorize

Corresponding YOLO network is used to find and
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localize interested food ingredients. Non-uniform shape
ingredients are processed via image processing with
predetermined parameters for each ingredient in
specific Thai dish. The coin image region is cropped
from the food image and transform into a circular
shape. The relationship between coins pixel area and
the real coins dimension area is found and used to
calculate the of the non-uniform

area shape

ingredients. Next, the nutrition and calories are
estimated via a standard lookup table and all
information is packed into JSON format and sent back
to App in smartphone. Finally, App displays all
information as shown in Figure 15 on the smartphone
screen. Calories of the stewed pork rice dishes can be
estimated to 506 kcal compared to the standard
calories of 456 kcal from the Nutritive Values of Thai
Foods booklet. From the experiment, the error
happens because of the 2D to 3D estimation technique
using Thai coins and also the lookup table. There is the
limit of the referenced lookup table since it is no
information about the shape, size, weight, and ration of
each ingredient shown in the food nutrition table in the
Department of Health Ministry of Public Health booklet.
Therefore, in order to overcome this limitation,
nutrition consultation is required for better estimation.
The error of 3D estimation is also can be solved by
using multiple view images or videos with advanced 3D
point-cloud estimation techniques such as the optical
flow algorithm or Al-based approaches. These issues

will be the main focus in further research.
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Figure 15 Output from full stack system displayed on the

mobile screen.

V. CONCLUSION

Food is one of the most important things for human
life but traditional nutrition estimation via comparison
booklet has limitations and hard to understand for
normal people. Nutrition and calories in Thai food are
important especially for the elderly or diabetic persons.
This research proposed the easy way for people to
obtain useful information from intake food pictures via
the designed full stack system to determine nutrition
and calories by using Convolutional Neural Networks
(CNNs) and image processing techniques. In  this
research, full stack system is constructed by the Al
server and mobile application (App) in a smartphone.
RESTful protocol and JSON format are used for
communication and data transfer between the App and
server. Al server consists of multi-CNNs structure and
image processing layers. Mobile Net network is selected
as a food categorization network and YOLO v3 tiny

network is selected as the ingredient’s classifier and
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localizer. Thai fast food dishes images are used to train
the networks in server environment and used in full-
stack system. Image processing parameters are
predetermined specifically for individual Thai food
categories. The designed networks can categorize food
and identify and localize ingredients with accuracy of
72%. Networks computation time is not fast but good
enough thanks to GPU from Nvidia graphic card. The
application is designed and deployed into the Android
smartphone. Application captures food image, packs
and sends JSON image package to the server via POST
method. The estimated nutrition and calories then
send back from the Al server and displayed on the
smartphone screen. There are errors that happen in this
research caused by the technical complexity and
limitation of referenced nutrition lookup table. The
best way to profit users such as elderly and/or diabetes
from this research is to display a range of nutrition
instead of a number. For example, a stewed pork dish
output will show 356kCal — 643kCal, fat about 18¢ — 20
g and 20 ¢ - 30 ¢ of protein on the screen then users
can self-calculate the maximum intake per day. Other
problems will be considered in future research. The
main focus of the next step is an exploration in the
Mask R-CNNs [10], YOLACT [11], and custom 3D Al-

based regression neural network in order to improve

the accuracy of the estimated nutrition and calories.
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Abstract

Electrical Discharge Machining (EDM) is a nonconventional manufacturing process whereby a desired shape is
obtained by using electrical discharges. Material is removed from the workpiece by current discharges between
tool-electrode and workpiece, separated by a dielectric liquid. Copper electroplating is the process to produce a
layer of copper on the surface of the substrate in this research was used graphite which is the tool-electrode. The
study aims to investigate the performance of EDM product which used graphite coated with the copper layer. The
experiment designed by using Taguchi-grey relational approach based multi-response optimization to find the
optimal electroplating parameters. The considered electroplating parameters including 3 parameters 2 levels,
current density 3.7 A/dm2 and 5.4 A/dm?2, electrolyte concentration 0.1 mol and 1.0 mol, plating time 3 hours and
5 hours. The electrode's machining performance of the surface roughness (SR) of workpiece, tool wear rate (TWR)

and material removal rate (MRR) will be investigated and compared with the conventional copper electrode.

Keywords: Copper electroplating, sraphite electrode, EDM process, surface quality, wear rate
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. INTRODUCTION

Electrical Discharge Machining (EDM) is a non-
traditional machining process which using electrical
discharges or spark erosion through the electrode to
remove material from work piece under the dielectric
fluid [1]. When considering tool-electrode for using in
EDM, there are various material properties of tool-
electrode to be considered such as electric
conductivity, thermal expansion, particle size etc. The
mostly used material for tool-electrode is copper and
graphite. For copper, due to its electric conductivity is
high, it mostly be used in rough and finishing surface,
also it can be finished mirror like surface as well.
However due to its thermal expansion is also high as
well, it least used in more complex work piece. For
graphite, due to its electric conductivity is almost at
the same level as copper, it can be used as alternative
material for copper. More over its thermal expansion is
also low, its mostly be used to produce more complex
work piece [2]. However it cannot achieve the true
mirror like finish surface just like copper. In order to
obtain tool-electrode which had low thermal
expansion and high electric conductivity and can be
used in finishing complex work piece. The composite
material of copper and graphite is selected. However,
method of powder metallurgy for graphite and copper
is expensive. The affordable and easier method such
as copper electroplating is selected. The copper
electroplating method is a process for coating copper
onto the desired surface or work piece. By using
electrochemical reaction of copper and copper ()
sulfate was shown in (1) and (2) for anode

and cathode respectively.
Cu(s)— Cu*(ag)+2e

Cu’(ag)+2e —> Cu(s)
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The good performance of tool-electrode is to having
high material removal rate (MRR) and low tool wear rate
(TWR) and low Surface roughness (SR) [3]-[4]. In this
study aim to optimize the performance of tool-
electrode through the copper electroplating process

using Taguchi Grey relational analysis.

IIl. MATERIALS AND METHODS
A. Materials and tools
Copper and graphite used in this study are pure
copper 99% and graphite’s specification was POCO
EDM3 and the electrolyte for electroplating was

copper(ll) sulfate supplied by Chemipan store
(Chemical products and tools store) and power supply
for electroplating was UNI-T regulated DC power supply
30V 3A and was using XFK magnetic mixer while

electroplating as shown in Figure 1.

Figure 1 EDM tool electrode, (a) Copper electrode and (b)

Graphite before preparation

The EDM machine was Mitsubishi’s EA8 and Surface
roughness testing machine was Mitutoyo’s surface

roughness testing machine.
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B. Methods

Experiment design
v
Preparing for electroplating
v
Hectroplating
v
Preparing surface for EDM process

A

Surface roughness
testing

OK

EDM process
v
Result recording
v
Result analyzation
v

Discussion

A 4

Figure 2 Diagram of the experiment

In this study, the concerned parameters for
electroplating are current density (A/dm2), electrolyte
concentration (Mol) and electroplating time (hours).
Dues to nature of EDM process, TGRA is also a good
choice for experiment with the uncertain nature of
result or reducing experiment number [5]-[10]. The
experiment will be conducted with 2-levels 3-
parameters of electroplating from the mentioned

parameters as shown in Table 1.

Table 1 Electroplating parameters

Levels
Plating parameters
1 2
Plating time (hours) 3 5
Electrolyte concentration (Mol) 0.5 1
Current density (A/dm2) 3.7 5.4

The graphite electrode specimens were prepared

for each conditions by cutting into the dimension of

N¢
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32x17x5 mm and sanding the surfaces. After surfaces
were prepared, performing the electroplating process
by each condition with the electroplating setup

(As shown in Figure 3).

Figure 3 Electroplating setup

After copper electroplated graphite electrode (As
shown in Figure 4), all specimen’s copper surfaces were
sanded for preparing the capable surface for using in
glossy mirror EDM process. Then the dimension, weight
before EDM for each specimen will be recorded for
comparison with after EDM. Then, all sample will be
used in EDM by testing with EDM machine in the same
machining condition of EDM input for the S50C
workpiece within the ESPER program for searching E-
conditions pack in the Mitsubishi’s EDM EA-8 as shown
in Table 2.

Figure 4 Sample of copper electroplated graphite electrode



Table 2 ESPER input setting for search condition in EDM

machine
Condition Parameters
Machining type Cavity
Material Cu-St, Gr-St
Surface roughness(Ra) 0.6

Finishing Process Glossy mirror

Fluid Emission
Contact area (mm?) 75
Initial Machining ON
Undersize 0.12
Orbital pattern 200
Priority wear rate

After obtains the Workpiece's surface roughness will
be recorded by Mitutoyo’s SV-3100 surface testing

machine (Shown in Figure 5),

Figure 5 Mitutoyo’s surface testing machine

Workpiece’s weight and electrode's dimension and
weight after tested was recorded and be used to
analyze with TGRA for the electrode performance of
SRMMR and TWR respectively.

After analyzed with TGRA the optimal electroplating
condition and predicted result could be obtained, the
confirmation for the optimal condition was conducted
and the result was recorded for compared with
predicted result and used in discussion for performance

when comparing with copper electrode.
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[Il. RESULTS AND DISCUSSION

A. Experiment results
The result of EDM process from all the
electroplating condition was recorded and can be
summarized as shown in Table 3 and the workpiece

surfaces can be shown as Figure 6.

Table 3 EDM process experiment result

Material
Surface Tool Wear
Removal
Condition roughness Rate
Rate
(Lm) (mm3/min) | (Mm3/min)
1 0171 8.012x10% 0.770
2 0.257 5.383x10%" 0.792
3 0.277 4.451x10°%7 0.783
4 0.203 1.322x10°% 0.785

Figure 6 Workpieces surfaces after EDM process by using
copper plated graphite electrode with a). Condition 1, b).
Condition 2, ¢). Condition 3, d). Condition 4.

For each condition, surface profile has a mirror like
reflection. The surface roughness is low and causing the
mirror like reflection, however the profile of the surface
is not uniformly flat. The reason for this might be from
copper’s layer changed its surface profile due to
thermal expansion. For condition 4, there’s a hole on
the surface which it might has air bubble in the copper

layer when electroplating.
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B. Taguchi-Grey relational analysis

Using Taguchi method to find Signal-Noise ratio (S/N
ratio) on the EDM process results by using (3) for
Smaller-the-better analysis of SR, TWR and (4) for
Larger-the-better analysis of MMR [11].

S 1w 1
= ~10+log (?—IZ(?)) (3)
1 n
2 = _10+log (;Z(Yf)) )
=1

Where Yiis the response result for each experiment
condition and n is the number of experiment. Signal-
Noise ratio for each condition results are as shown in

Table 4.

Table 4 S/N ratio

ratio respectively. The normalized S/N ratio is shown in

Table 5.

Table 5 Normalized S/N ratio

Surface Material Tool Wear
Condition
roughness Removal Rate Rate
1 0.000 0.000 0.000
2 0.845 1.000 1.000
3 1.000 0.893 0.636
4 0.356 0.279 0.698

The normalized S/N ratio will then be used to

determined deviation sequence using (7)

Boik) = |x3() — (0] (7)

Where A4, (k), x, *(k), x*k), are the deviation,

Material Tool reference and comparability sequences respectively.
Condition Surface roughness | Removal Wear The determined deviation sequences are shown in
Rate Rate Table 6.
(dB) (dB) (dB)
1 15.340 -2.275 138.345
9 11.801 2030 122,643 Table 6 Deviation sequence
3 11.150 -2.120 124.317 Surface Material Tool Wear
4 13.850 -2.104 133.965 Condition roughness Removal Rate Rate
1 1.000 1.000 1.000
The S/N ratio result will be normalized for being 2 0.155 0.000 0.000
use in the grey relational analysis by using (5) and (6) 3 0.000 0.107 0.364
for smaller-the-better of SR,TWR analysis and larger- ¢ o6dd 0721 0202

the-better of MMR analysis respectively.

maxy;(k) — y;(k)
maxy;(k) — miny; (k)

vi(k) — miny; (k)
maxy; (k) — miny, (k)

x; (k) =

x; (k) =

Where xi*(k), is normalized S/N ratio, yi(k) is the S/N
ratio obtained from the Taguchi analysis. The min vyi(k)

and max yi(k) are minimum and maximum values of S/N
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The grey relational coefficient (GRC) is determined using

(8)

Amin + gﬂmax

fi (k) B ‘ﬁ‘{]i (k) + gAmax

Where & (k) represents the GRC of individual
response variables computed as a function of Amin
and Amax, the minimum and maximum deviations of

each response variable and € is the distinguishing or



identification coefficient, defined in the range from 0 to
1, it is generally set at 0.5 to allocate equal weights to
each condition’s

every parameter. The GRC for

response are shown in Table 7.

Table 7 Grey Relational Coefficient

Surface Material Tool Wear
Condition
roughness Removal Rate Rate
1 0.333 0.333 0.333
2 0.763 1.000 1.000
3 1.000 0.824 0.578
4 0.437 0.409 0.624

Grey relational grade (GRG), is then computed by

averaging the GRC of each response variable using (9)

Yi = %Zn: &i(k)

Where Y; represents the value of GRG determined

9)

for the ith experiment, n being the aggregate count of

performance characteristics. The rank for each
parameter and condition could be determined. By
using the GRG ranking from the highest to lowest. The
determined GRG, condition ranking are shown in Table

8.

Table 8 Grey Relational Grade & Rank

Condition GRG Rank
1 0.333 4
2 0.921 1
3 0.801 2
q 0.490 3

C. Optimal parameter and confirmation
The optimal parameter will then be determined by

using (10)
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n
L %Z Yi
i-1

Where L; is the average of GRG for the ith level of
those parameters. The main effect for each parameter
can be determine by using the difference of maximum
and minimum of those parameters average GRG and
can be ranking from the highest to lowest. The average
of GRG for each level of parameters, the optimal level
of parameter for the copper electroplating and the
main effect with ranking can be summarised as shown

in Table 9 and Figure 6.

Table 9 Average GRG

Main
GRG
Effect
Parameters Rank
Level | Level
(Max-Min)
1 2
Plating time 0.627 | 0.646 0.018 3
Electrolyte
0.567 | 0.706 0.138 2
concentration
Current density 0.412 | 0.861 0.449 1

Grey relational grade
Plating time

0.636

Levell Level2

Grey relational grade
Electrolyte concentration

0.8
0.6
0.4
0.2

e 0.636
o

Level1 Level2
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() Grey relational grade
Current density

0.8 / 0.636
0.6 /
0.4

0.2

Levell Level2

Figure 6 GRG plot for each level of a). Plating time, b).

Electrolyte concentration, c). Current density

After optimal condition of copper electroplating was
obtained, which is plating time level2 (5 hours),
electrolyte concentration level2 (1 Mol) and current
density level2 (5.4 A/dm2). The predicted GRG can be
calculated by using (11)

q
Ypredicted = Ym + Z Yo~ ¥Ym (11)

=1

Where Y ediceq 1S the predicted GRG, Y, is the mean
GRG, VY, is the maximum of average GRG and g is
number of factors affecting response values. Then the
confirmation of the predicted optimal parameter was
conducted and compared with the condition that given
the best result in the experiment. The confirmation test

result is as shown in Table 10.

Table 10 Predicted GRG &confirmation test result

Best of
Predict
experiments Difference
Level 2-1-2 Level 2-2-2
GRG 0.819 0.904 10.46%
SR 0.277 0.191 31.05%
TWR 1.322x10°7 2.126 x107 -60.82%
MRR 0.783 0.78 -0.45%

From the confirmation testing result, the predict
condition of plating time level 2 (5 hours), electrolyte
concentration level 2 (1 Mol) and current density level2

(5.4 A/dm2) given the better result of surface roughness

than the best result of the experiment from the
condition of plating time level 2 (5 hours), electrolyte
concentration level 1 (0.5 Mol) and current density
level 2 (5.4 A/dm?2), even though the result of TWR and
MMR still inferior than the best result of experiment.
The difference in the TWR and MMR’s results are small
and can be negligible. In order to confirm the result the
optimal condition copper electroplating graphite
electrode. The testing with the same EDM condition by
using copper electrode was conducted and the result
was compared with the optimal condition as shown in

Table 11.

Table 11 Performance comparison

Mean Optimal Cu 100%
SR(MLmM) 0.191 0.197
TWR(mmM3/min) 2.126x107 1.580 x107
MRR(MmM3/min) 0.780 0.85

From the result of performance for the optimal
condition when comparing with copper electrode. It
can be said that the performance in surface roughness
of copper electroplating graphite electrode is on the
same level as the copper electrode, however the tool
wear rate and material removal rate is still inferior to
the copper which the reason might be from the
electrolyte using in the electroplating process which
contain H2 O. While electroplating, H2 O receiving
electrons producing H2 and OH as shown in (12) [12],
causing air gap in the copper layer, resulted in poor

electric conductivity and structure for the electrode.

2H,0 + 2 — H,+ 20H (12)

IV. CONCLUSION
The optimal condition of 5 hours in electroplating
time, 1 mol of electrolyte concentration and current

density of 5.4 A/dm?”. The optimal condition’s copper



electroplating graphite electrodes were successfully in
producing workpiece’s surface roughness of 0.191 Hm
in the same level as copper electrode of 0.197 m in
glossy mirror EDM process. However there’s still the
room for the improvement in the tool wear rate and
material removal rate which in this experiment result
can be consider inferior from the level of copper
electrode. The author sugegests in changing copper
electroplating method from using copper (Il) sulfate
which contain 5 atoms of H,O to other solution of
copper which doesn’t contain H,O or the substance
that could be resulted in the increasing of electric
resistivity or causing the irregularity in the electroplating
process. Furthermore, considering the alternate
electrode quality check process such as testing
electrical conductivity due to material conductivity’s

affect the quality of electrode in the EDM process.
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Abstract

This paper aims to study the effects of cutting condition to the power consumption and surface quality in
tuning process on mild steel S50C. The machine was used in this study is CNC tumning and carbide cutting tool.
The optimize process parameters by means utility concept and Taguchi technique applied to identify the
machinability and energy efficiency. The three types of process parameters with five different levels including,
cutting speed, feed rate, and depth of cut have been used in this work. The selection of these parameters was
based on literature review, and tool manufacturing recommendations. The Taguchi orthogonal array L,s(5°) have
been used for conducting the experiments. The results shown that most significant factor for power consumption
is depth of cut (60.58%) followed by feed rate (30.27%) and cutting speed (4.36%). For surface roughness, the most
significant factor is feed rate (98.49%) followed by depth of cut (0.99%), and cutting speed (0.02%). Nevertheless,
the minimum power consumption of machine condition is in contrast to the surface roughness quality. Therefore,

this technique can be applied for production planning to control the product quality and machining cost.

Keywords: Power consumption, cutting condition, Turning process, S50C, Taguchi method, Surface roughness
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. INTRODUCTION

Manufactured products require machining at some
stage of their production sequence. Machining process
is the removal of unwanted materials (machining
allowance) from the workpiece so as to obtain a
finished product of the desired size, shape, and surface
quality [1]. The energy consumption in machining
contributes a significant part of manufacturing cost and
produces a great environmental impact. The tumning
CNC machine working principle is similar to general
machinery, but different in the control systems of the
driven mechanism its use computer numerical control
the motors instead of the manual command [2]. The
characteristic of product is depending on cutting
parameters i.e. cutting speed, feed, depth of cut. The
carbon steel JIS S50C is widely used in machinery
manufacturing, good mechanical properties. Generally,
S50C use to make mechanical parts, like spring, gear,
tension bar, the roller, the axis, the load spindle etc.
Design of experiment is the method, which is used to
study the experimentations of industrial processes for
finding statistical significance, relationships and
optimize machining processes parameters [3].

Therefore, the objectives of this experiment aim to
demonstrate the difference in the values of the cutting
parameters for characterize power consumption in
machining process. In addition, the relationship
between cutting parameters, energy consumption and

surface roughness were analyzed.

Il. LITERATURE REVIEW

In machining process studies investigations,

statistical design of experiments is used quite

extensively.
have

(4]

consumption on CNC machine using response surface

Aman et al studied the power

methodology and Taguchi’s technique. The most
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significant factor in minimizing power consumption is
cutting speed following by depth of cut.

Carmita et al. [5] research machining condition on
material AlSI 6061 T6, the result showed that feed rate
is the most significant factor for minimizing energy
consumption and surface roughness.

Salem et al. [6] using multi-objective optimization
technique on dry machining of SUS 316. The most
significant factor onto surface roughness was feed rate
followed by cutting speed.

Jagannatha et al. [7] used the utility concept
identify the factor for multi-response optimization
problemes. It found that is good agreement between the
values and values of

predicted experimental

optimization.

I.LRESEARCH METHODOLOGY

The machine was use in this study is CNC turning
Mori Seiki Dura Turn 2030 with the Sandvik cutting tool
model CNMG 120408 QM 4325 [8]. The material is plain
carbon steel S50C in JIS standard. The experiment
condition use CNMG 120408 QM 4325 Idemitsu coolant
fluid during the cutting process. All the experiments
were repeated five times and average values of all
experimental. We use Taguchi Method, orthogonal
array L25 and S/N ratio analysis in order to find out the
optimal values of cutting parameters that minimize the
response variable. The design of experiment is 25
sample with 3 factors and 5 levels The process
parameters and design methodology to 3 factor 5 level
including cutting speed; 258 m/min, 315 m/min, 345
m/min, 375 m/min, 405 m/min feed rate; 0.2 mm/rev,
0.275 mm/rev, 0.35 mm/rev, 0.425 mm/rev ,0.5 mm/rev
and dept of cut; 1 mm, 2.25 mm, 3.5 mm, 4.75 mm, 6
mm. manufacturing recommendations as shown in

Table 1 and Table 2.
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Table 1 Parameters level

Velocity

(m/min)

285
315
345
375
405

Table 2 Experiment Details

Velocity
(m/min)
285
285
285
285
285
315
315
315
315
315
345
345
345
345
345
375
375
375
375
375
405
405
405
405
405

Feed

(mm/rev)

0.2
0.275
0.35
0.425
0.5

Feed
(mm/rev)
0.2
0.275
0.35
0.425
0.5
0.2
0.275
0.35
0.425
0.5
0.2
0.275
0.35
0.425
0.5
0.2
0.275
0.35
0.425
0.5
0.2
0.275
0.35
0.425
0.5

Depth of Cut

(mm)

2.25
3.5
4.75

Depth of Cut
(mm)
1
2.25
35
4.75

2.25
3.5
4.75

3.5
4.75

2.25
4.75

2.25
3.5

2.25
35
4.75

The specimen size diameter 48 mm x 72 mm in

length, running experiment following all condition on

Table 2. The power meter Fluke 438-Il were use in this
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study for correct the power consumed of each batch
and analysis with software Power log 430-Il. The surface
quality was use Mitutoyo surface testing machine
model SV-3100 to finding arithmetical mean roughness
value (R,) and average maximum peak (R,) as shown in

Figure 1.

Total Energ

Figure 1 Experimental setup of power measurement

IV. RESULTS AND DISCUSSION
Influence of power consumption
The experimental results of power consumption all
motors of machine in the average from 5 times

experiment are presented in Table 3.

Table 3 Average power consumption

No. Power Usage (kW)
1 3.54
2 8.34
3 11.34
4 14.7
5 17.28
6 7.86
7 10.2
8 12.06
9 15.48
10 6.6
11 8.04
12 9.78
13 13.14
14 7.38
15 10.38



Table 3 Average power consumption (Cont.)

No. Power Usage (kW)
16 7.44
17 10.68
18 5.22
19 8.46
20 12.78
21 8.88
22 3.96
23 7.38
24 11.4
25 15.9

Surface roughness
The experimental results of surface roughness in R,

and R, are presented in Table 4.

Table 4 Average surface roughness

No. of Ra Rz
Experiment (um) (um)

1 1.505 6.018
2 2.565 10.809
3 3.323 13.581
4 4.63 18.003
5 6.056 24.793
6 1.456 6.837
7 2.283 9.96

8 3.389 13.904
9 5.199 22.813
10 5.702 21.678
11 1.459 6.526
12 2.263 9.487
13 3.761 15.099
14 4.464 17.196
15 6.086 23.628
16 1.489 6.894
17 2.626 11.118
18 3.28 13.051
19 4.832 18.94
20 5.674 22.372
21 1.599 6.771
22 2.252 9.156
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Table 4 Average surface roughness (Cont.)

No. of Ra Rz
Experiment (um) (um)
23 3.661 14.269
24 4.456 17.899
25 6.245 24.565

ANOVA Analysis Result
The Main effects which influence the 5 cutting

conditions that affect power consumption are

presented in Figure 2

Main effects: avg P (kW)
f (mmyrev)

v (m/min)

114
E_SK_/__
.

a (mmj)

avg P (kw)

285 315 345 375 405 0.200 0.275 0.350 0.425 0500 100 225 3.50 475 6.00

Figure 2 The main effects of the average power consumption

(avg P, kW).

The Main effects which influence the 5 cutting

conditions that affect surface smoothness are
presented in Figure 3.
Main effects: ra (um)
v (my/min f (mm/rev) a (mm)

285 315 345 375 405 0.200 0.275 0.350 0425 0.500 100 225 350 475 6.00

Figure 3 The main effects of surface smoothness (ra, um).
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V. CONCLUSION

The results of turning process for S50C confirmed
with mean utility concept and Taguchi’s technique
shown that, for minimizing of total energy consumed,
dept of cut is the most significant factor (60.58%)
followed by feed rate (30.27%) and cutting speed
(4.36%). The minimize of power consumption is 3.54
kW at the cutting parameters as V=285 m/mm, f=0.2
mm/rev and a=1 mm. The most optimal parameter
effective to surface roughness is feed rate (98.49%), The
height quality of surface roughness Ra=1.456 at the
condition as V=315 m/mm, f=0.2 mm/rev and a=2.25
mm at the increasing of feed rate the surface quality

will be significantly reduced.
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Abstract

This research focuses on Harajuku-type Kawaii fashion style. Based on the fashion experience of the second
author, we made the hypothesis that Harajuku-type Kawaii fashion contains high saturation and a large variety of
color. In this work, we objectively tested these hypotheses by preparing original data sets of 3 styles: Harajuku-
type Kawaii fashion, Harajuku Street snaps, and Shibuya Street snaps. We calculate saturation and employ
colorfulness to quantify the variety of colors. The data sets were selected and properly modified based on heuristic
rules according to the fashion experience so that each data set contains only images with typical features of its
style. From the data analysis, we found that the saturation and colorfulness of Harajuku-type Kawaii fashion is
statistically higher than the other two data sets. As a result, we successfully verified that Harajuku-type Kawaii

fashion is very distinct in its saturation and colorfulness with statistical evidence.

Keywords: Harajuku-type Kawaii fashion, Fashion images, Colorfulness
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[. INTRODUCTION

Since Japan’s Ministry of Foreign Affair (MOFA)
appointed “Kawaii Ambassadors” in 2009 to promote
the understanding and propagation of Japanese pop
culture around the world, “Kawaii” was officially
recognized and used as a foreign policy tool. Kawaii
concept attracts attention and has made a large impact
around the world, not only in aesthetic [1] or
entertainment but also in areas like system design and
engineering [2], affective engineering [3] and so on.
Although Kawaii research in various fields of study has
been increasing, little attention has been paid to
fashion. This is contradicting to the recent fashion
industry trend. In this study, our target is the fashion for
adult female in Tokyo aiming at the contribution to the
fashion industry. The second author has investigated
the transition of Kawaii fashion trends in Japan. She
found that the current “Kawaii” fashion in Japan that is
well known both domestically and internationally is
found to originate from the street fashion at Harajuku
[4].

The fashion at Harajuku is well known for Harajuku
Kawaii, which was originally termed and spread
internationally by Masuda Sebastian [5]. Masuda is an
artist and a producer of a Japanese pop singer, Kyary
Pamyu Pamyu, one of Japan’s biggest pop stars and an
eccentric princess of Harajuku fashion. Kyary’s Kawaii
style is characterized by the presence of something a
little weird or a little grotesque, the mix of disparate
elements which at first glance may seem contradictory,
but in reality, are not [6]. Pigtails, oversized ribbons,
colorful items, gothic fantasy elements-imagery like
skulls and crossbones, eyeballs, blood, and studded
clothing are often used in her fashion decoration or
music videos [7]-[8].

As for examples including similar expression of the
fashion at Harajuku, we can observe the work by

Japanese finalist in the 2016 international fashion
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9] the

international and practical contest [10]. Those works

contest or award-winning  work  from
contain combinations of colors and design which we
had never seen before. Also, according to the book
about the worldwide view on Kawaii fashion by Sakurai
[11], the evaluation of “KAWAII” value must include
“Japanese-like, Tokyo-like nuance, and Harajuku
fashion is known as Kawaii for girls worldwide.

Given these backgrounds, the second author began
her research on Kawaii fashion at Harajuku. She
investigated Harajuku street fashion and found that the
fashion at Harajuku can be further classified into two
types; the Lolita fashion and the otherwise [4]. The
Lolita fashion was developed with the motif of
European Baroque style and Rococo style, often
feature clothing with frills and laces, decorated with
many girly accessories [12]. Apart from the Lolita
fashion is a kind of fashion that create somehow an
impression of disorganized Pop-style by destroying all
fashion rules. This style was named as Harajuku-type
Kawaii fashion [13]. Harajuku-type Kawaii fashion style
does not include only clothing in consideration but

also accessories, hairstyle or makeups. An example of

Harajuku-type Kawaii fashion style is shown in figure 1.

Figure 1 Harajuku-type Kawaii fashion style. The photo is a
derivative of “IMG_2680" by Dennis A. Amith (source
https://www.flickr.com/photos/kndynt2099/16563647067/), JI-
ENT, used under CC BY-NC 2.0 / Cropped from original.
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Shibuya
Street
snaps

Figure 2 Example of images in Harajuku Street snaps and Shibuya Street snaps data sets.

We collected fashion images that represent
Harajuku-type Kawaii fashion and analyzed the images.
The analysis results were summarized based on
individual fashion items including hairstyles and overall
look in [13]. As for individual fashion items, we found
that hair colors were often characterized by unusual
and flashy impressions. Their clothes, accessories, bags,
socks, and shoes all had unique designs. Clothing colors
were vivid, fluorescent, or multi colors. Materials were
translucent and glittery laminated. Since colors and
materials were individually unique, avant-garde and
weird items could be observed. Kitsch and Surreal
impressions which people hesitate to use in general
were adopted. On the other hand, from the overall

”

look, we observed the “mixed style” created by
multiple or unique colors, materials, items, and
impressions. Even employing bad taste elements,
Harajuku-type Kawaii fashion could be sublimated as
more creative and different from the ordinary fashion
style.

The above analysis was made by the second author,
who has a rich experience in fashion. Although there
are many elements of fashion such as colors, materials,
items, we focus only on color in this paper. To
statistically verify these results, we made the following

hypotheses regarding Harajuku-type Kawaii fashion.

+ Harajuku-type Kawaii fashion contains high

saturation clothing [14].
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« Harajuku-type Kawaii fashion contains large variety
of color combinations.

In this paper, we will statistically prove these
hypotheses by data collection, data preprocessing, and
then analysis using saturation and colorfulness.
Colorfulness [15] is a perceptually based metric
obtained by fitting the calculation parameters to the
results of psychophysical category scaling experiment.
It is used for image quality assessment, such as quality
evaluation after image compression [16]-[18]. To prove
the second hypothesis, we used colorfulness as an

image quantitative feature to represent a variety of

colors. No research has used it for this purpose before.

IIl. DATA PREPARATION
A. Data Collection

Fashion images were collected for the following
data sets:

« Harajuku-type Kawaii fashion

« Harajuku Street snaps

« Shibuya Street snaps.

Image collection for each data sets was carried out
by Japanese female students enrolled in the
Department of Textile and Clothing, Faculty of Home
Economics, Kyoritsu Women’s University. These
students were educated on fashion design and had
extensive knowledge and personal interest in fashion.

They also have part-time jobs in the fashion industry.



TNI Journal of Engineering and Technology
Vol.8 No.1 January - June 2020

Middle 3
Harajuku 1
Street
snaps
Colorfulness 29.00
Shibuya
Street v
snaps
Colorfulness 60.84 57.93 44.16 24.20

Figure 3 Preprocessed images from original images in Harajuku and Shibuya Street snaps data sets shown in figure 4, with

colorfulness values. The table shows images with top three, middle three, and bottom three colorfulness within the data set

accordingly. Images collected for Harajuku-type Kawaii fashion cannot be included in the publication due to Instagram copyright.

They have studied the second author’s research and
understand Harajuku-type Kawaii fashion with their own
sense. The selected images were verified their
appropriateness according to the second author’s
experience. Therefore, the data set contains only the
images that represent each style’s characteristic. The
characteristics of Harajuku-type Kawaii fashion are vivid,
fluorescent and multicolor, with a mixture of Kitsch and
[13] as described in the

Surreal  impressions

introduction (Section 1).

1.00

80

60—

Saturation

40—

.00 T

|
Harajuku-type Harajuku
Kawaii fashion Streetsnaps

I
Shibuya
Streetsnaps

Figure 4 The boxplot comparison of saturation values of

the 1st dominant color for each fashion styles [14].

Images for Harajuku-type Kawaii fashion data set
were selected from influencer’s Instagram™ account.
Due to the copyright restriction of Instagram™, the
example of Harajuku-type Kawaii fashion data sets
cannot be shown in this manuscript. We can only
introduce figure 1 and figure 5 to show information
related to Harajuku-type Kawaii fashion data set
instead. We chose the images for each data set of
Harajuku Street snaps and Shibuya Street snaps from
the website of Style-arena.jp. However, to choose the
data set of those two street snaps can possibly
ambiguous because Harajuku and Shibuya are close to
each other. Figure 2 shows an example of collected

images for Harajuku and Shibuya Street snaps data set.

B. Data Preprocessing

The collected images have various backgrounds,
which could interfere with the analysis, as seen in figure
2. Therefore, it is necessary to remove the background
before proceeding to data analysis.

A regular RGB image contains 24 bits value pixel
information (R, G, B channel). To discard all pixels that

represent background. We employ 32 bits image that
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Harajuku-type Kawaii fashion (N=61) Harajuku Street snaps (N=41) Shibuya Street snaps (N=20)
Order Top 8t Dominant colors Order Top 8t Dominant colors Order Top 8t" Dominant colors
1 1 1
2 2 2
3 3 3
30 19 9
31 20 10
32 21 11
59 39 18
60 40 19
61 41 20 | B

Figure 5 Example of top 8" dominant colors extracted from nine example images in Harajuku-type Kawaii fashion, Harajuku

Street snaps, and Shibuya Street snaps data set [14]. The table shows the image’s order number, sorted from the highest

saturation value to the lowest saturation value of the 1°' dominant color, with the top 8" dominant colors shown in a color bar

of that image respectively. The different color width in the color bar represents the ratio.

can represent the pixel value as 4 channels; RGBA,
where A represents an Alpha value. An alpha channel
contains a pixel’s transparency information.

For data preprocessing, we semi-automatically
segment each image using Photoshop™. The image
data was re-written in 32-bits .PNG file format to contain
an alpha channel. The alpha channel contains only 1
or 0 as the indication for foreground or background
region in the image. Figure 3 shows the preprocessed
images from the collected images for Harajuku and

Shibuya Street snaps in figure 2.

lll. FIRST HYPOTHESIS

Regarding the first hypothesis, we introduce our
previous work [14], which was done around 6 months
before proving the second hypothesis. We employed
the method consisting of data collection, data
preprocessing, and data analysis. We collect images for
data set as follows;

« Harajuku-type Kawaii fashion (N=61)

« Harajuku Street snaps (N=41)

» Shibuya Street snaps (N=20).
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For data analysis, we extract the saturation from
each image in the data set. Saturation defines the
brilliance and intensity of a color. High saturation colors
look rich and full while low saturation colors look dull
and grayish. For each image, we performed a
conversion from RGB to HSV representation. Then, we
performed color quantization to reduce the number of
colors to 72 and created a histogram with 72 bins. The
values of the histogram were normalized in each image.
After that, we sorted the histogram in the decreasing
order. The colors in the first eight bins were the eight
dominant colors of that image. Figure 4 shows the
boxplot comparison of the saturation value of the 1%
dominant color for each data set. We further show eight
dominant colors from images that have the top three,
middle three and bottom three saturation value of the

1% dominant color in figure 5. The eight dominant

Table 1 Min and max saturation values of the 15 dominant

color for all images.

Harajuku Harajuku Shibuya
Kawaii Streetsnap Streetsnap
Min 0.0039 0.0177 0.045
Max 0.9691 0.6896 0.6079
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gn i'::) 100 -[ Table 3 The correspondence between the colorfulness
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2 E 73 l attributes and the value of C [9].
< 8 > No. Attribute Value of C
25 Ii_l 1 Not colorful >0
0 i = 2 Slightly colorful >15
HK HS SS 3 Moderately colorful >33
4 Averagely colorful >45
5 Quite colorful >59
6 Highly colorful >82
7 Extremely colorful >109

Figure 6 The comparison of the average colorfulness for
Harajuku-type Kawaii fashion (HK), Harajuku Street snaps (HS),
and Shibuya Street snaps (SS)

Colorfulness comparison

200

150

;z 100
8

50

0

HK HS SS
Data Set

Figure 7 Violin plot for comparison of the distributions of

colorfulness between data sets

Table 2 Min and max colorfulness values for all images.

Harajuku Harajuku Shibuya
Kawaii Streetsnap Streetsnap
Min 18.89 16.33 17.32
Max 174.50 84.14 60.84

colors are shown in color bars with interval width as a
ratio. Also, the min-max saturation values of the 1%
dominant color for each data set are shown in table 1.
From the analysis, we found that Harajuku-type Kawaii
fashion contains significantly highest saturation,
followed by the Harajuku Street snaps and Shibuya

Street snaps accordingly.
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Table 4 The ratio of images in each data set classified into

each colorfulness attribute.

Ratio of images in the data set (%)
No. Harajuku-type Harajuku Street Shibuya Street
Kawaii fashion Snaps Snaps
1 0.0 0.0 0.0
2 6.2 65.9 70.0
3 14.2 22.0 20.0
4 12.4 2.4 5.0
5 27.4 7.3 5.0
6 24.8 24 0.0
7 15.0 0.0 0.0
OHK mHS @SS

100
g 80
° 60
IS
& 40

B ke L
. il - i
1 2 3 4 5 6 7
Colorfulness attribute

Figure 8 The chart shows ratio (%) of images classified into

each colorfulness attribute.

A. Background

To prove the second hypothesis, we employ the
colorfulness proposed by Hasler and Susstrunk [15].
The colorfulness can be calculated by defining the
opponent color values using Equations 1 and 2 with Ry,

G

p» and By, are the value in the Red, Green, and Blue

channel accordingly. For each image, we calculate
Equations (1) and (2) of each pixel. The results of u and
v for all pixels are stored in one dimensional array

accordingly.



(1)

u, =R, -G,

1
Up = E(Rp +Gp) = By (2)
Then, py,, and oy, are computed using Equations
(3) and (4). In the equations, u,, and o, are the mean
and the standard deviation of u,, while, y,, and g, are
the mean and the standard deviation of v,. Equation

(5) shows the calculation of the final colorfulness: C.

Py = UG + U3

C=0yta ly

O-uv

We use @ = 0.3 in our work similar to Hasler and

Susstrunk [15].

B. Data Analysis

We employ data collection and data preparation as
described above in Section Il (Data Preparation). The
number of the images for Harajuku-Kawaii type fashion
used in the study to test the second hypothesis was
larger than that used in the study to test the first
hypothesis because the former study was performed 6
months later than the latter, and we continued to
collect images during that. Therefore, we increased the
number of images that represent Harajuku-Kawaii type
fashion to N=113. Harajuku Street snaps and Shibuya
Street snaps data sets are the same as before.

We computed the colorfulness, C, for every
preprocessed fashion image in each data set. The high
colorfulness value indicates that the fashion image
contains a variety of colors.

Figure 3 shows the preprocessed images of Harajuku
and Shibuya Street snaps data set and the
corresponding colorfulness. The min-max colorfulness

values for each data set are shown in table 2.
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A one-way ANOVA was conducted to determine if
the colorfulness was different across data sets. There
were no outliers, and the data were normally
distributed for all data sets. A significant main effect was
found (Welch's F(2, 68.758)=77.787, p<0.001).

Figure 6 shows the averages and standard deviation
for Harajuku-type Kawaii fashion (HK, ppyg =75.99,
opk =31.3), Harajuku Street snaps (HS, uyg =33.98,
ous=16.33) and Shibuya Street snaps (SS, ugg=29.76,
Oss =12.94). From the graph, HK has the highest
colorfulness among all data sets, followed by HS and
SS accordingly.

Games-Howell post hoc analysis revealed the main
significant difference between HK and HS (p<0.001), and
between HK and SS (p<0.001). However, there is no
significant difference between HS and SS. These
analysis results showed that although HK and HS can
be observed in Harajuku, the colorfulness of HK is
significantly higher than that of HS. Meanwhile, the
colorfulness of HS and SS are similar.

Figure 7 shows density or violin plots of colorfulness
of each data set. The red dots show the mean of
colorfulness. The width of the area at each level of
colorfulness shows the ratio of images in each data set.
It can be seen from the figure that the colorfulness of
HS and SS gathers around the averages, whereas the
colorfulness of HK spreads in a wide range and the
thickest section is not as large as the others. From the
figure, the distribution of colorfulness in HK is totally
different from HS and SS, while HS and SS are similar.

Hasler and Susstrunk defined the correspondence
between the value of C and the colorfulness attributes
in [15], and we show them in table 3. We show the
ratios of images for each colorfulness attribute in table
4 and figure 8, where the ratio was employed due to
the difference in the total number of images in each
data set. It can be seen from the figure that most

images in HK are classified as “Quite colorful,” “Highly
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colorful,” and “Extremely colorful” accordingly.
Meanwhile, the colorfulness of images in HS and SS are
mostly classified as “Slightly colorful.” Images in HK are
apparently categorized in higher categories compared
to images in HS and SS, while images in HS and SS are

similarly categorized.

V. DISCUSSION

In our research, there are novelties in data
collection and data analysis described as follows:

The second author, an expert of fashion, selected
only images of typical Harajuku-type kawaii fashion to
build the data set. This data set is new because there
are no Harajuku-type kawaii fashion data set with similar
quality before. Inputting “Harajuku-type Kawaii fashion”
as a word in a search engine, many images should be
shown. However, if we employ those images for
analysis, no significant result will be obtained because
of the low quality of the data set as Harajuku-type
kawaii fashion data set.

The comparison of colorfulness values showed that
HK contain high variety, while HS and SS is similar. This
finding is also supported by the distribution shape
observed from figure 8. This is a new finding because
no one statistically verified that Harajuku-type kawaii
and Harajuku Street Snap are very different even they
are in the same location.

The colorfulness value could result from all cases
as follows

 An independent fashion item has each different
color.

« Mix and match of different single-color fashion
items.

 The combination of both.

High colorfulness is caused by any cases, which case

does not matter because Harajuku-type Kawaii fashion

includes all of the above cases [4], [13]. Hence, the
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colorfulness value shows the difference between
Harajuku-type Kawaii fashion from other fashion styles.

Besides, if the simple colorfulness value of a fashion
image is high, there is a possibility that the fashion might
be messy. However, our data set contains only the
images of typical Harajuku-type Kawaii fashion, so there
are no messy clothes.

In this research, we compared Harajuku-type Kawaii
fashion to only Harajuku Street snaps, and Shibuya
Street snaps because the fashion at other locations,
such as Ginza, Omote Sando and Daikanyama are
apparently different from those three, as they are
classified as luxurious, modern and high-end [19]-[20],
which are far from Harajuku-type Kawaii fashion.

Our proposed methods can be applied to other
fashion styles as well. For example, to objectively
define the distinctiveness of colorful scarf patterns of
Hermes and Emilio Pucci from other high-end brands.
Moreover, the colorfulness range could be used as a
reference when designing a new pattern for those

particular brands.

VI. CONCLUSION

Kawaii concept is wused to promote the
understanding and propagation of Japanese pop
culture around the world. Although there is much
research on Kawaii in various field, little research has
been conducted regarding Kawaii fashion. The second
author investigated the transition of Kawaii fashion
trends in Japan and found that they were originated
from the street fashion at Harajuku, which can be
grouped into the Lolita fashion and the Harajuku-type
Kawaii fashion [4].

We made two hypotheses that Harajuku-type Kawaii
fashion contains high saturation and large variety of
color combinations. We successfully verified them with
data

our proposed method of data collection,



preparation, and statistical data analysis using

saturation and colorfulness.

Our proposed method can be applied not only for
Harajuku-type Kawaii fashion analysis but also to other
fashion styles, or other purposes as well. This study
focused only color and found an interesting feature of
Harajuku-type Kawaii Fashion. In future, data collection

could be more systematic to contain more images.
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