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Preliminary report
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Cultural authenticity
and purchase intention of
Chinese luxury brand logo

ABSTRACT
Chinese domestic luxury brands (CDLBs) increase in both sales and attention Wan g Zhe ng
in academic research, due to rise of inconspicuousness consumption. Louis Rin ga h Ka nyan

However, there is little research on how cultural authenticity in logo

Musdi Bin Shanat

influences on purchase intention of CDLBs. Based on signaling theory and
power distance belief, this paper investigates this research gap by taking

the cultural authenticity as signalling, inconspicuousness and brand trust as University Malaysia Sarawak, Faculty of
evaluation, and purchase intention as outcome. The study also examines the Applied and Creative Arts, Malaysia
mediating effect of power distance belief between the inconspicuousness

and purchase intention. Across three experiments, the researchers collected Corresponding author:

survey data from 210 individuals who lived in Beijing, Shanghai, Guangzhou, Wang Zheng

Shenzhen and Hangzhou, which are the cities which are ranked as highest e-mail:

luxury consumption cities in China. According to the findings of the thomas.wang.design@gmail.com

study, the impact of cultural authenticity in logo on purchase intention is

significant, and this impact is observed both directly and indirectly through

the effects of inconspicuousness and brand trust. This study's results offer First received: 10.3.2023.
valuable information on methods to enhance customers' perception of Revised: 16.1.2024.
cultural authenticity and increase their intention to purchase for CDLBs. Accepted: 18.2.2024.
KEY WORDS

Chinese Domestic Luxury Brands, signalling theory, power distance belief,

purchase intention, cultural authenticity, logo design

Introduction

In recent years, a confluence of global events has
indelibly shaped the contours of foreign capital invest-
ment within China. Notable among these transfor-
mative events are the far-reaching repercussions of
the COVID-19 pandemic and the intricacies of trade
regulations, particularly those stemming from the
administration of former U.S. President Trump. These
multifaceted dynamics have precipitated a discernible
decline in foreign capital infusion, ushering in a period
marked by a perceptible deceleration of the once-dom-
inant paradigm of "globalization" (Liu et al., 2021).

This evolving global landscape has not only exerted
profound effects on economic dimensions but has also
wrought consequential shifts in consumer behavior and

preferences, notably within the Asian market, with China

standing as a focal point. Within this narrative, the erst-
while juggernauts of the global luxury market—Gucci,
Burberry, Chanel, and the like—have grappled with

the challenge of maintaining their market share, while
local brands in the Asian context have experienced a
pronounced ascendance, an observation documented by
Gupta & Wright (2019).

This transformative landscape extends its influence into
the realm of China's luxury market, renowned for its
voracious appetite for opulent consumption, particularly
in the domain of Western luxury brands.

However, a noteworthy transformation is underway as of
late, where Chinese domestic luxury brands (CDLBs) such
as Shanghai Tang, Shang Xia, and MaoGeping have
emerged as notable contenders. These brands have
captured the discerning gaze of Chinese consumers,
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embarking on a trajectory marked by surging sales
and the burnished glow of an enhanced brand
reputation (Wu et al., 2017).

The ascent of CDLBs has aroused considerable academ-
ic curiosity, resulting in numerous inquiries into the
motivations behind the shifting purchasing behaviors of
Chinese consumers. Central to this transformation is the
concept of cultural authenticity, a defining factor influ-
encing consumer choices between local and Western
luxury brands. Cultural authenticity embodies distinctive
cultural elements that bear the imprints of integrity and
aesthetic grace, emanating from a specific culture. It
demands exclusive cultural elements from a particular
origin, aligning with the cultural values and aesthetic sen-
sibilities of discerning consumers. In the hands of brand
custodians, this concept assumes the role of a venerated
vessel, encapsulating brand authenticity (Beverland,
2005; Napoli, Dickinson-Delaporte & Beverland, 2016).

While a multitude of studies have scrutinized the
impact of various factors, such as size, shape, col-

or, and typeface, on brand logos (Zheng, Shanat &
Kanyan, 2022; Jiang, Gao & Shi, 2016), the intricate
relationship between cultural authenticity and brand
logos has remained a relatively underexplored ter-
rain. Examination of Chinese cultural elements into
logo design and its intricate dance with purchase
intention unveiled a compelling narrative of positivi-
ty, illustrating the symbiotic relationship between the
incorporation of Chinese traditional elements in brand
logos and the fertile ground of purchase intention.

Nonetheless, it is essential to acknowledge that this
prior scholarly exploration primarily centered on glob-
al luxury brands, leaving a research gap concerning
the nexus between cultural authenticity and pur-
chase intention in the distinctive context of CDLBs.

In this study, the researcher invokes the signaling theory
by Spence (2002) as our theoretical underpinning, a
construct that invites us to delve into the intricate realm
of signals that shape consumer perceptions. While the
original theory predominantly probes the realm of per-
ception, a more expansive perspective, as illuminated by
Mavlanova, Benbunan-Fich & Koufaris (2012), recognizes
that brands profoundly influence the entirety of the
consumer experience. This expanded view posits that
individuals cultivate perceptions of brand authenticity
based on cultural elements or heritage (Morhart et al.,
2015), with consumption intention being guided by the
perceived authenticity of the brand and the evocation of
nostalgic experiences (Song & Kim, 2022).

Thus, this study extends this theory, scrutinizing the
complex interplay between cultural authenticity, incon-
spicuousness, brand trust, and power distance belief,
all of which significantly influence purchase intention.

Inconspicuousness, a hallmark of CDLBs, conveys lux-
ury with subtlety, eschewing ostentation in favor of
nuanced design elements (Kapferer, 2015). Yet, within
academic circles, a gap persists—a paucity of under-
standing concerning the impact of CDLBs' brand logos
on inconspicuousness and purchase intention.

To navigate this academic terrain, the researcher har-
ness the prism of power distance belief (PDB), a facet of
personal values stemming from the broader construct of
power distance (Hofstede, 2001). PDB encapsulates indi-
vidual expectations and acceptance of the asymmetries
that underpin social interactions (Oyserman, 2006). It is
a concept that has played a pivotal role in shaping beliefs
and values, particularly within the domain of luxury
consumption. Previous investigations have unveiled the
notion that consumers characterized by low PDB exhibit
a greater inclination toward embracing inconspicuous
luxury items, as evidenced in the research of Jiang, Gao
& Shi (2021). In this study, the researcher position PDB
as a mediating factor, a bridge that connects the realms
of inconspicuous consumption and purchase intention.

Furthermore, our study scrutinizes the role of brand
trust in relation to the cultural authenticity embedded
within CDLBs' logos. Trust, akin to an intangible thread,
weaves the bonds of consumer-brand relationships,

a concept that has gained prominence in branding
literature since the late 1980s, particularly in the con-
text of relationship marketing (Lantieri & Chiagouris,
2009). While prior research has illuminated the pos-
itive correlation between brand trust and purchase
intention (Delgado-Ballester, 2004), there remains a
dearth of studies explicitly examining the interplay

of cultural authenticity within the ambit of CDLBs.

In light of the preceding literature and the research
revelations hitherto expounded, our study embarks on

a mission to unearth the intricate relationship between
cultural authenticity and purchase intention within the
realm of CDLBs. In the pursuit of this noble objective, the
researcher meticulously dissect the profound impact of
cultural authenticity on the domains of inconspicuous-
ness and brand trust, weaving an academic tapestry of
enlightenment. The researcher offers twofold contribu-
tions to the academic arena.

Firstly, it refines its focus, zeroing in on the intricate
domain of cultural authenticity within CDLBs' logos,
thereby extending the applicability of the signaling
theory and shedding light on its relevance to pur-
chase intention. In doing so, it seeks to empower
brand custodians and future scholars with insights
into the intricate dance between cultural authenticity
and consumer intent. Secondly, it endeavors to infuse
new vitality into the exploration of cultural elements'
sway over consumer behavior. By untangling the enig-
matic relationships between cultural authenticity,



inconspicuousness, brand trust, and power distance
belief, our study aspires to mend the fragmented
quilt of research and create new vistas of inquiry.

Literature Review and
Hypothesis Development

CDLBs, and Cultural Authenticity (CA)

The idea of luxury originated from the Latin word
"luxuria", meaning "extras of life" (Danziger, 2005).
These extra or non-essential goods or services con-
tribute to a luxurious lifestyle by offering excessive
comfort or convenience beyond basic necessities.
Brand researchers often identify "luxury" as the highest
echelon of prestigious brand categories (Vigneron &
Johnson, 2004). The definition of “Chinese Domestic
Luxury Brands” or CDLBs is the it must originate in
China, and its headquarter is also located in China,
as well as the major managerial members should be
Chinese (i.e., CEO, Chief Designer, the founder).

A brand must first be successful and recognized in its
home market before it can expand internationally. If it
fails to appeal to domestic consumers, it will have difficul-
ty gaining traction abroad. The two successful examples
of CDLBs are Shanghai Tang and Shang Xia, which there
are extensive researches upon the two brands already
(Guu & Huang, 2014; Heine & Gutsatz, 2015; Heine &
Phan, 2013; Zhiyan, Borgerson & Schroeder, 2013). One
factor that contributes to their success is fusing Chinese
traditional culture into their brand and product design,
showing their cultural authenticity (Heine & Gutsatz,
2015; Schroeder, Borgerson & Wu, 2015). The concept

of authenticity is a complex one that encompasses mul-
tiple dimensions such as philosophical, psychological,
and spiritual. Authenticity involves determining what is
real and what is fake and can be defined as the genuine-
ness, reality, or truth of something, as stated by Kennick
(1985). Ram, Bjork & Weidenfeld (2016) further explored
the idea of authenticity, acknowledging its multi-faceted
nature. For instance, Shanghai Tang incorporates Chinese
elements in a refined manner. The brand has successfully
captured the essence of China's sophistication, charm,
cultural history, and liveliness (Shanghai Tang, 2010).

Culture plays a significant role in global marketing, and
it's widely acknowledged that cultural background influ-
ences consumer behavior. (Steenkamp, 2019). There's
general agreement that culture and cultural meanings
serve as resources for branding processes and practices,
and these cultural resources can be leveraged for effec-
tive brand development (Balmer, 2013; Allen, Fournier &
Miller, 2008). Cultural authenticity, unlike brand authen-
ticity, it is referring to how true to its culture (Beverland
& Farrelly, 2010).

In this research, cultural authenticity of a brand is
defined as the customer's perspective on the genu-
ineness and veracity of the brand's cultural heritage,
as it pertains to its origin. Given the fact that different
consumers might perceive the message differently, it is
necessary for the brand to determine the right audience
in the right place. Using traditional cultural elements
in branding can evoke a sense of shared identity and
authenticity among members of a particular cultural
group. This can be both convincing and credible on a
cultural level (Ko & Lee, 2011). Using Shanghai Tang as
an example, the value proposition of Chinese cultural
heritage is integrated into its entire brand management
process, including brand identity (logo and name),
product development, and brand communications

(Ko & Lee, 2011). As for Shang Xia, the notion of reviv-
ing Chinese traditional craftsmanship as core idea of
the brand, as well as shown on entire brand visual,
product and the stores (Schroeder, Borgerson & Wu,
2014). Therefore, incorporating of Chinese traditional
elements and cultural heritage can be used as a tool
that forms cultural authenticity and strengthen the
competitiveness (Urde, Greyser & Balmer, 2007).

CDLBs’ logo and CA

Due to the impact of brand logos on brand communica-
tion, researchers have placed a great emphasis on the
visual design aspects of logo marks, particularly when

it comes to the success of imply western culture in the
logo (Henderson et al., 2003). The brand logo not only
conveys the brand's core values, mission, and messages,
but also reflects its cultural heritage. This makes the logo
a significant factor in shaping consumers' perceptions of
the brand (Salciuviene et al., 2010; Yorkston & Menon,
2004). For instance, the brand name "Shanghai Tang" is
composed of two words which hold specific significance.
By incorporating part of the founder's name, the brand
name suggests an air of authenticity (Paulicelli & Clark,
2008). Therefore, logos often time utilized to establish
desired brand associations (van Riel & van den Ban,
2001). Brand logo design can be comprised with logotype
and mark (Southworth, 2019). The definition of logotype
described as the name written in a unique typeface with-
out any additional decorative elements (Doyle & Bottom-
ley, 2006).

Pervious researches states that the use of language

in the brand logotype is suggested as a way to com-
municate the brand's cultural authenticity (Larsen et
al., 2002; Marian & Neisser, 2000). Thus, some CDLBs
might have both English and Chinese characters in
their logotype (i.e., Shanghai Tang), whereas other
might only include English characters (i.e., Shang Xia)
or Chinese characters (i.e., Maotai). The study conduct
by Southworth (2019) suggests that the English charac-
ters alone might be a better choice for the brands that
indicates western culture, however, the combination
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of using both English and Chinese in the logotype has
more positive impact on the cultural authenticity.

The brand mark, like the brand logo, is a powerful

tool for communicating a brand's cultural authentic-
ity. By incorporating visual elements that are specific
to a brand's cultural heritage, the brand mark can
create a strong sense of identity and establish credi-
bility with customers (Safeer et al., 2022; Southworth,
2019). Committing to a specific visual or design style
plays a crucial role in establishing cultural authentici-
ty, Southworth (2019) in his study further proves that
the cultural design elements in brand mark can have
the positive influence on brand cultural authenticity,
especially for Asian (i.e., Chinese) brands. The use of
symbols and communication that embodies Chinese
cultural elements has the potential to not only reflect
the essence of China's cultural heritage but also evoke
strong cultural associations and emotions in consumers,
as stated by Huang, Huang & Wu (2019). The results of
Southworth (2019) also indicates that a logo, particu-
larly a logo symbol (mark), can possess a remarkable
ability to transmit the cultural authenticity of a brand.

Inconspicuousness in CDLBs

Podoshen, Li & Zhang (2011) explored the phenomenon
of Chinese consumers purchasing Western-style luxury
goods as a means of showcasing prestige and social
status, a behavior that is more prevalent in China and
often referred to as conspicuous consumption. However,
the once exclusive realm of luxury goods has become
increasingly diluted due to the mass market penetration
of luxury brands, the rise of nouveaux riche consumers
engaging in conspicuous consumption, and the
abundance of high-quality counterfeit products. This shift
has caused a reorientation in the preferences of the elite,
upper class consumers, who tend to shy away from overt
status symbols and opt for more understated brands

that rely on subtle design cues to communicate their
prestige (Han, Nunes & Dreze, 2010). This means that
inconspicuous luxury brands are characterized by having
a low level of visual visibility, using subtle or discreet
design elements, and avoiding any overt display of the
wealth or social status of the consumers (Wu et al., 2017).

Over recent years, many researches start to pay attention
of the rise of inconspicuousness in luxury purchasing
(Wu et al., 2017). Based on the literal meaning, the
“Inconspicuous consumption” has referred to the routine
consumption of ‘ordinary’ goods and service.

Nevertheless, Berger & Ward (2010) found that some
consumers avoid products with clear brand markings
and instead use subtle signals only noticeable to those
with the right knowledge. Inconspicuous consumption
explained as not publicly display the social status and big
logo (Berger & Ward, 2010).

These inconspicuous consumers try to stand out from
the crowd by using these secret markers and reject
flashy status symbols.

Chinese luxury brands that incorporate traditional and
historical Chinese culture are becoming popular and
gaining market share. These locally grown brands are
attracting attention and interest (Heine & Gutsatz,
2015; Schroeder, Borgerson & Wu, 2015). Moreover,
some studies also suggest that traditional cultural
elements have potential positive correlation with
inconspicuousness (Eckhardt, Belk & Wilson, 2015;
Wu et al., 2017).

Cultural authenticity, as nonfinancial social assets,

also possessed by the consumer in the particular
cultural domain (Thornton, 1996). The consumption

of historical and traditional elements in products and
branding campaigns has the ability to evoke nostalgia
and a feeling of being connected to an authentic

past, which can lead to a sacred and mythic response
(Zhou et al., 2013). Furthermore, in some collectivist
societies, like China, nostalgia is the importance of
relationships with others compare to the individualistic
societies like the US. The study conducted by Wu et al.
(2017) also suggests the positive correlation between
Chinese cultural authenticity in brand design can induce
inconspicuousness among Chinese consumers.

Wu (2022) also explored the process of building an
inconspicuous Chinese luxury brand, which one of his
suggestions is to exhibit authentic culture. In line with
above discussion, the researcher develops the following
hypothesis:

H1: The cultural authenticity has positive impact on
inconspicuousness in CDLBs

Inconspicuousness and
purchase intention in CDLBs

Previous studies mainly focused on the conspicuous
luxury purchase intention. Based on the signaling theory,
people purchase luxury to show their taste, wealth as
well as their social status (Hennigs et al., 2012; Janssen,
Vanhamme & Leblanc, 2017; Ko, 2020; Schroeder,
Borgerson & Wu, 2015).

However, the trend towards inconspicuous luxury
consumption can be attributed to the decline of
traditional luxury goods as an indicator of wealth, a
growing preference for subtlety over ostentation, and

a heightened desire for sophistication and recognition
from members of one's social group (Eckhardt, Belk &
Wilson, 2015). Generally speaking, many young, wealthy
consumer tend to hide their social status, and facilitating
social equality by conducting inconspicuous luxury items
(Jiang, Gao & Shi, 2021).



According to Berger & Ward (2010), individuals who
possess a significant amount of cultural capital, tend

to gravitate towards luxury brands that are subtle and
have low visibility. The reason being that these types of
luxury brands use discreet signals in their design and
are only noticeable to those within the same group
who have the necessary knowledge and understanding
to recognize them. In line with above discussion, the
researcher develops the following hypothesis:

H2a: Inconspicuousness has positive impact
on purchase intention in CDLBs

PDB used as a common theory to predict and explain the
consumption behaviour in luxury world (Jiang, Gao & Shi,
2021), as well as the general consumption. It reflects an
individual's perspective on status differences, making it

a significant factor in determining luxury consumption.
Researches have shown that consumers with differing
levels of PDB have distinct views towards consumption.
The concept of PDB highlights the attitude towards status
differences, making it a crucial factor in determining
luxury consumption patterns. Studies have started to
distinguish between inconspicuous and conspicuous
luxury consumption, and are now exploring the reasons
behind inconspicuous luxury consumption (Berger &
Ward, 2010; Han, Nunes & Dreze, 2010).

Furthermore, the previous study suggests that the
consumer hold with high power distance belief will
more likely buying conspicuous luxury products. On
the contrary, the individual holds low power distance
belief will have more interest in inconspicuous luxury
items (Brun & Castelli, 2013; Gil et al., 2012; Kim et al,,
2012; Schade et al., 2016). The mechanism behind it
might because the wealthy, low PD individuals tend

» Figure 1: Theoretical Framework

to feel uncomfortable to showing their status publicly,
and willing to promote social equality by purchasing
inconspicuous items (Eckhardt, Belk & Wilson, 2015).

Based on the discussion, the researcher makes the
following hypothesis:

H2b: The influence of inconspicuousness on
purchase intention is mediated by PDB

CA and Brand Trust (BT) of CDLBs

Cultural authenticity has been repeatedly linked to brand
trust (Eggers et al., 2013). Kumar & Steenkamp (2013)
recently argued that Asian brands may need to highlight
their cultural authenticity to improve consumers’

trust. Trust is another important factor for Chinese
luxury brands expend domestically as well as globally
(Southworth, 2019). Brand trust refers to the confidence
a customer has in the brand to deliver what they expect
from it. The concept of brand trust plays a crucial role

in the success of small-to-medium sized businesses.
Eggers et al. (2013) discovered that the authenticity of a
brand can lead to an increase in trust, thereby promoting
growth across industries.

Napoli et al. (2014) found that consumers who view
a brand as culturally authentic also tend to view it
as credible, and credibility is the critical factor that
construct brand trust (Southworth, 2019).

Based on these findings, the researcher makes the
following hypothesis:

H3: Cultural authenticity has positive impact on CDLBs’
brand trust
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Brand familiarity (BF) as
a controlling factor

BF is the knowledge that consumers acquire from brands
and then retain in their memory through brand associa-
tion. As a control variable, prior research has recognized
that BF can affect purchase intention and brand attitude.
Thus, we expect that BF will have an effect on purchase
intention and brand trust in cultural authenticity as a
controlling factor In CDLBs.

Methodology

Stimulates

To ensure that the results of the study accurately reflect
the individuals' perceptions and not be influenced by the
product categories, it is important to choose luxury
products from a single product category (Lim & Ang,
2008). To ensure accurate results, three studies were
conducted using fictitious products and brands to

avoid any preconceived notions of the participants.
Furthermore, the participants acknowledged that.

To manipulate the cultural authenticity level of the
CDLBs' logo, the researcher conducted pre-study inter-
views with seven professors (3 Males and 4 Females,
Average age: 41.6) and 20 graduate students (7 Males
and 13 Females, Average age: 19.53) in business adminis-
tration, who mostly had a research focus on cultural mar-
keting. In order to determine suitable aspects of Chinese
culture, the researcher adds the elements that repeated-
ly been recognized as representation of traditional Chi-
nese cultural elements such as Chinese knot, bamboo as
well as calligraphy and Song Ti (Chinese serif typeface).
Furthermore, various literature review, semiotics,

design, and history literatures also suggest that these
elements are typical Chinese elements, therefore, further
verify the effectiveness of selected cultural elements.

Realistic representation was achieved by using the logos
on T-shirts, handbags, and store signs (Zheng, Shanat

& Kanyan, 2022). Additionally, research has shown that
brand familiarity has a positive impact on consumer per-
ception of brand logos. To assess this, the researcher
conducted surveys on brand familiarity before each
study. The studies all applied with the fictional brand
name and run the familiarity check, the result shows
(“familiar”, 1= very unfamiliar, 7 = very familiar)

=300, Mg ca =3-69, T(225) = 0.412,
p > 0.1) the fictional brand familiarity does not significant
in both low AC and High AC brand logo, therefore, the
fictional brand name is valid for the studies. The level of
cultural authenticity (CA) of the two logos is also been
evaluated by the participants based on the scales 1to 7 (1
= “not authentic at all”, 7 = “very authentic”, a = 0.72),

(Mfam\\ianty—Low CA
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the result shows the significant difference in cultural
authenticity (M, ., =318, Meptigncn =6-22, F (2, 220) =
0.412, p = 0.025), therefore, the two logos are valid for
this study.

Participants

The study used Questionnaire Star, the largest online
questionnaire website in China, to distribute and collect
questionnaires from September to December 2022 in
order to ensure effective and complete data collection
from participants. 225 questionnaires were collected,

but after removing those with conflicting or repeating
answers to 8 consecutive questions, only 210 were
deemed valid. The respondents are from cities: Shanghai,
Hangzhou, Beijing, Guangzhou, Shenzhen. These five
cities have been ranked as top 5 cities in luxury consump-
tions, and having tremendous fan, as well as aesthetic
taste of luxury fashion. The gender distribution of par-
ticipants was fairly balanced, with similar numbers of
men and women taking part. The majority of participants
were aged between 18 and 35, with an average of 22.79
years old, indicating that they have well-developed
aesthetic tastes and values. 69.3% of which are female.
The education level of the participants was largely high,
with the majority being well-educated. Only 8.1% of par-
ticipants had overseas experience, which suggests that
they have a strong connection to Chinese cultural ele-
ments. 70.4% of participants had luxury shopping expe-
rience, and 46.2% of the participants heard or shopped
CDLB before, therefore, the participants have sufficient
knowledge and experience about luxury, as well as
Chinese luxury brands. The participants in the study are
from families with an annual household income greater
than 500,000 CNY, which is considered the Chinese
middle class.

Experiment 1
Procedure

In this experiment, the researcher tested whether the
cultural authenticity has correlation with inconspicuous-
ness, and the purchase intention as well as mediating
effect of power distance. The participants been randomly
divided into two groups to view the two logo that dis-
played on the T-shirt and bag.

Initially, participants were asked to respond to questions
related to their belief in power distance, using a Likert
scale consisting of five items, ranging from 1 ("strongly
disagree") to 5 ("strongly agree"). The questions included
statements such as "People in higher positions should
make most decisions without consulting people in lower
positions," "People in higher positions should not ask the
opinions of people in lower positions too frequently,"
"People in higher positions should avoid social interac-
tion with people in lower positions," "People in lower



positions should not disagree with decisions by people in
higher positions," and "People in higher positions should
not delegate important tasks to people in lower positions."

Subsequently, the participants been asking about the
following questions and rate the 5 points scale Likert
chart. Participants were instructed to read an imaginary
scenario in which they were shopping for a T-shirt in

a luxury store. The scenario was adapted from (Pino

et al., 2019). The questions include “How visible is the
T-shirt’s logo?”, anchored at the extreme by “Not vis-
ible at all” and “Extremely visible”; “Do you think this
logo attracts attention?”, anchored at the extreme by
“Not at all” and “attract a lot attention”; “The logo

on the shirt is perceived with privilege?” anchored at
the extreme by “Not at all” and “a lot of privilege”;

“The logo on the shirt is perceived with social status?”,
anchored at the extreme by “Not at all” and “a lot of
social status”; finally, the direct question been ask “How
conspicuous the logo is?”, anchored at the extreme

by “Not conspicuous” and “really conspicuous”.

Result and discussion

An ANOVA test reveals the main effect of cultural authen-
ticity in CDLB’s logo and its correlation with conspicuous-
ness. The result (M(‘_onsp\cuousness'\uw CA=2'32’ MConsp'\cuousness—high cA
=3.44, F (1192) = 7.33, p < 0.014, see Figure 2) shows the
significant difference in high and low cultural authentici-
ty, means the positive correlation with conspicuousness.
The result supports the H1, the higher cultural authen-
ticity in CDLBs’ logo, the less conspicuousness.

» Figure 2: Experiment 1 result

Experiment 2
Procedure

Based on the experiment 1, the experiment 2 examines
the conspicuousness and purchase intention, meanwhile,
examining the mediating effect of power distance belief.
Initially, participants were asked to respond to questions
related to their belief in power distance, using a five-item
Likert scale that ranged from 1 ("strongly disagree") to 5
("strongly agree"). The questions used to measure belief
in power distance consisted of five items, which were
presented using a Likert scale ranging from 1 ("strongly

disagree") to 5 ("strongly agree"). These items included
statements such as "People in higher positions should
make most decisions without consulting people in lower
positions," "People in higher positions should not ask the
opinions of people in lower positions too frequently,"
"People in higher positions should avoid social interac-
tion with people in lower positions," "People in lower
positions should not disagree with decisions made by
people in higher positions," and "People in higher
positions should not delegate important tasks to people
in lower positions.”

Additionally, participants' purchase intention was mea-
sured using three items, including "l would purchase one
of the wallets in the store," "l would consider buying a
T-shirt from this store," and "The probability that | would
consider buying a T-shirt from this store is high." All items
were measured on a five-point Likert scale that ranged
from 1 ("strongly disagree") to 5 ("strongly agree")

(Deng & Wang, 2020).

Result and discussion

One way ANOVA test reveal the result that incon-
spicuousness is positively correlated to purchase
intention (PI) Of CDLBs (MPI—H\gh Conspicuuusness:3'17’ MP\—LOW
conspicvouness = 403, F (1187) = 5.81, p < 0.03, see Fig-
ure 3). Therefore, the hypothesis H2a is supported.

A mediation analysis was conducted to examine whether
power distance mediates the relationship between
inconspicuousness and purchase intention of Chinese
luxury brands. The results of the regression analyses
indicate that there was a significant negative direct
effect of inconspicuousness on purchase intention for
high power distance consumers (f =-.40, p <.05), and a
significant positive direct effect for low power distance
consumers (B = .60, p <.001).

This suggests that high power distance consumers have
lower purchase intention when the brand logo is incon-
spicuous, whereas low power distance consumers have
higher purchase intention under the same condition. A
bootstrap analysis revealed that the indirect effect of
inconspicuousness on purchase intention through power
distance was also significant (ab =-.07, 95% Cl [-.12,-.03]).

Furthermore, the total effect of inconspicuousness on
purchase intention was also significant (c = .20, p <.05).
However, when power distance was included as a medi-
ator in the model, the direct effect of inconspicuousness
on purchase intention for high power distance consum-
ers was further reduced (c' =-.10, p > .05), suggesting
partial mediation by power distance. Based on the result,
H2b hypothesis is also supported.

As per the study results, power distance belief plays a
partial mediating role in the association between incon-
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spicuousness and purchase intention of Chinese luxury
brands. The findings suggest that high power distance
consumers show lower purchase intention when the
brand logo is inconspicuous, while low power distance
consumers exhibit higher purchase intention under the
same circumstances.

» Figure 3: Experiment 2 main effect

Experiment 3
Procedure

The experiment 3 examined the cultural authenticity
relation brand trust. The experiment 3 also applied with
5 scale Likert questionnaire that ranged from 1 ("strongly
disagree") to 5 ("strongly agree").

The questions included “How likely would you be to
recommend the brand to your peers and colleagues?”
“How likely would you be to discuss about the brand
with your peers and colleagues?” and “Do you believe
that the brand would be trustworthy?”.

Result and discussion

The results indicated a significant positive correlation
between cultural authenticity and brand trust, F(1,194) =
33.56, p <.001, n% = .148. Post-hoc analyses showed that
there were significant differences in the mean scores for
brand trust between the low cultural authenticity group
(M =3.08, SD = 0.83) and the high cultural authenticity

group (M =4.06, SD = 0.71), t (194) = 6.73, p < .001, d = 0.95.

Participants in the high cultural authenticity group were
significantly more likely to recommend the brand

(M =4.21,SD = 0.68) and discuss it with their peers and
colleagues (M = 3.95, SD = 0.78) compared to those in
the low cultural authenticity group (recommend:

M =3.31,SD = 0.76, t (194) = 815, p < .001, d = 1.15; dis-

cuss: M = 2.86, SD = 0.89, t(194) = 917, p < .001, d =1.29).

In summary, the results of this study indicate that
Chinese domestic luxury brands that score high on cul-
tural authenticity are viewed as more trustworthy by
consumers. These brands are also more likely to be rec-
ommended and discussed among peers and colleagues,
compared to those with low cultural authenticity scores.
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Discussion

The aim of research was to find how the cultural
authenticity of CDLB’s logo will influence of the purchase
intention. And the three experiments were conducted
and shown the positive impact of cultural authenticity
on purchase intention.

Conclusion

The results of the three experiments confirm the
significance of including cultural authenticity in CDLBs'
logo design, as evidenced by its positive impact on
both purchase intention and brand trust. The find-
ings suggest a direct and positive correlation between
cultural authenticity and inconspicuous branding, as
well as brand trust. Moreover, the results validate

the mediating effect of power distance belief on the
relationship between inconspicuous branding and
purchase intention. As such, this study offers both
practical and theoretical contributions to the field.

Theoretical contribution

This study makes several important theoretical contribu-
tions. Firstly, it is the first research to examine the impact
of cultural authenticity in visual elements on the pur-
chase intention of Chinese domestic luxury brands. While
previous research has focused on the effect of different
languages on foreign branding, decision-making, and
brand trust (Portal, Abratt & Bendixen, 2019; Southworth,
2019), little attention has been paid to the role of cultural
authenticity in consumer behavior research. This study
addresses this gap and provides insights into why Chinese
consumers, particularly those with low power distance,
are more drawn to logos with high cultural authenticity.

Secondly, the study contributes to the existing signaling
theory, particularly in the context of marketing and logo
design. While previous studies have confirmed the posi-
tive impact of cultural authenticity on purchase intention
in Chinese time-honored brands like restaurants (Song

& Kim, 2022), this study demonstrates that cultural
authenticity also influences inconspicuousness and
brand trust. The study shows that the signaling theory
can effectively explain how consumers perceive cultural
authenticity in Chinese domestic luxury fashion brands.

Thirdly, the study sheds light on the mediating effect of
power distance belief. The results suggest that power dis-
tance belief acts as a mediator and has an indirect effect
on purchase intention. Therefore, the study highlights
the importance of aligning signals with the characteristics
of signalers, such as power distance beliefs. Additionally,
the study analyzes conspicuousness in emerging markets
and emphasizes that conspicuous brand marking as a
marketing tactic remains relevant in such markets.



However, the study also suggests that CDLBs can
apply inconspicuous strategies even in emerg-
ing markets like China. Thus, the study pro-
vides a contextual contribution to the field.

Practical contribution

The study's findings have significant marketing impli-
cations for Chinese luxury brand marketers, as they
need to tailor their brand marketing communication
strategies based on their target market. While previous
research has indicated that Chinese domestic luxury
brand marketers should incorporate Chinese tradition-
al elements in their clothing and product designs, this
study highlights the importance of incorporating these
elements into logo design as well. By doing so, brands
can enhance brand trust and inconspicuousness, which
are critical factors that influence purchase intention.

Moreover, luxury brand marketers need to consid-
er their brand strategy and align it with consumers'
power distance beliefs, as suggested by Kim & Zhang
(2014). Marketers can use segmentation and profiling
techniques to identify and engage with high power
distance belief consumers effectively. However, mar-
keters also need to be cautious about applying cul-
tural authenticity in their logos as consumers' power
distance beliefs may affect their purchase intention.
Higher power distance individuals may have lower
purchase intention for inconspicuous luxury brands
that incorporate cultural authenticity in their logos.

Therefore, this study highlights the importance of
understanding the target market and using a nuanced
approach to brand marketing communication strat-
egies to achieve desirable outcomes for Chinese
domestic luxury brands. By doing so, marketers

can effectively engage with their target market and
improve brand image, trust, and purchase intention.

Limitation and future
research direction

The study has made progress in advancing the under-
standing of the concept of cultural authenticity and its
impact on purchase intention of CDLBs. The first limita-
tion is the research only consider the Chinese market,
but exclude the participants from different countries, i.e.,
United States, since these counties have different pur-
chasing behaviour. Furthermore, the individuals from the
different cultural environment be considered as different
signal receivers, therefore, the future study can extend
this research, as well as signaling theory by investigating
the different cultural background. Secondly, the future
study can also examine the visual complexity and how it
impacts CDLBs’ logo, since various studies suggest that
Chinese traditional elements usually come with more
complex visual appearance, therefore, visual complexity

might be one of the factors that influence how individual
perceives the brand as well as the purchase intention of
CDLBs. This research and pervious literature also state
the rise of inconspicuous consumption in China, how-
ever, the future study can also investigate into specific
segment of CDLBs, for example, jewelry, cosmetic or
furniture. Moreover, the future study can also examine
what segment of CDLBs is having better response when
applying cultural authenticity in their brand logo.

Certainly, addressing these pressing queries would be a
valuable contribution to the study of luxury goods con-
sumption, cultural authenticity and purchase intention.
By investigating these questions, researchers and mar-
keters could gain a deeper understanding of how cultural
authenticity affects consumer behavior and purchasing
decisions, which could lead to more effective marketing
strategies and better outcomes for Chinese domestic
luxury brands. The methodology employed in this study
is not without limitations. For instance, the experiments
conducted did not incorporate diverse Chinese tradition-
al elements in the logotypes.

Therefore, future research endeavors should be
designed with a broader range of features to address
this aspect. Furthermore, future studies can expand
the application of the logo to various scenarios,

such as handbags, watches, and store signage. This
is particularly relevant as these scenarios have been
examined in previous research endeavors. By explor-
ing the logo's effectiveness and impact in diverse
contexts, a more comprehensive understanding can
be gained as well (Zheng, Shanat & Kanyan, 2022).

Furthermore, future studies could benefit from
incorporating a greater diversity of survey locations.
Rather than solely focusing on the top five cities, it
would be advantageous to include cities that possess
significant potential for luxury consumption, such as
Chengdu. Additionally, expanding the inclusion crite-
ria to encompass a wider range of age groups would
enhance the comprehensiveness of the research.
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Enhancing accessibility of Thai
government mobile applications
through effective use of typefaces,
type sizes, and colour contrast:

A technical review

ABSTRACT

This study reviewed the legibility of Thai typefaces, type sizes, and co-

lour contrast in mobile applications provided by Thai government offices.
Although the Electronic Government Agency (Public Organization) (EGA)

has introduced the Government Website Standards and Government Mobile
Application Standards, these standards need to cover the design of Thai
typographical concerns such as legibility and visibility in great detail. This
study aimed to identify typographical issues that may arise in these mobile
applications and gain a deeper understanding of the subject matter. The
findings of this study could lead to future investigations that provide a better
understanding of the topic and contribute to the development of appropriate
standards and legislation. We conducted an in-depth analysis of Thai Govern-
ment mobile applications on Android focusing on public service areas. Using
a smartphone to take screenshots and a vector graphics design program to
measure physical type sizes based on the Bo Baimai height measurement,
we measured the use of typefaces, type sizes, and colour contrast to ensure
accessibility to all users. Additionally, we used a colour contrast analyser
application to measure colour contrast and ensure accessibility to all users.
Our study provides insights to improve user experiences with these applica-
tions and highlights that Thai web and mobile standards lack suitable fonts
and sizes. We identified two main categories of Thai typefaces: conventional
text fonts and Roman-like Thai fonts. Most Thai mobile applications used
letter sizes bigger than 1.2 mm in Bo Baimai height, but some used smaller
sizes, which could be worse for reading. The smallest type sizes for body text
ranged from 1 to 1.7 mm. Regarding contrast ratios, we found that regular
text in selected mobile applications did not meet the Web Content Accessibili-
ty Guidelines (WCAG) 2.1 enhanced contrast requirement of a 7:1 ratio. How-
ever, some contrast ratios for large text met the 4.5:1 requirement. Some
regular text with a 4.5:1 contrast ratio requirement passed the WCAG 2.1
minimum contrast test, whereas some large text with a 3:1 contrast ratio re-
quirement also met the criteria. Our study suggests the need for developing
better standards and regulations for Thai fonts, sizes, and colour contrasts in
mobile applications to ensure accessibility for all users.
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Background

Mobile applications have become indispensable to our
lives, offering unprecedented convenience and efficiency.
From communication to entertainment, shopping to
banking, mobile applications have transformed how

we access information and services. These applications
have revolutionised the way we communicate, enabling
us to stay connected with our loved ones through mes-
saging applications, irrespective of our location. More-
over, mobile applications have significantly impacted
education, providing students with interactive and
engaging learning experiences that enhance their skills
and knowledge.

Mobile applications have also expanded to the public
sector, including government services, providing citizens
with fast and efficient access to government services

and information. Mobile government applications have
transformed how citizens interact with their government,
empowering them to participate in civic engagement
and decision-making processes. These applications have
enabled citizens to pay taxes, renew licenses, report
issues, access public records, and receive alerts and
notifications from their government.

Furthermore, mobile government applications have
enhanced the quality of government services, enabling
government agencies to respond promptly to citizens'
needs and efficiently manage public resources. They
have also increased transparency and accountability,
allowing citizens to monitor government activities and
hold public officials accountable. Mobile government
applications have contributed significantly to the dig-
ital transformation of government services, making
them more efficient, accessible, and citizen-centric.

Although the Thai government has taken steps to
encourage universal design policies (Office of the Nation-
al Economic and Social Development Council, 2016,
p.148), more focus still needs to be on inclusive typog-
raphy principles. Although universal design is a multi-
disciplinary approach, architectural and environmental
design have been given more attention than other design
disciplines. After reviewing guidelines from Thai gov-
ernment departments and organisations and research
from experts, including the Department of Packaging and
Materials Technology, Faculty of Agro-Industry, Kasetsart
University (n.d.), National Office for Empowerment of
Persons with Disabilities (n.d.), Office of the Higher
Education Commission (2013), Office of Transport and
Traffic Policy and Planning (2015), The Association of
Siamese Architects Under Royal Patronage (2014) and
research by Sawangjaroen, Emphandhu & Kulachol
(2017), it was found that there should be more specific
principles for inclusive design regarding Thai typography
because the current guidelines are outdated and based
on old general principles or foreign research.
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There is a need to pay more attention to the importance
of inclusive design and self-knowledge expansion in
this area.

Regarding typography, legibility and readability are
crucial factors to consider. After all, only some have
perfect eyesight, whether they wear glasses or not.
This is why typographers must consider reading efficacy
when choosing letterforms or typefaces. The legibility
of a font can significantly affect how easy it is to read
(Noel, 2015; Slattery & Rayners, 2009), which is why

it is so important to invest time and resources into

the development of typography in every language.

Unfortunately, the legibility of fonts has not been exten-
sively researched in Thailand, which poses a challenge for
visually impaired individuals and the ageing population.
More data is needed to recommend optimal Thai letter-
forms suitable for low-vision or general readers. Although
some scientific studies have examined Thai letterforms
(Rattanakasamsuk, 2013; Teeravarunyou & Laosiri-
hongthong, 2003; Waleetorncheepsawat et al., 2012),
they have yet to discuss or suggest design practices for
improving legibility. These studies have evaluated which
typeface or type size was more legible but have yet to
provide in-depth explanations of aspects of letterforms
that influence recognition under tested conditions.

When it comes to design, the focus should always be
on the people interacting with the product. It is about
creating something that looks good and ensuring that it
meets the user's needs and elicits a positive response
(Frascara, 2015). One crucial aspect of communication
design is inclusive typography, which can help visually
impaired individuals continue reading even when their
visual acuity is low (Ompteda, 2009). By incorporating
principles of inclusive typography, designers can create
accessible products for a broader range of people.

Awan et al. (2021) have identified several barriers to
smartphone application usage, categorised into five
distinct categories: sensory function, cognition, motor
skills/impairment, mental model, and financial limitation.
According to their research, sensory function-related
issues, such as small font size, screen size, font type,
buttons, and colour contrast, were found to be the most
commonly reported barriers to the usability of web and
smartphone applications. Awan et al. (2021) also dis-
covered that these sensory function-related issues had
the highest critical value among the identified barriers.

Typefaces are an essential aspect of mobile application
design. It is an important decision because it guarantees
users can easily read the text on their devices. Fur-
thermore, the type sizes are uniform and well-suited
throughout the applications, making them simple to navi-
gate. Colour contrast is also a crucial factor to consider
when designing mobile applications.



Using contrasting colours guarantees that vital
components such as buttons, headings, and

text are noticeable on the screen. This enhanc-

es usability and ensures that users can rapidly and
effortlessly locate the required information.

According to Serra et al. (2015), it is of utmost impor-
tance to evaluate the accessibility of mobile applications
in e-government and m-government to identify accessi-
bility issues that require immediate attention. Established
methods of evaluations in the field of Human-Computer
Interaction, such as tests with target users or accessibility
audits conducted by experts using heuristics or guide-
lines, can be employed for performing accessibility evalu-
ations (Serra et al., 2015).

Despite the fact that accessibility audits with guidelines
can only address some of the challenges that disabled
users may face (Power et al., 2012), they remain valuable
in identifying common issues that can be avoided (Serra
et al,, 2015). The insights gained from these evaluations
can help to improve the accessibility of mobile applica-
tions, which is crucial for creating inclusive technology.

According to WCAG 2.1 Understanding Docs, in minimum
contrast (AA), text (including image of text) has a contrast
ratio of at least 4.5:1 for regular-size text and at least 3:1
for large-scale text (at least 18 points/24 pixels or bold
and at least 14 points/18.5 pixels) unless the text is purely
decorative (World Wide Web Consortium: W3C, 2016a;
World Wide Web Consortium: W3C, 2022a; World Wide
Web Consortium: W3C, 2023a). For enhanced contrast
(AAA), text (including image of text) has a contrast ratio
of at least 7:1 for regular-sized text and at least 4.5:1 for
large-scale text (at least 18 points/24 pixels or bold and at
least 14 points/18.5 pixels) unless the text is purely deco-
rative (World Wide Web Consortium: W3C, 2016b; World
Wide Web Consortium: W3C, 2022b; World Wide Web
Consortium: W3C, 2023b).

Despite the efforts made by the Electronic Government
Agency (Public Organization) (EGA), Thailand has introduced
the Government Website Standards (EGA, 2012; EGA, n.d.)
and Government Mobile Application Standards (EGA, 2015).

However, these standards need to cover the design of
Thai typographical concerns such as legibility and visibil-
ity in great detail. Further attention should be given to
this aspect to ensure an optimal user experience for
Thai readers.

For this reason, the current study aimed to reveal and
review issues with Thai typefaces, focusing on typeface
classifications, type sizes, and colour contrast used in
Thai government mobile applications. This study will con-
tribute to an awareness of the problems that may inspire
future studies of the development of Thai government
mobile applications based on positive typographic design.

Method

When evaluating the accessibility of mobile applications,
two primary methods are generally accepted.

The first method involves assessing the application
against a checklist of accessibility guidelines through
either manual inspection by accessibility experts (Niel-
sen, 1993; Nugroho, Santosa & Hartanto, 2022; Serra et
al., 2015) or by using automated tools (Ross et al., 2020;
Silva, Eler & Fraser, 2018). This method can be comple-
mented by using disability simulation software (Choo,
Balan & Lee, 2019). However, it should be noted that
such simulations may produce only partially accurate
results (Tigwell, 2021).

The second method involves user-centred evaluation,
where end-users test the software (Grellmann et al.,
2018; Nugroho, Santosa & Hartanto, 2022).

Arias et al. (2022) have proposed an approach that
involves examining user reviews to determine the
accessibility status of applications. User reviews
can be valuable in revealing how accessible the
application is perceived to be by end-users.

Eler et al. (2018) identified two approaches to performing
mobile accessibility testing: manual testing and automat-
ed tools. Manual testing involves meticulously exploring
and inspecting the application, as well as checking every
user interface component. Google offers two practical
tools for this purpose- the Ul Automator (Google for
Developers, 2024a) and the Accessibility Scanner (Goo-
gle, 2024; Google Play, 2023). However, the manual
approach may need to be more efficient for larger appli-
cations or frequent testing. In such cases, developers
may rely on tools like Lint (Google for Developers,
2024b), Espresso (Google for Developers, 2024c), and
Robolectric (Robolectric, 2023) to partially automate
accessibility testing tasks. While Lint can only scrutinise
static properties that stem from the source code, testing
frameworks such as Espresso and Robolectric can
dynamically examine accessibility properties during test
execution. Notably, comparable tools exist for iOS, such
as Earl-Grey (GitHub, 2024a) and KIF (GitHub, 2024b).

The current study focused on identifying and examining
issues regarding Thai typefaces, specifically typeface
classifications, type sizes, and colour contrast used in
Thai government mobile applications. The study aimed
to raise awareness about the problems that might need
a more in-depth investigation in future research. To
achieve this, simple technical methods were employed
to determine type sizes and colour contrast in the Thai
government mobile applications. While this approach
may require more time and attention to detail than
automated tools, it could provide valuable insights

that will be useful in addressing the identified issues.
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Survey for Thai Government
Mobile Applications

The present study focused on the Thai government
mobile applications available on Android. We carefully
selected a range of applications covering public service
areas such as health care, taxes, essential utilities, and
more. Our sample of applications was compiled from the
offices of the Thai government, and we have provided a
detailed overview in Figure 1and Table 1.

These applications are readily accessible to the public,
and we believe they can offer valuable and convenient
resources to Thai citizens.

Measurement of Type Sizes on Thai
Government Mobile Applications

We took screenshots of each selected mobile applica-
tion's user interface (Ul) using a smartphone (Infinix Zero
5G 2023) to measure the physical type sizes used on Thai
government mobile applications.

This smartphone has a resolution of 1080 x 2460 pixels
and is displayed on a screen diagonal of 6.78 inches, with
a screen width of 2.7300 inches and a screen height of
6.2158 inches. This screen size of 6.78 inches is consid-
ered to have a large screen (Samsung, 2024).

We set the font size on the screen display to the larg-
est option. After taking the screenshots, we imported
them into Adobe lllustrator 2021. We resized them
from 1080 x 2460 pixels to 196.560 x 447.538 pixels so
that the sizes of the resized images would conform to
the physical screen size of 2.7300 x 6.2158 inches.

Various studies included in this review provided recom-
mendations for font size, with inconsistent use of metric
systems. However, the most common metric used was
"points." For instance, in their studies, Chatrangsan &
Petrie (2019), Darroch et al. (2005), Hou et al. (2020),
Kong et al. (2011), Lege et al. (2013), Wang et al. (2009),
Yeh (2015), Yeh (2020), and Ziefle (2010) all employed
points as their unit of measurement for font size.

Other studies used pixels (Hou et al., 2020; Wang et al.,
2009), millimetres (Fujikake et al., 2007; Hasegawa et

al., 2009; Hou et al., 2020; Punsongserm, 2019; Pun-
songserm, 2020; Punsongserm, Sunaga & Ihara, 2017a;
Punsongserm, Sunaga & lhara, 2017b; Punsongserm, Sun-
aga & lhara, 2018a; Punsongserm, Sunaga & lhara, 2018b),
or arcminutes of visual angle (Hasegawa et al., 2009;
Punsongerm, 2023; Punsongserm & Suvakunta, 20223;
Punsongserm & Suvakunta, 2022b) to indicate font size.

To ensure inclusive communication with a diverse range

of readers across various fields, we recommend utilising
all metric systems with conversions for font size.
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» Figure 1: Examples of selected Thai government mobile
applications

The point size measurement is typically used to deter-
mine the font size unit of a typographic design.

However, it is essential to note that different typefaces
composed in the same point size can affect the size of
the x-height. According to Legge & Bigelow (2011, p.19),
measures of x-height provide a convenient metric that is
familiar to both typographers and vision researchers.

Similarly, Punsongserm, Sunaga & lhara (2017a) used Bo
Baimai height measurements to define Thai-type sizes in
their study. This method provides normalisation by the
character's height /U/ (Bo Baimai) and accurately regu-
lates the equalisation of character heights within

any font.

As a result, we have also adopted the Bo Baimai height
measurement (Punsongserm, 2019; Punsongserm, 2020;
Punsongserm, Sunaga & Ihara, 2017a; Punsongserm, Sun-
aga & lhara, 2017b; Punsongserm, Sunaga & lhara, 2018a;
Punsongserm, Sunaga & lhara, 2018b; Punsongserm &
Suvakunta, 2022a; Punsongserm & Suvakunta, 2022b)

in millimetres and pixels to measure the physical type
sizes used on Thai government mobile applications.



Table 1

List of selected Thai government mobile applications

No. | Application Name Category

Provider

1 V]'lﬁg (Thang rath)
Version 2.5.0

Government Services

Digital Government Development Agency, Thailand
(https://play.google.com/store/apps/
details?id=th.or.dga.citizenportal)

2 ThalD Version 2.4.0 Government Services

The Bureau of Registration Administration
(https://play.google.com/store/apps/
details?id=th.go.dopa.bora.dims.ddopa)

3 | RDU 51384981 Version 1.5.9 Medicine

Digital Government Development Agency, Thailand
(https://play.google.com/store/apps/details?id=com.uhosnet)

4 Clicknic Version 3.4.14 Medical Services

Clicknic Institute of Disease Prevention and Control (SorBor-
Mor.), Office of Health Promotion Fund (SorSor.) Thammasat
University Chalermprakiet Hospital
(https://play.google.com/store/apps/
details?id=co.clicknic.clicknicandroid)

s | vuewiau (Mor Prom)
Version 1.2.1

Medical Services

Ministry of Public Health
(https://play.google.com/store/apps/
details?id=com.mor.promplus)

6 | Aumguanigeeny

Department of Health (Thailand)

: Health Care (https://play.google.com/store/apps/
(Bluebook) Version 2.8.2 details?id=com.moph.anamai.bluebook)
Department of Health (Thailand)
7 ANAFUAIN (Smud Health Care (https://play.google.com/store/apps/

Sukhaphap) Version 2.0.0

details?id=th.go.moph.anamai.healthbook)

8 MyMo by GSB Version 2.15.0 Finance & Bank

Government Savings Bank
(https://play.google.com/store/apps/
details?id=com.mobilife.gsb.mymo)

9 | 10169 (Paotang) Version 12.4.1 | Finance & Utility

Krungthai Bank PCL.
(https://play.google.com/store/apps/
details?id=com.ktb.customer.qr)

10 RD Smart Tax Version 3.3.0 Revenue

The Revenue Department
(https://play.google.com/store/apps/
details?id=com.revenuedepartment.app)

1 | m©ldlnu (Phasi pai

. ) Government Spending
Nai) Version 2.3.2

Digital Government Development Agency, Thailand
(https://play.google.com/store/apps/
details?id=th.or.ega.spending)

12 PDMO Version 2.7.6 Public Debt

Public Debt Management Office
(https://play.google.com/store/apps/
details?id=com.zealtech.pdmo)

13 | PEA Smart Plus Version 3.2.11 Public Utility: Elec-

Provincial Electricity Authority
(https://play.google.com/store/apps/

tricity Authority details?id=com.esrith.pea_mobile)
N Provincial Waterworks Authority
14 | PWA Plus Life Version 3.5.2 Public Utility: (https://play.google.com/store/apps/
o Water Supply ' ) )

details?id=th.co.pwa.pwamobile)

In the field of vision science, Swearer (2018) postulated
that visual angle is an essential metric that plays a
significant role in indicating the size of visual stimuli
without explicitly stating their distance or size. Addition-
ally, the visual angle can be used to express intraocular
dimensions, predict the space an image will subtend

on the retina, and describe the relative location of
separate retinal images. Moreover, the visual angle

is employed to specify the size of spatial frequency
gratings. The visual angle, as Swearer (2018) explains,
originates from incoming light rays at the nodal point of

the eye and is dependent on multiple factors, such as
the size of the stimulus, its distance from the observer,
and whether or not it is viewed in the frontal plane. In

a simplified model, the visual angle is formed from the
light rays from two points of a viewed object, in height,
width, or depth, as they enter the eye and is proportional
to the angle projected onto the retina. Consequently, the
subtended image's size is determined by the visual angle.
When an object is viewed at different distances, it will
have different retinal sizes, as similarly sized objects
viewed at different distances.
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De Valois & De Valois (1988) and O'Shea (1991) discov-
ered that objects of varying sizes can appear to have the
same visual angle if they are situated at appropriate
distances from the observer. This phenomenon has
significant implications for visual perception and must be
taken into account when designing and conducting
experiments in the field of visual cognition.

According to Swearer (2018), the expression of visual
angle subunits is measured in minutes and seconds of
arc. A degree is equivalent to 60 arcmin, and an arcmin
is equivalent to 60 arcsec. In calculating visual angle (8),
the geometrical formulas are crucial in relating visual
angle, size, and distance. These formulas are based on
the size of the stimulus object (SO) at a specified view-
ing distance (DO), among other factors. Additionally,
the retinal image size (Si) is dependent on an average
image distance (Di) of 77 mm from the lens of the eye to
the retina. As stated by Swearer (2018), the calculation
for visual angle is expressed as 6 = 2 arctan(SO/2DO).
However, for visual angles smaller than 10°, the cal-
culation can be simplified to 8 = arctan(S0/DO0).

As part of the present study, we have not only conducted
measurements of physical sizes (Bo Baimai height) of
type sizes across various Thai government mobile appli-
cations but have also calculated the visual angles that
would be perceived based on these measurements. To
maintain consistency and accuracy, we defined the view-
ing distance as 40 cm, which aligns with the traditional
near point for optometric examinations and is a typical
reading distance for paper media (Boccardo, 2021).

Figure 2 presents the formula for calculating the visual
angle of Thai letterforms, accompanied by a practical
example. Assuming that we have to compute the visual
angle for Bo Baimai with a height of 1.5 mm and a view-
ing distance of 40 cm (400 mm), we can apply the spec-
ified values in the formula (Step 1). This would lead us
to the computation of 2 - arctan(0.001875) (Step 2). The
arctan of 0.001875 is equivalent to 0.10742946069325°
(Step 3). Consequently, we can discern that the visual
angle of Bo Baimai's height of 1.5 mm, viewed from a
distance of 40 cm, is 0.2149° (Step 4).

» Figure 2: Formula and examples for Thai letterforms’
visual angle calculation
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Measurement of Colour Contrast on
Thai Government Mobile Applications

Numerous tools are available that can assist in checking
colour contrast on digital screens. These applications are
readily accessible via web browsers. Prominent examples
include the Color Contrast Checker developed by the
Institute for Disability Research, Policy, and Practice
(WebAIM, 2024), the Contrast Checker by Adobe (Adobe,
2024), and the APCA Contrast Calculator by Myndex
Research (Myndex, 2024).

Alternatively, individual contrast checker tools can be
installed on Windows and Mac operating systems, such
as the Colour Contrast Analyzer (CCA) provided by TPGi
(TPGi, 2023). Additionally, mobile contrast checker tools
are also accessible. The A11Y: Audit + Color Contrast app
by Accessible Resources Ltd (Accessible Resources, 2024)
and the Accessibility Scanner app by Google (Google
Play, 2023) can be employed for this purpose. These
applications mentioned above are designed to comply
with the feature compliance indicators for WCAG.

In our current study, we utilised the CCA version 3.2.1
developed by TPGi (TPGi, 2023) to measure the colour
contrast of screenshots of selected Thai government
mobile applications (as seen in Figure 3). This appli-
cation is designed to meet the feature compliance
indicators for WCAG 2.1 (World Wide Web Consortium:
W3C, 2018), which is crucial for ensuring accessibili-

ty to all users. As a part of our analysis, we used this
application to assess the colour contrast of foregrounds
(texts) and backgrounds on selected Thai government
mobile applications that were imported into Adobe
Illustrator 2021 after the procedure of type size mea-
surement was completed (see the previous topic).

To provide a brief and precise summary of the
research conducted, we have incorporated a diagram
in Figure 4. This diagram encapsulates an array of
activities that were carried out during the study

Results and Discussion

According to Table 1, some Thai government mobile
applications are equipped with a feature that prevents
users from taking screenshots. After examining the data,
we have identified four such applications that offer this
protection: ThalD, MaN5aU (Mor Prom), MyMo by GSB,
and LU (Paotang).

This is an essential feature for those concerned about
privacy and security while using these applications.

It is reassuring that these applications are taking steps
to protect their users this way; however, we could not
measure these mobile applications' type sizes and
colour contrasts.



» Figure 3: User interface of CCA version 3.2.1

Regulations and Standards

In accordance with Strategy 6, Stratagem 6.5 of the Infor-
mation and Communication Technology Policy Frame-
work 2011-2020, fostering online learning communities
and promoting solid social integration is imperative. The
EGA has established the Government Mobile Applica-
tion Standard Version 1.0 to comply with the gove-
rnment's framework.

» Figure 4: Activities conducted in the present study

This standard ensures that mobile application devel-
opment meets technical standards and requirements,
including personal data protection and security
protocols (EGA, 2015). However, it is important to
note that the Thai Government Mobile Applica-

tion Standard does not recommend appropriate

Thai typefaces and sizes for application users.

Use of Typefaces, Type Sizes,
and Colour Contrast on Thai
Government Mobile Applications

Typefaces

After conducting our initial survey of Thai government
mobile applications, we delved deeper into the fonts
used in these applications. Our analysis revealed two
main categories of Thai typefaces: Thai conventional
text fonts and Roman-like Thai fonts, as depicted in
Figure 5. To illustrate our findings further, we compiled
a table (Table 2) that showcases the typefaces used in
each selected Thai government mobile application.

Table 2 shows that the ‘VIN%E (Thang Rath) application
is the only one to have used a Thai conventional text
typeface exclusively for words and texts. In contrast,

the amqmmwpﬁqqmq (Bluebook), #YAGUNINW (Smud
Sukhaphap), RD Smart Tax, and PEA Smart Plus applica-
tions have used Roman-like Thai typefaces. Some other
applications have mixed two typeface categories for
their words and texts. It is important to note that no
regulations or standards in Thailand dictate the proper
typeface for screens or mobile devices. However, Thai
conventional text fonts are crafted with expert precision,
featuring distinct letter elements that make them easily
identifiable to readers. These elements, such as the line,
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first loop, tail, second loop, foot, beak, limb, and core,
are meticulously designed, as Punsongserm, Sunaga &
Ihara (2017a) pointed out. In contrast, Thai fonts that
resemble Roman or Latin letterforms often overlook or
ignore these unique features, according to Punsongserm,
Sunaga & lhara (2018c). This contrast underscores the
importance of selecting the right font for effective com-
munication in the Thai language, ensuring that all read-
ers can easily understand and comprehend the content.

» Figure 5: Examples of typefaces used in selected Thai
government mobile applications

Table 2

Note

Left: Thai conventional text fonts displayed in the RDU
iL%ENEJ’] application.

Right: Roman-like Thai fonts displayed in the &3jf
qmmwﬁqqmq (Bluebook) application.

In a study on Thai fonts conducted by Kamollimsakul,
Petrie & Power (2014a), using a conservative font, a

Thai conventional text font, is more efficient and leads
to quicker reading on web pages than a modern font,

a Roman-like Thai font. Interestingly, both younger and
older adults preferred conservative fonts over modern
ones. Later, Punsongserm, Sunaga & lhara (2018c) ana-
lysed the legibility and visibility of general words using
two methodologies. The study included ten fonts com-
monly used in Thailand, including five conventional and
five Roman-like Thai fonts. The findings showed that Thai
conventional fonts were more readable than Roman-like
Thai fonts, and readers had fewer errors in identifying
single words and word strings, especially in low-illumina-
tion environments. In particular, using Roman-like Thai
fonts resulted in significantly more misread words than
Thai conventional fonts. These results suggest that when
it comes to legibility and visibility, Thai conventional
fonts are a better choice than Roman-like Thai fonts.

Furthermore, a recent study by Punsongserm & Suvakun-
ta (2022a) found that using Thai conventional text fonts
enhanced the readers reading Thai conventional fonts in
less time than Roman-like fonts. The study revealed that
readers of all ages had an easier time reading drug labels
with Thai conventional text fonts, especially Thai UD font.

Checklist of typefaces used in selected Thai government mobile applications

Used Typeface
L. Conventional Text Typeface Roman-Like Thai Typeface
No. | Application Name
Title, Subtitle, Body Title, Subtitle, Body
Heading Heading
1| ™35 (Thang Rath) N ) )
Version 2.5.0
2 RDU :?L%ENEJ’] Version 1.5.9 . . .
3 Clicknic Version 3.4.14 . . .
4 | ANAEUAMEGIDNY (Blue- | o o
book) Version 2.8.2
5 #UAFUNIW (Smud Sukhap- _ ° °
hap) Version 2.0.0
6 RD Smart Tax Version 3.3.0 - o o
5 | muldlwu (Phasi pai . . .
Nai) Version 2.3.2
8 PDMO Version 2.7.6 . . .
9 PEA Smart Plus Version 3.2.11 | - ° °
10 | PWA Plus Life Version 3.5.2 . . °
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Interestingly, the study also showed significant differenc-
es in reading times between younger and older partic-
ipants, with younger participants having faster reading
times and older participants having slower reading times.

These findings underline the importance of using easily
readable fonts, especially for crucial information such as
drug labels. Moreover, a further study by Punsongserm
& Suvakunta (2022b) indicated that conventional text
typefaces with distinctive key letter features have a
lower misreading in word accuracy compared to Roman-
like Thai fonts when reading drug label contents.

Type Sizes

After conducting an in-depth study on the mobile appli-
cations developed by the Thai government, we analysed
the size of the letters displayed. Our research used milli-
metre and pixel units to measure the characters' sizes.
We discovered that the smallest text size used in the
selected Thai government mobile applications was
approximately 0.6420 mm (1.8198 px) in Bo Baimai
height (PWA Plus Life application).

Table 3 presents the physical sizes and visual angles of
typefaces used in the selected mobile applications.

Based on the study conducted on mobile applications
such as VI']G%JE (Thang Rath), RDU i(%aqm, Clicknic, e
Ul (Phasi Pai Nai), PDMO, and RD Smart Tax, the
current study found that most of these applications tend
to use letter sizes bigger than 1.2 mm in Bo Baimai height
for words, phrases, and short sentences (Tables 3).

However, some applications like agaqmmw;ﬁqqmg
(Bluebook), @4ngVNIW (Smud Sukhaphap), PEA Smart
Plus, and PWA Plus Life used smaller font sizes of 1 mm
or less, as shown in Tables 3. It is important to note that
font size can affect the user experience, so choosing a
type size that is easy to read for all users is necessary.
Furthermore, for body text, the smallest type sizes used
ranged from 1to 1.7 mm in applications like RDU ilf%aﬁ&ﬂ,
Clicknic, RD Smart Tax, and aElulnu (Phasi Pai Nai).

The objects we see depend on distance. Several studies
have looked into the viewing distances of young adults
while reading a smartphone.

Table 3
Physical sizes and visual angles of typefaces used in Thai government mobile applications
Type Size (Bo Baimai Height)
Title, Subtitle, Heading Body
No. | Application Name Milli- Pixel Degree (°) Milli- Pixel Degree (°)
meter (Viewing Distance meter (Viewing Distance
=400 mm) =400 mm)
: ‘V]’N%Jg (Thang Rath) Min | 1.2860 3.6454 | 0.1842
Version 2.5.0 Max | 2.4350 | 6.9024 | 0.3488
5 RDU iL%ENEJ’] Min | 1.2870 3.6479 | 0.1843 Min | 1.0280 2.9128 | 0.1473
Version 1.5.9 Max | 2.2320 | 6.3265 | 0.3197 Max | 2.2430 | 6.3593 | 0.3213
Min | 1.2220 3.4636 | 0.1750 Min | 1.6670 4.7254 | 0.2388
3 | Clicknic Version 3.4.14
Max | 3.0170 8.5519 | 0.4322 Max | 1.9260 5.4595 | 0.2759°
. aqummw%qamq Min | 8.3500 2.3659 | 0.1196
(Bluebook) Version 2.8.2 | max | 2.4260 6.8761 0.3475
s ARGV (Smud Min | 1.0250 2.9061 | 0.1468
Sukhaphap) Version 2.0.0 | Max | 4.6280 | 131188 | 0.6629
RD Smart Tax Min | 14130 | 41952 | 0.2024 Min | 13480 |3.8211 | 01931
6 )
Version 3.3.0 Max | 2.3100 | 6.5480 | 0.3309 Max | 1.6050 | 4.5496 | 0.2299
o  Dai Min | 1.2850 3.6435 | 01841
7 | Bl (phasi pai 16690 | 4.7310 | 0.2391
Nai) Version 2.3.2 Max | 2.5020 7.0923 | 0.3584
Min | 1.2860 3.6454 | 01842
8 | PDMO Version 2.7.6
Max | 3.9150 11.0984 | 0.5608
PEA Smart Plus Min | 1.0330 |2.9268 | 01480
9 )
Version 3.2.11 Max | 3.5300 | 10.005 | 0.5056
PWA Plus Life Min | 64200 |1.8198 | 0.0920
10 ,
Version 3.5.2 Max | 2.9500 | 8.3631 | 0.4226
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Long et al. (2017) found that the mean viewing distance
over 60 minutes was 29.2 + 7.3 cm, with the viewing dis-
tance being significantly more significant during the first,
second, and fifth 10-minute periods than during the final
10-minute period. Yoshimura et al. (2017) reported that
the viewing distance of smartphones in a sitting position
ranged from 13.3 to 32.9 cm among participants, where-
as in the lying position, it ranged from 9.9 to 21.3 cm.

In addition, Panke et al. (2019) found that the viewing
distance for digital active tasks was found to be shorter
(29.3 £ 4.7 cm) compared to passive tasks (32.3 + 6.0
cm). Additionally, the study found that the viewing dis-
tance for digital passive tasks was shorter (32.3 + 6.0 cm)
compared to hardcopy passive tasks (34.4 + 5.9 cm).
Finally, Boccardo (2021) examined viewing distance in
presbyopic and nonpresbyopic age groups and found
that the average viewing distance was 36.1 £ 7.2 cm while
sitting and 37.4 £ 6.8 cm while standing. It is important
to note that the average viewing distance differed among
genders and age groups.

It is essential to consider the appropriate type size
when designing materials to be viewed by both young
and older adults. According to Santayayon, Pipitpukdee
& Phantachat (2011), the minimum Thai type size rec-
ommended for a viewing distance of 50 cm is 2 mm,
corresponding to a visual angle of 0.2292°. However,
if the viewing distance were to decrease to 45 cm,

40 cm,35cm, 30 cm, 25 cm, 20 cm, 15 cm, or 10 cm,
the corresponding visual angles would be 0.2546°,
0.2865°, 0.3274°, 0.3820°, 0.4584°, 0.5730°, 0.7639°,
and 1.1459°, respectively. It is important to remember
these conversions when designing materials to ensure
they are easily viewable for all intended audiences.

A drug label study conducted by Punsongserm &
Suvakunta (2022a) suggested that the optimal range of
type sizes for easy readability among readers of diverse
backgrounds may be between 1.3 and 2 mm in Bo Baimai
height for reading body text. The study further recom-
mended using larger sizes for headlines, subheads, and
text typed with Roman-like Thai typefaces.

From this, it can be safely assumed that using letter sizes
larger than 1.3 mm in Bo Baimai height can be highly
effective for screen-based reading for readers. However,
it is crucial to remember that the effectiveness of reading
also relies on the category of typefaces, thickness stroke,
letter spacing, and other factors. To improve mobile
application standards or guidelines, it is essential to
conduct further research to validate our assumptions.

At type size of 1.3 mm in Bo Baimai height, the viewing
distance of 50 cm, 45 cm, 40 cm, 35 cm, 30 cm, 25 cm,
20 cm, 15 cm, or 10 cm, the corresponding visual angles
would be 0.1490°, 0.1655°, 0.1862°, 0.2128°, 0.2483°,
0.2979°, 0.3724°, 0.4966°, and 0.7448°, respectively.
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Regarding optometric examinations, the traditional near
point is typically 40 cm (Boccardo, 2021). This distance is
commonly used for reading paper media. It corresponds
to a visual angle of 0.1862° at a minimum type size of 1.3
mm in Bo Baimai height. However, recent smartphone
viewing distance studies suggested that the mean
viewing distance over 60 minutes is 29.2 cm (Long et

al., 2017), with a corresponding visual angle of 0.2551°.
Additionally, when using smartphones in a sitting or lying
position, the farthest viewing distance is typically 32.9
cm or 21.3 cm (Yoshimura et al., 2017), with correspond-
ing visual angles of 0.2264° and 0.3497°, respectively. It
is also worth noting that the average viewing distance
for presbyopic and nonpresbyopic age groups is around
36—-37 cm when sitting or standing (Boccardo, 2021),
with corresponding visual angles of 0.2063° and 0.1992°,
respectively. These visual angles are similar to those
described in Santayayon, Pipitpukdee & Phantachat
(2011) (i.e., a visual angle of 0.2292°).

Lastly, Punsongserm & Suvakunta (2022b) recommended
a minimum Thai type size of 1.3—2 mm Bo Baimai height
for reading body text at viewing distances that provide
visual angles exceeding 0.200° to assure legibility

for readers.

Following the WCAG 2.1 Understanding Docs guidelines
(World Wide Web Consortium: W3C, 2022a; World Wide
Web Consortium: W3C, 2022b) is essential for text and
image contrast. This means that regular-sized text should
have a contrast ratio of at least 4.5:1. In contrast, the
larger text should have a ratio of at least 3:1 (at least 18
points/24 pixels or bold and at least 14 points/18.5 pix-
els). To better understand what this means in terms of
typeface, we can look at the cap height and x-height of
typefaces like Times New Roman, Arial, Helvetica, and
Univers. For example, at 14-point size, the cap height of
these typefaces ranges from 3.270 to 3.566 mm, where-
as the x-height ranges from 2.209 to 2.583 mm (Pun-
songserm & Suvakunta, 2022b).

Furthermore, we measured and found that at an 18-point
size, the cap height ranges from 4.204 to 4.585 mm,
whereas the x-height ranges from 2.841to 3.321 mm. By
keeping these measurements in mind, we can ensure
that our text is easily readable and accessible to all users.

A study conducted by Kamollimsakul, Petrie & Power
(2014a) found that both younger and older adults
showed a preference for the conservative font type
(Thai conventional text font) over the modern font type
(Roman-like Thai font) when presented with web pages.
However, font size preferences varied depending on the
age group. Younger adults preferred font sizes of 14 and
16 points over 12 points, while older adults preferred 16
points over 12 and 14 points. Based on the study's find-
ings, it is recommended to use the conservative font type
for both younger and older adults.



The appropriate font size depends on the font type used.
For the conservative type, font sizes 12 points or larger
are recommended for younger adults, while 14 points or
larger are recommended for older adults. For the mod-
ern font type, 14 points or larger font sizes are suitable
for younger adults, while 16 points or larger are accept-
able for older adults. The study by Kamollimsakul, Petrie
& Power (2014a) involved a viewing distance of approx-
imately 57 cm between the eyes of 42 participants and
the monitor. However, the calculation of visual angles
should be based on the Bo Baimai height.

It is important to note that determining the visual angles
for each point size of the conservative and modern
fonts tested in the experiment is not feasible, as the
names of the fonts were not provided in the study,

and their Bo Baimai height is unknown. Moreover,

the formula proposed by Legge & Bigelow (2011) for
calculating visual angles from point unit to degree is
not applicable in this case, as the given formula was
formulated under the condition of the viewing distance
of 40 cm, whereas the viewing distance in the study

by Kamollimsakul, Petrie & Power (2014a) was 57 cm.

Although Legge & Bigelow (2011) have proposed a
formula to calculate visual angles from point unit to
degree, based on Bo Baimai height criteria, this formula
may not be suitable for Thai fonts due to the structur-
al dissimilarities between Thai and Roman fonts. The
Thai writing system consists of horizontally composed
consonants, vowels, signs, and marks, whereas some
vowels, tone marks, and signs are placed in the verti-
cal space. This contrasts with other languages, such as
English, which arranges all characters horizontally.

Furthermore, Figure 6 shows a comparison of the lines
and areas of a Thai font (Upper) and a Roman font (Low-
er) (Rojarayanont, 2001). It is evident that the two font
types differ in structure. Figure 7 further highlights that
the consonants of Thai letterforms are smaller in lower-
case compared to Roman fonts, which is influenced by
the number of vertical lines and arranging areas being
more than in Thai fonts. Therefore, it is essential to con-
sider these structural differences in Thai fonts before
applying the formula proposed by Legge & Bigelow (2011)
to calculate visual angles.

Regarding text in books and newspapers in Thailand,
keeping the text font size within 12 to 16 points is essen-
tial. However, it should be at most 7 points for packaging,
as Punsongserm, Sunaga & lhara (2017a) recommend-
ed. This is crucial for readability and accessibility for all
readers. We measured the Bo Baimai height of Cordia
New and TH Sarabun New typefaces at point sizes 12,
14, and 16. For Cordia New, the Bo Baimai heights at
these point sizes were 1.693 mm, 1.97 mm, and 2.252
mm, respectively. For TH Sarabun New, the Bo Baimai
heights at these point sizes were 1.66 mm, 1.931 mm,

and 2.208 mm, respectively. At 7 points, the Bo Baimai
heights for Cordia New and TH Sarabun New were 0.983
mm and 0.963 mm, respectively. We observed that
the Bo Baimai heights of Cordia New and TH Sarabun
New at point size 16 are 2.252 mm and 2.208 mm,
respectively. This is similar to the x-height of Times
New Roman at 14-point size, which is 2.209 mm. How-
ever, because the Thai and Roman letterforms differ,
they cannot be directly compared. Thai conventional
text fonts have certain letter features that make them
more complex and require a larger size to be legible.

Conversely, using the typical point sizes 12, 14, and 16
would result in a Bo Baimai height ranging from 1.66
t0 2.252 mm.

» Figure 6: Upper: Lines and areas of a Thai font. Lower:
Lines and areas of a Roman font (Rojarayanont, 2001)

» Figure 7: Comparing Thai and Roman fonts of the
same point size with different typefaces (Cordia
New and Arial)
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At a viewing distance of 40 cm, these physical sizes
would convert to visual angles of 0.2378° and 0.3226°,
respectively, which are well above the minimum legibility
threshold of 0.2000° for most readers. However, in some
cases where smaller point sizes are used, such as 10, the
Bo Baimai height would be 1.411 mm (for Cordia New) or
1.383 mm (for TH Sarabun New). In these cases, the cor-
responding visual angles would be 0.2021° and 0.1987°,
respectively, which are still acceptable to most readers.

Therefore, when defining text size with point measure-
ment on Thai mobile applications, it is essential to con-
sider the readability for general readers. A minimum size
of 10 points for standard Thai text fonts is acceptable,
whereas a size of at least 12 points is recommended for
all readers. This ensures that the text is easily legible and
accessible for all users, regardless of their visual abilities.

A recent study by Punsongserm (2023) examined the leg-
ibility of different text fonts, namely FT Manifest UD, Cor-
dia New, and TH Sarabun New, with 36 Thai consonants
at varying viewing distances. A sample of 31 Thai volun-
teers, comprising 12 males and 19 females aged between
18 and 60 and categorised into three groups- adoles-
cent-young adults, older adults, and individuals working
in graphic design and related fields- participated in the
study. The study's findings revealed that perceiving Thai
text letterforms at visual angles greater than 0.2000° can
significantly improve their legibility compared to lower
visual angles. Specifically, at a visual angle of 0.2387°, the
average percentage of correct responses ranged from
92.29 to 93.19, while at a visual angle of 0.1790°, the
average percentage of correct responses was between
80.92 and 86.8. However, at a visual angle of 0.1432°, the
average percentage of correct responses ranged from
70.79 to 77.06, and at 0.1432°, it was between 62.90 and
72.31. These findings could be informative in selecting
the appropriate font and visual angle to enhance the
legibility of Thai text.

Colour Contrast

In Thailand, the Thai Web Content Accessibility Guide-
lines 2010: Document Number 1 Version 2.0 (Ministry of
Digital Economy and Society, 2010) and the Government
Website Standard Version 1.0 (EGA, 2012) have defined
the contrast ratios of text and background colour based
on WCAG 2.0, 2.1, and 2.2. These guidelines focus on
minimum contrast (Level AA) and enhanced contrast
(Level AAA) (Worldwide Web Consortium: W3C, 2016a;
Worldwide Web Consortium: W3C, 2016b; Worldwide
Web Consortium: W3C, 2022a; Worldwide Web Consor-
tium: W3C, 2022b; Worldwide Web Consortium: W3C,
2023a; Worldwide Web Consortium: W3C, 2023b). The
visual presentation of text and images of text must have
a contrast ratio of at least 4.5:1 for minimum contrast
(Level AA), except for large-scale text and its images,
which must have a contrast ratio of at least 3:1.
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Additionally, for enhanced contrast (Level AAA), the
visual presentation of text and images of text must have
a contrast ratio of at least 7:1, except for large-scale text
and its images, which must have a contrast ratio of at
least 4.5:1. These guidelines ensure that web content in
Thailand is accessible to all, regardless of visual ability.

Furthermore, as per the Government Website Standard
and Government Website Standard Version 2.0 (EGA,
n.d.), Thai websites must adhere to the guidelines set
by the Worldwide Web Consortium: W3C, following the
Web Content Accessibility Guidelines 2.0: WCAG 2.0
on the A-Level Success Criterion (A). In addition, the
Government Mobile Application Standard Version 1.0
(EGA, 2015) has recommended considering readabil-
ity and visibility when choosing colours and avoiding
combinations that hinder these aspects. However, it

is worth noting that this standard does not delve into
the specifics of contrast ratio or reference the WCAG.

We considered using the CCA version 3.2.1 application
to measure the standard contrast ratios that conform
to the WCAG 2.0, 2.1, and 2.2 in the selected Thai
mobile applications. In this way, we can ensure that
the mobile application is accessible to all individuals,
including those with visual impairments. After care-
fully reviewing each mobile application, we focused
solely on the WCAG 2.1 results that the CCA identified
as having one or more errors that did not pass.

Based on the data presented in Tables 4 and 5, the CCA
application has revealed that the contrast ratios for the
selected mobile application for regular text did not
meet (did not pass) the WCAG 2.1 enhanced contrast
(Level AAA) requirement of a 7:1 ratio. Nevertheless,
some contrast ratios met the WACG 2.1 requirement
for large text with a 4.5:1 contrast, and 29.92% of them
passed the test.

When we consider WCAG 2.1 results of minimum con-
trast (Level AA) in Tables 4 and 5, it is worth noting that
some regular text with a 4.5:1 contrast ratio requirement
passed the test with a 29.92% pass rate. In comparison,
some large texts with a 3:1 contrast ratio requirement
also met the criteria and had a higher pass rate of 55.12%.

Some mobile applications had trouble meeting the min-
imum contrast ratios WCAG 2.1 (Level AA) required. Spe-
cifically, RDU 51383981 and @Agun1ni{g40e (Bluebook)
had many errors in meeting these standards, as shown in
Table 4. In contrast, some mobile applications are quite
accessible when displaying large text with a contrast ratio
of at least 3:1. Examples of such applications include 1114
‘%JE (Thang Rath; Table 4), @4AgVNIW (Smud Sukhap-
hap; Table 4), and n@lUlvu (Phasi Pai Nai; Table 5).

The role of colour contrast in enhancing the readability
of text on digital screens is significant.



Numerous studies have investigated the impact of colour
contrast on reading performance and preferences. For
instance, Kamollimsakul, Petrie & Power (2014b) revealed
that the choice of colours used on webpages could sig-
nificantly impact the performance and preferences of
both young and older adults using Thai language web-
sites. Interestingly, the study found that commonly used
colour combinations such as black on white, white on
black, and sepia on off-white had no apparent effect on
task completion rate or reading time for both age groups.
However, there were noticeable differences in colour
preferences between the two groups. Younger adults
preferred black text on a white background or sepia

text on an off-white background, while older adults
favoured black text on white backgrounds. Based on
these findings, the study recommended using black

text on a white background for both age groups and
sepia text on an off-white background, particularly for
younger users. The study also advised all web users to
avoid white text on black backgrounds. These insights
provide a valuable foundation for evidence-based

design guidelines for Thai websites and mobile appli-
cations that cater to younger and older users.

Similarly, Zorko et al. (2017) explored the impact of
foreground and background colours on readability on
digital screens. The research findings were consistent
with those obtained for readability on printed mate-
rials, with black text on a white background being the
most readable combination. Interestingly, the group
reading this sample took the longest average time but

made the fewest mistakes. The study also revealed
that the black foreground-white background com-
bination is the least stressful for the eyes. However,
black text on a yellow foreground is the least readable
colour combination, with the highest number of mis-
takes. Surprisingly, the study found that green text on
an orange background and red text on a green back-
ground produced unexpected results. Even though
these combinations are proven to be the least read-
able on printed materials, this research shows that
they are suitable for reading on a digital screen.

Furthermore, Ojanpaa & Nasanen (2003) examined the
effects of luminance and colour contrast on the search
for information on display devices. The study found that
visual search times, the number of eye fixations, and
mean fixation durations increased strongly with decreas-
ing luminance contrast despite the presence of colour
contrast. Thus, moderate or even high colour contrast
does not guarantee quick visual perception if the lumi-
nance contrast between characters and background is
small. Therefore, good visibility of alphanumeric informa-
tion in user interfaces requires clear luminance (bright-
ness) difference between foreground and background.

The colour contrast used in digital design can signifi-
cantly affect user experience. These studies provide
valuable insights into choosing appropriate colour
combinations for digital screens. Further research
is needed to explore the impact of contrast ratios
and colours in web and mobile application design.

Table 4 (part 1)
Errors of colours and contrasts found in Thai government mobile applications (1)
Colour and Contrast
Application Name Foreground | Background Contrast DS PGS
(Hex colour | (Hex colour Ratio AA AAA
code) cees) Regular Text | Large Text Regular Text | Large Text
955 #797979 H#FFFFFF 4.4 x v x x
(Tha:g Rath) #2F6447 #FBFFFB 6.9:1 v v x v
Version 2.5.0 HFFFFFF #3D855C 4.461:1 x v x x
HFEFEFE #78C07C 2.21 x x x x
#3E865C H#FFFFFF 4.4 x v x x
RDU §i309en HFCFFFF #F5C144 171 x x x x
Versi(:n 1.5.9 HFFFFFF #52A8DD 2.6:1 x x x x
#FFFFFB #AOB965 2.2:1 x x x
#666666 #FFFFFF 5.7:1 v v x v
H#FFFFFF HE78E48 2.51 x x x x
#9D9D9D H#FFFFFF 2.7 x x x x
#E68E49 #FFFFFE 2.51 x x x x
#CBCBCB H#FFFFFF 1.61 x x x x
#FFFFFF #EAAOS5D 2.2:1 x x x x
#FOE2CC #EAAOSD 1.7:1 x x x
#666666 HFFFFFF 5.7:1 v x v
#FFFFFF H#A267A4 4.2:1 x v x x
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Table 4 (part 2)

Errors of colours and contrasts found in Thai government mobile applications (1)

Colour and Contrast

WCAG 2.1 Results

Application Name | (e o | (Hex solour | Comiast [0z AnA
code) code) Ratio
Regular Text | Large Text Regular Text | Large Text
RDU 4390 #FCFDFB #BOSOAF 311 x v x x
Versi:m 1.5.9 #A267A4 HFFFFFF 421 x v % x
#BOBOBO HFFFFFF 2.2:1 x x x x
HFFFFFF #FABFS7 1.7:1 x x x x
#FABF58 HFFFFFF 1.7:1 x x P x
H#FOFFF7 #9BC556 21 x
Clicknic #5F605F H#EBEEFO 5.4:1 v v x v
Version 3.4.14 #9D9D9ID #DFDFDF 21 x x x x
#68C0OD4 H#FBFSF5 1.9:1 x x x x
#427F8E #FSFSF7 411 x v x x
#B6ABAGA #FSFSFS 5:1 v v x v
#5ESESE HEAEAEA 5.4:1 v v x v
#ADADAD HEAEAEA 1.9:1 x * x x
#FFFFFF #81CBDD 1.8:1 x x % x
#747474 HFFFFFF 471 v v x v
#9D9D9D HFFFFFF 2.7: x x x x
#666666 HFFFFFF 5.7:1 v v x v
#68C0OD4 HFFFFFF 211 x x x x
AYPAUNINE HFFFFFF #4BA2D7 2.8 x x x x
814 (Bluebook) #4CA3D6 HFFFFFF 2.8:1 x x % x
Version 2.8.2 H#EBACA3 HFFFFFF 21 x x x x
#4ATSED HFFFFFF 41 x v x x
#D83289 HFFFFFF 4.4 x v x x
HTFTFTF HFFFFFF 41 x v x x
#4CA5D7 HEAEAEA 2.3:1 x x x x
#57A45A HEAEAEA 2.5:1 x x x x
HETACA3 HEAEAEA 1.7:1 x x x
#C92F23 HEAEAEA 4.459:1 x v x x
#55AC57 HFFFFFF 2.81 x x
#C82F22 HFFFFFF 5.4:1 v v x v
HFFFFFF #64C13D 2.3:1 x x x x
#4697DE HEFFCFE 311 x x x
#5B5B5B HFFFFFF 6.8:1 v v x v
aunEunn (Smud | #E05244 H#FAFAFA 3.7:1 x v x x
Suqkh;phap) H#FFFFFF #468E60 41 x v x x
Version 2.0.0 H#AE4745 HFFFFFF 5.5:1 v v x v
H747474 HFFFFFF 4.7 v v x v
HAEAEAE H#EBEBEB 71 v v x v
#9D9D9D H#FAFAFA 2.611 x x x x
#9D9D9D HFFFFFF 2.7 x x x x
#FFFFFF #428459 4.4911 x v % x
#6D737C HFFFFFF 4.8:1 v v x v
#30663F HFFFFFF 6.8:1 v v x v
#231E1D #CD8270 5.5:1 v v x v
#231E1D #BES33D 3.5 x v x x
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Table 5 (part 1)

Errors of colours and contrasts found in Thai government mobile applications (2)

Colour and Contrast

WCAG 2.1 Results

Applcation Name | Farsground | Pacgond | comrat [ -
cets) CLLY) Regular Text | Large Text Regular Text | Large Text
RD Smart Tax #5DA943 HFFFFFF 2.91 x x x x
Version 3.3.0 #747474 HFFFFFF 471 v v x v
HFFFFFF #5DA943 2.91 x x x x
#6EBEGE #F3F3F3 4.6 v v x v
#5A5A5A HFFFFFF 6.9:1 v v x v
#FO9A3A #FDFDFD 2.2:1 x x x x
malulny #696969 HFFFFFF 5.5:1 v v x v
(Phasi Pai Nai) #4D91BC HFFFFFF 3.41 x v % x
Version 2.3.2 #4D92BD HFAFAFA 3.31 x v x x
HFFFFFF #4C93BE 3.41 x v x x
#FFFFFF #435993 6.8:1 v v x v
#EO783C H#FTFTF7 2.8 x x x x
HFFFFFF #E1783D 311 x v x x
#E83628 H#FTF7F7 3.91 x v x
#586270 H#FTFTF7 5.8:1 v v x v
#666666 HFFFFFF 5.7:1 v x
#F2B144 #295285 4.2 v x
#F9DDAC #58636F 4.5:1 v v x v
#54A6C9 H#FTFTF7 2.611 x x x x
PDMO Version 2.7.6 | #FFFEFF #5164C8 5.2:1 v v x v
#BFBFBF HFFFFFF 1.811 x x x x
H#FFFEFF #5780CE 3.91 x v x x
H#FFFEFF #C8OF4A 2.51 x x x x
#A3A3A3 H#FAFAFA 2.41 x x x x
HFFFFFF #4D62C5 5.4:1 v v x v
#FFFFFF #5D744B 5.2:1 v v x v
HFFFFFF #71806B 4.2:1 x v x x
#4E2513 #CEA346 5.6:1 v v x v
#FFFFFB #9C702E 4.4 x v x x
#CBCBCB HFFFFFF 1611 x x x x
#69C49C HFFFFFF 211 x x x x
HEAGF7A HFFFFFF 31 x x x x
PEA Smart Plus #6F6ETS #F3FOFD 4.491 x v x x
Version 3.2.11 #B89C57 H#7E3AAL 2.6:1 x x x x
#FFFEFF H7E3AAS 6.9:1 v v x v
#COB6C7 H#7E3AAL 3.611 x v x x
#C9C9C9 HFFFFFF 1.7:1 x x x x
#6F6F70 #F3FOFE 4.471:1 x v x x
HEAT66F HFFFFFF 2.91 x x x x
#763D86 #FAFOFE 6.7:1 v v x v
#ASA3AA #FAFOFE 2.2 x x x x
#B99C57 H#FAFOFE 2.41 x x x
HFFFFFF #E05243 3.81 x x x
#5FSFSF #EDEDED 5.5:1 v x v
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Table 5 (part 2)

Errors of colours and contrasts found in Thai government mobile applications (2)

Colour and Contrast
Application Name Foreground | Background Contrast CASIZ IR
(Hex colour | (Hex colour Ratio AA AAA
code) cees) Regular Text | Large Text Regular Text | Large Text
PEA Smart Plus HEA766F #F3FOFE 2.6:1 x x x x
Version 3.2.11 HFFFFFF #D5D2DF 1.5:1 x x x x
H#OF6F6F #501D5E 2.5:1 x x x x
PWA Plus Life #3465B7 #FBFBFB 5.5:1 v v x v
Version 3.5.2 H#FSFBFF #5153C0 6:1 v v x v
#9D9D9D #F5F5F5 2.51 x x x x
H#FFFFFE HEDAA47 21 x x x x
#FFFFFE #3363B8 5.8:1 v v x v
#FSFOFC #4C81AC 3.9:1 v x x
#4878B1 HFEFFFF 4.6:1 v v x v
#F5F9FB #55A4C9 2.6:1 x x x
#6D737C #FFFFFF 4.81 v v x v
#3878F6 H#FFFFFF 4:1 x v x x
HFFFFFF #3878F6 41 * v x x
#FDFFFF #74BCDA 211 x x x x
H#FFFFFF #72B467 2.51 x x x x
HFEFFFF #4878B0 4.6:1 v v x v
#446F8D #DCEDF5 4.476:1 v x x
#565656 H#EDEDED 6.3:1 v v x v
#FFFFFF #6DASF8 2.5:1 x x x x
H#FFFEFE #75D9BF 1.7:1 x x x x
Conclusions We also found that contrast ratios for regular text in

The proliferation of mobile applications has become an
integral part of our daily lives, providing us with unpar-
alleled convenience and efficiency for various purposes.
The impact of mobile applications has also revolutionised
how we interact with government services, offering
citizens fast and efficient access to government-related
information and services.

In line with this, Thai government mobile applications
play a crucial role in the digital transformation of govern-
ment services. A current technical review was conducted
to evaluate the legibility of Thai typefaces, type sizes, and
colour contrast in mobile applications provided by Thai
government offices. One of the key findings of our study
is that Thai web and mobile standards require more suit-
able fonts and sizes. We identified two main categories of
Thai typefaces: conventional and Roman-like Thai fonts.
We found that most Thai mobile applications use letter
sizes of at least 1.2 mm in Bo Baimai height, but some use
smaller sizes that may prove challenging to read. Choos-
ing an easy-to-read font size is essential to improving
user accessibility. The smallest type sizes for body text
ranged from 1to 1.7 mm.
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selected mobile applications did not meet the WCAG

2.1 enhanced contrast requirement of a 7:1 ratio. How-
ever, some contrast ratios for large text meet the 4.5:1
requirement. Some regular text with a 4.5:1 contrast ratio
requirement passed the WCAG 2.1 minimum contrast test,
whereas some large text with a 3:1 contrast ratio require-
ment also met the criteria. The study identified typograph-
ical issues that may arise in these mobile applications. It
gained a deeper understanding of the subject matter.

However, the study has research gaps and limitations
that future research must address.

The study focused solely on Android mobile applications,
and future research should also investigate iOS applica-
tions. Since both Android and iOS mobile applications
have a broad user base in Thailand, investigating both
platforms would provide a better understanding of the
typographical concerns in Thai government mobile
applications. The study only focused on typographi-

cal concerns and did not cover the usability of mobile
applications. Future research should investigate the
usability of Thai government mobile applications to
identify any issues that may affect user experiences.



Moreover, the study did not consider the impact
of different lighting conditions on the legibility and
visibility of Thai typefaces, type sizes, and colour
contrast in mobile applications. Investigating the
effect of different lighting conditions would pro-
vide insight into how typographical concerns affect
user experiences in different environments.

The study only measured physical type sizes based on
the Bo Baimai height measurement without considering
other factors that could affect legibility, such as letter
spacing, line spacing, and font style.

Future research should consider these factors to provide
a more comprehensive understanding of the typograph-
ical concerns in Thai government mobile applications.

The study only used a colour contrast analyser applica-
tion to measure colour contrast without considering the
visual perception of users with different types of colour
vision deficiencies. Investigating the impact of different
kinds of colour vision deficiencies on the legibility of Thai
typefaces and colour contrast would provide insight into
how to design mobile applications accessible to all users.

Lastly, the study did not involve user testing to evaluate
the legibility and visibility of Thai typefaces, type sizes,
and colour contrast in mobile applications. Conducting
user testing would provide a better understanding of the
impact of typographical concerns on user experiences
and identify any issues that may affect user satisfaction.

To conclude, future research should investigate the
impact of different letter spacing, line spacing, and font
styles on the legibility of Thai typefaces in mobile appli-
cations. Developing guidelines and standards for Thai
typefaces, type sizes, and colour contrast in mobile appli-
cations that consider the needs of users with different
types of colour vision deficiencies is also necessary.

Conducting user testing to evaluate the legibility and
visibility of Thai typefaces, type sizes, and colour contrast
in mobile applications is crucial. This may necessitate
specialised blur simulation equipment such as blur glass
filters and cataract simulation goggles. Collaboration
with participants who have normal visual acuity, as well
as those who are visually impaired and elderly, is equally
important.

These efforts would provide insight into how to
design mobile applications that are more user-friend-
ly, accessible, and satisfying for all users.
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screening using Taguchi's Grey
Relational Analysis technique

ABSTRACT

This is an experimental and statistical approach to assess the impact of AM
and FM screen ruling in screen printing under the condition such as printing
of a test target on both coated and uncoated paper with three different
types of screen mesh count. The change in print quality according to the
screen mesh count are focused here, because the screen mesh count is one
of the key elements in screen printing that influences the ink flow through
the mesh as well as the excellence of stencil image or halftone dots over
the mesh. Under three different screen mesh count, the impact of AM and
FM halftone in the print quality on both coated and uncoated paper grades
are evaluated in the analysis part. The print quality assessment parameters
taken as solid ink density, dot gain, hue error and print contrast at 30%,
50%, & 70% tonal areas of the print. Twelve different combinations of input
variables such as coated and uncoated substrate, AM and FM halftone
dots, 100 Ipi, 120 Ipi and 140 Ipi screen mesh counts etc. are employed

at different print trials. The print quality assessment and ranking of each
experiment are done by Taguchi’s Grey Relational Analysis, which is a best
method to implement in the decision-making process of quality control.
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Introduction

The screen printing is one of the versatile printing tech-
nologies among the conventional printing method, that
utilizes a stencil type image carrier for the printing func-
tion. The stencil is attachable over a screen mesh and the
printing can be done by forcing ink through the stencil
opening by a squeegee on to the substrate. Figure 1

shows the schematic diagram of a screen printing unit.

The printing technique is adaptable to deliver print on a
wide range of substrate like paper, paperboard, glass,
plastics, metals, ceramics etc. irrespective of their surface
textures and shape (Kipphan, 2001). The characteristic of
the screen mesh used is a major factor that influences
the quality of printed elements in screen printing.

» Figure 1: Schematic diagram of a screen-printing unit

The commonly used screen mesh is nylon, polyester,
stainless steel etc. in the industrial purposes. For screen
mesh, the screen thread diameter and the open area of
mesh is the two major critical parameters that describes
the degree of reproducibility of halftone dots via screen
printing method.
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According to the studies, the fabric with more thread per
linear distance is capable to deliver high print quality.

At the same time, it should have enough open area

to guide the passage of average pigment size of the

ink through it to the substrate. Smaller thread diam-

eter builds up finer screen mesh (Novakovic et al.,

2016). Figure 2 represents the woven structure of

screen mesh used for transferring to the substrate.

» Figure 2: The woven structure of screen mesh

In comparison to other printing methods,screen printing
is relatively easy to print on any desired material. How-
ever, in order to get the right design with the correct
print detail, print resolution, coverage and hand feel,
etc., It is necessary to select the right mesh count and
ink system for a particular design type. A higher mesh
count resulted in high accuracy in design with less ink
consumption, good hand feels and good background
coverage. On the other hand, a lower mesh count result-
ed in poor background coverage, poor print detail, and
poor print sharpness. There is no significant change in
colour speed performance of the printed material with
the change in mesh count (Dina, Uddin & Fatema, 2020).

In halftone reproduction, the size of halftone dot should
be larger than that of the opening area of the screen
mesh used otherwise dot loss or lack of image details

in the final print will be the result. This is a common
factor applicable to both AM and FM mode of halftone
printing via screen printing process. Moreover, the half-
tone dot reproduction by screen printing is somewhat
thoughtful in terms of screen mesh characteristics,
accuracy of stencil preparation method, type of stencil
used, characteristics of ink, squeegee pressure etc.

In graphic reproduction process, the FM dots are bet-
ter in highlight and shadow areas and also gives better
print results in those areas but fails in middle-tone,
while the AM dots are better in middle-tone areas to
give the better results (Poljacek Mahovic et al., 2005).
The material that plans to print is equally important
as the specifics of our screen print process. The com-
position, structure and characteristics of the print-

ed items, along with the composition, viscosity and
other properties of ink, all contribute to the quality
of the screen printed matter (Cazac et al., 2018).
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The Taguchi method is laid down by Genichi Taguchi, a
Japanese engineer in 1950’s and acts as a better concept
for the improvement of quality of product and process
involved in a manufacturing process. Taguchi’s concept of
robust design indicates the design which gives the pro-
duction of goods with less sensitive responses towards
the factors that causes variability in the manufacturing
process (Kumar, 2020).

The Taguchi method is a better approach to apply in the
industrial production activities that will entirely modify
the outlook of production process on quality improve-
ment and error free performance aspects (Roy, 2010).

The Grey Relational Analysis Concept is laid down
by Deng Julong in 1982. This is a statistical approach
that acts as a reliable decision-making tool in mul-
tiple criteria-based decision-making situations in
various industrial based applications. Taguchi’s

GRA approach is useful methodology in the qual-

ity control process (Kumar & Baral, 2023).

The print quality assessment is probable with the
quantitative analysis of dot gain, dot area, print con-
trast, hue error etc. The dot gain and dot area values
that monitors the dot reproduction accuracy of the
graphic reproduction at the final print. The print con-
trast value represents the accuracy of reproducing
shadow details on the final print. The hue error that
represents the percentage of change in actual hue in
the final print (Dharavath, Bensel & Gaddam, 2005).

This research is an experimental study to find the influ-
ence of factors such as screen mesh ruling, AM and FM
halftone dots, coated and uncoated paper grades etc. on
the print quality of screen printing.

The attainment of best quality is assessed by Taguchi’s
Grey Relational Analysis method.

Methods

The research was conducted by printing an ide-
al grey scale image consisting of both AM and FM
dots onto both coated and uncoated paper by
screen printing method. Three different screen
mesh ruling such as 100 Ipi, 120 Ipi and 140 Ipi
(lines per inch) were used to form the stencils.

The stencils consisting of halftone grey scale were fixed
in flatbed semiautomatic screen printing machine:ATOM
1520, APL Machinery Pvt.Ltd. and prints were obtained
on both coated and uncoated papers. The printed sam-
ples were subjected to the visual inspection by Digital
Microscope (LEICA, S8APO) and the quantitative optical
property measurement by Spectro-Densitometer (such
as X-Rite Spectro Eye & TECHKON GmbH Spectro Dens).



The 30%, 50% and & 70% tonal areas (representing high-
light area, middle tone area and shadow area respective-
ly) were considered for quantitative assessment of the
quality. The Solid Ink Density, Dot Gain, Hue Error and
Print Contrast etc. of these tonal values were analysed
with Taguchi’s Grey Relational Analysis. The sequential

flow of research work is shown in the illustration Figure 3.

» Figure 3: Work Flow

The Table 1 represents the list of input variables taken
for the process and the various parameters of the prints
considered for assessing the print quality. These were
taken as the key elements in the Taguchi’s Grey Rela-
tional Analysis of this research work. Table 2 represents
necessary equations used for assessment of print quality
using Taguchi's Grey Relational Analysis technique.

Table 1

Elements taken for Taguchi’s Grey Relational Analysis

No. | Input variables of experiment Parameters
1 Coated Paper, 100 Ipi Mesh, AM Dot

2 | Coated Paper, 120 Ipi Mesh, AM Dot

3 | Coated Paper, 140 Ipi Mesh, AM Dot Solid Ink

4 | Coated Paper, 100 Ipi Mesh, FM Dot Density

5 | Coated Paper, 120 Ipi Mesh, FM Dot

6 | Coated Paper, 140 Ipi Mesh, FM Dot Dot Gain

7 Uncoated Paper, 100 Ipi Mesh, AM Dot Hue Error

8 | Uncoated Paper, 120 Ipi Mesh, AM Dot

9 Uncoated Paper, 140 Ipi Mesh, AM Dot | Print Contrast
10 | Uncoated Paper, 100 Ipi Mesh, FM Dot

11 | Uncoated Paper, 120 Ipi Mesh, FM Dot

12 | Uncoated Paper, 140 Ipi Mesh, FM Dot

Table 2

Equations used for assessment of print quality

Normalization of Performance Index Data,

For beneficial attributes (higher is better),

F oo Xi(k)—minXiCk) ]
Xi (k) = “ito-xik) ()

For non-beneficial attributes (lower is better),
max Xi(k)—Xi(k)

Xi (k) = 00 @
where,
Xi*(k) = Normalized value of i" data of ‘k’ responses.
Xi(k) = Actual value of i" data of ‘k’ responses.
min Xi(k) = Lowest value of Xi(k) for ‘k’ responses.
max Xi(k) = Highest value of Xi(k) for ‘k’ responses.
Deviation Sequence,
Ak = X" (k) — Xi (k) 3)
where,
Ai(k) = Deviation sequence of it data for ‘k’ responses.
X,"(k) = Maximum value among the Xi(k) elements of 'k’
responses.
Xi*(k) = Normalized value of performance index of ‘k’
responses.
Grey Relational Co-efficient,
(4)

where,

¢i(k) = Grey Relational Co-efficient of i*" data for ‘k’ responses.
Amin = Minimum value obtained from Deviation sequence.
Amax = Maximum value obtained from Deviation sequence.
Ai(k) = Deviation sequence of it data for ‘k’ responses.
Dynamic Distinguished Coefficient (€) = 0-1(For multiple
decision-making criteria, the value can take as 0.5).

Grey Relational Grade,
n

Yi=—3 Ei(k) (5)
k=1

where,

Yi = Grey Relational Grade of i*" data for ‘k’ responses.

n = Number of data responses

€i(k) = Grey Relational Co-efficient of i*" data for ‘k’ responses

Results

The Figure 4 to Figure 8 graphically represents the out-
put responses such as: dot area, dot gain, hue error, print
contrast and solid ink densities of reproduced image
against the target dot percentage that ranging from 5%
to 100% dot coverage with an incremental step of 5%.
The Figure 4 and Figure 5 shows the Dot Area curve and
followed by Dot Gain curve respectively. These curves
show that, the dot area of printed sample is compara-
tively higher for FM dots on uncoated paper with 100 Ipi
mesh count. This represents the higher dot gain associat-
ed with uncoated paper with lower mesh count and FM
dot combination in screen printing process.
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Meanwhile, the AM dot print on coated paper with 140
Ipi mesh count gives a better dot area reproduction when
comparing to all other cases. This implies that, higher the
mesh count lesser will be the dot gain and also the AM
dots with smooth textured substrate also facilitates the
attainment of optimum dot gain. Lower mesh count with
FM dots is a poor choice in screen printing. Because the
larger mesh openings of screen at lower mesh count will
facilitate considerable loss of FM dot details on the sten-
cil over the mesh and there will be high dot gain issues in
the final reproduction due to larger openings.

Also, the uncoated paper facilitates the unpredictable
dot gain due to the undesirable ink absorption on to its
porous structure and unevenness of the surfaces. Also
there is a chance of optical dot gain due to the light
scattering effects from the paper surface. It has been
observed that at highlight areas up to 15%, there is loss
of dots with 140 Ipi and 120 Ipi mesh count in case of AM
dots. This may be due to the inability of the screen mesh
to carry the finer sized AM dots at those highlight areas.

Meanwhile the FM dots performed in a better way at
the highlight and shadow areas only in the case of higher
mesh count. The Figure 6 shows the graphical represen-
tation of Hue Error of print.

» Figure 4: Tonal Reproduction Curve for Dot area

The overall Hue error is minimum for prints on coat-
ed paper with AM dots using 140 Ipi screen mesh.
The Hue Error remains constant till the 40% Dot Area.
The higher Hue Error value is obtained for uncoated
paper especially at the middle tone areas. However,
the hue error is the indicator of purity of ink in the
print and it is influenced by press conditions, and the
spectral behaviour of the ink and substrate used.

The Figure 7 shows the Print Contrast curve, in which, the
best print contrast is obtained for AM dot print on coat-
ed paper with 140 Ipi mesh count and the lowest print
contrast is found on the FM dot print on uncoated paper
with 100 Ipi mesh count. The print contrast represents
the accuracy of tonal reproduction in contrast with the
shadow details. The higher mesh count of screen with
AM dot and smooth textured substrate improves the
print contrast of screen printing. The Print Contrast is
near about zero beyond 85% Dot Area in all the cases.

Figure 8 is a bar graph that shows the solid ink den-
sities reproduced on the print, among which, the
more vibrant colour of solid ink coverage is obtained
for FM dots on coated paper with low mesh count. It
was also observed that lower the screen mesh count,
higher will be the ink deposit on the substrate.

» Figure 5: Variation in Dot Gain with respect to percentage Dot Area of the original
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» Figure 6: Variation in Hue Error with percentage Dot Area of the original

» Figure 7: Variation in Print Contrast with reference to percentage Dot Area of the original

» Figure 8: The solid ink density of various prints of
different combination of Mesh and Substrate

The Taguchi’s Grey Relational Analysis is carried out in
various stages such as Normalization of data (shown in
Table 3), calculation of Deviation sequence (shown in
Table 4), calculation of Grey Relational Coefficient (shown
in Table 5).

Based on quality assessment parameters such as
SID, Dot Gain, Hue Error and Print Contrast, each
experimental approaches are ranked (vide shown
in Table 6 to Table 15) and among which the high-
est GRA score indicates the best print quality.

Discussions

The GRA index score for SID is shown in Table 6 indicates
that the coated grade paper has the ability to reproduce
better solid ink density by screen printing using different
types of dots and mesh count than that of uncoated
paper. The smooth surface texture of the coated paper
enhances the excellent reproduction of solid ink density
in all cases. But for uncoated paper, the irregular and matt
surface texture diminishes such effects due to the uneven
distribution of ink over the uncoated surface as well the
undesirable light scattering effects from the paper.

At lower screen mesh count, the ink deposition on the
substrate will be more in screen printing than that of
higher screen mesh count. Here the 100 Ipi screen mesh
count can reproduce better solid ink densities than that
of 140 Ipi mesh count. The lower the screen meshes
count more will be the mesh open areas, so the ink flow
will be more and the heavier ink deposition will be the
result. Also, at solid ink density deposition, the printed
sample with FM dots offers higher optical densities
than that of AM dots as shown in Table 6. The AM dot
with low mesh count is also capable to deliver heavy ink
deposition, but the FM dots are comparatively capable
to give more vibrant colours than AM at solid densities.
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Table 3

Normalised Data of Performance Index

:::::t Solid Ink | Dot Gain | Dot Gain | Dot Gain | Hue Error | Hue Error | Hue Error C:r:i:st C:r:i::st C:r:irr‘:st
No. Density at 30% at 50% at 70% at 30% at 50% at 70% at 30% 2t 50% 2t 70%
1 0.81 0.57 0.35 0.16 0.16 0.66 0.16 0.77 0.63 0.36
2 0.74 0.94 0.83 0.81 0.40 1.00 0.94 0.98 0.93 0.92
3 0.64 1.00 1.00 1.00 1.00 0.94 1.00 1.00 1.00 1.00
4 1.00 0.37 0.5 0.10 0.67 0.76 0.90 0.63 0.42 0.30
5 0.97 0.92 0.59 0.32 0.07 0.71 0.67 0.98 0.83 0.60
6 0.68 0.97 0.76 0.75 0.97 0.80 0.44 0.99 0.89 0.88
7 0.3 0.32 0.25 0.02 0.35 0.63 0.00 0.47 0.42 0.05
8 0.08 0.70 0.60 0.7 0.06 0.00 0.18 0.79 0.72 0.27
9 0.00 0.90 0.67 0.63 0.4 0.33 0.36 0.90 0.76 0.68
10 0.19 0.00 0.00 0.00 0.62 0.53 0.21 0.00 0.00 0.00
M 0.10 0.75 0.30 0.08 0.00 0.47 0.24 0.82 0.48 0.15
12 0.03 0.85 0.61 0.50 0.10 0.74 0.75 0.87 0.73 0.60
Table 4
Deviation Sequence
f:::: Solid Ink | Dot Gain | Dot Gain | Dot Gain | Hue Error | Hue Error | Hue Error C:r:i:st C:r:i::st C:r:irr‘:st
No. Density at 30% at 50% at 70% at 30% at 50% at 70% 2t 30% 2t 50% 2t 70%
1 0.19 0.43 0.65 0.84 0.84 0.34 0.84 0.23 0.37 0.64
2 0.26 0.06 017 0.19 0.60 0.00 0.06 0.02 0.07 0.08
3 0.36 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00
4 0.00 0.63 0.85 0.90 0.33 0.24 0.10 0.37 0.58 0.70
5 0.03 0.08 0.4 0.68 0.93 0.29 0.33 0.02 0.7 0.40
6 0.32 0.03 0.24 0.25 0.03 0.20 0.56 0.01 on 0.12
7 0.87 0.68 0.75 0.98 0.65 0.37 1.00 0.53 0.58 0.95
8 0.92 0.30 0.40 0.83 0.94 1.00 0.82 0.21 0.28 0.73
9 1.00 0.10 0.33 0.37 0.59 0.67 0.64 0.10 0.24 0.32
10 0.81 1.00 1.00 1.00 0.38 0.47 0.79 1.00 1.00 1.00
il 0.90 0.25 0.70 0.92 1.00 0.53 0.76 0.18 0.52 0.85
12 0.97 0.15 0.39 0.50 0.90 0.26 0.25 013 0.27 0.40
Table 5 (part 1)
Grey Relational Coefficient
f:::: Solid Ink | Dot Gain | Dot Gain | Dot Gain | Hue Error | Hue Error | Hue Error C:r:i:st C:r:i::st C:r:irr‘:st
No. Density at 30% at 50% at 70% at 30% at 50% at 70% 2t 30% 2t 50% 2t 70%
1 0.72 0.54 0.44 0.37 0.37 0.59 0.37 0.69 0.57 0.44
2 0.66 0.90 0.74 0.72 0.46 1.00 0.89 0.96 0.88 0.86
3 0.58 1.00 1.00 1.00 1.00 0.89 1.00 1.00 1.00 1.00
4 1.00 0.44 0.37 0.36 0.60 0.68 0.83 0.58 0.46 0.42
5 0.94 0.86 0.55 0.42 0.35 0.63 0.60 0.97 0.74 0.56
6 0.61 0.95 0.67 0.67 0.94 0.72 0.47 0.98 0.82 0.81
7 0.36 0.42 0.40 0.34 0.44 0.57 0.33 0.49 0.46 0.34
8 0.35 0.63 0.55 0.38 0.35 0.33 0.38 0.70 0.64 0.41
9 0.33 0.84 0.60 0.58 0.46 0.43 0.44 0.84 0.68 0.61
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Table 5 (part 2)
Grey Relational Coefficient

f:::: Solid Ink | Dot Gain | Dot Gain | Dot Gain | Hue Error | Hue Error | Hue Error C:r::::st C:r:;:;st C:r:::st
H 0,
No. Density at 30% at 50% at 70% at 30% at 50% at 70% at 30% 2t 50% at 70%
10 0.38 0.33 0.33 0.33 0.57 0.51 0.39 0.33 0.33 0.33
1 0.36 0.67 0.42 0.35 0.33 0.49 0.40 0.73 0.49 0.37
12 0.34 0.77 0.56 0.50 0.36 0.66 0.67 0.80 0.65 0.55
Table 6 Table 8
The Grey Relational Grade and Ranking for SID The Grey Relational Grade and Ranking for 50% Dot Gain
3 g S = E $
£ 2 < £ 2 =
v wn L [} v ] Q
£ 9 [} € £ 9 ] £
T 2 x g = ‘T 2 X g =
~ o © > T o = o © > T (]
5|2 % ge g §|g% ge o |g
o w > o O w o w > O O w
1 | Coated Paper, 100 Ipi Mesh, FM Dot 1 4 1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3
2 | Coated Paper, 120 Ipi Mesh, FM Dot 0.939394 | 5 2 | Coated Paper, 120 Ipi Mesh, AM Dot 0.743286 | 2
3 | Coated Paper, 100 Ipi Mesh, AM Dot 0.72093 1 3 | Coated Paper, 140 Ipi Mesh, FM Dot 0.674287 | 6
4 | Coated Paper, 120 Ipi Mesh, AM Dot 0.659574 | 2 4 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.60192 9
5 | Coated Paper, 140 Ipi Mesh, FM Dot 0.607843 | 6 5 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.563111 | 12
6 | Coated Paper, 140 Ipi Mesh, AM Dot 0.580524 | 3 6 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.552834 | 8
7 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.380835 | 10 7 | Coated Paper, 120 Ipi Mesh, FM Dot 0.550254 | 5
8 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.364706 | 7 8 | Coated Paper, 100 Ipi Mesh, AM Dot 0.43576 1
9 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.356322 | 11 9 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.416692 | 11
10 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.351474 | 8 10 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.398931 | 7
1 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.340659 | 12 11 | Coated Paper, 100 Ipi Mesh, FM Dot 0.370185 | 4
12 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.333333 | 9 12 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.333333 | 10
Table 7 Table 9
The Grey Relational Grade and Ranking for 30% Dot Gain The Grey Relational Grade and Ranking for 70% Dot Gain
3 g S = E $
£ 2 < £ 2 =
v wn L [} v wn 8 Q
£ 9 [} € £ 9 ] £
T 2 x g = ‘T 2 X g =
~ o © > T (] = o © > T (]
5|2 % g o 1g §l|g% ge |2
o w > o O w o w > O O w
1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3 1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3
2 | Coated Paper, 140 Ipi Mesh, FM Dot 0.945868 | 6 2 | Coated Paper, 120 Ipi Mesh, AM Dot 0.720117 2
3 | Coated Paper, 120 Ipi Mesh, AM Dot 0.898934 | 2 3 | Coated Paper, 140 Ipi Mesh, FM Dot 0.669859 | 6
4 | Coated Paper, 120 Ipi Mesh, FM Dot 0.860275 | 5 4 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.575611 | 9
5 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.836995 | 9 5 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.50187 | 12
6 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.768237 | 12 6 | Coated Paper, 120 Ipi Mesh, FM Dot 0.424586 | 5
7 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.666259 | 11 7 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.375753 | 8
8 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.626478 | 8 8 | Coated Paper, 100 Ipi Mesh, AM Dot 0.372034 | 1
9 | Coated Paper, 100 Ipi Mesh, AM Dot 0.538942 | 1 9 | Coated Paper, 100 Ipi Mesh, FM Dot 0.358086 | 4
10 | Coated Paper, 100 Ipi Mesh, FM Dot 0.441564 | 4 10 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.352903 | 11
1 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.423592 | 7 11 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.338944 | 7
12 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.333333 | 10 12 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.333333 | 10
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Table 10 Table 12 (part 2)
The Grey Relational Grade and Ranking for 30% Hue Error The Grey Relational Grade and Ranking for 70% Hue Error
3 g S = E g
[o] [o]
£ B £ £ B £
v wn L [} v wn L (]
E 9 [ £ £ 9 [ £
T 2 € 9 = T o € 9 =
= o © > T (7] = o © > T [}
5|2 % ge g 5les de |2
o w > o O w o w > O O wi
1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3 3 | Coated Paper, 100 Ipi Mesh, FM Dot 0.830258 | 4
2 | Coated Paper, 140 Ipi Mesh, FM Dot 0.94 6 4 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.667656 | 12
3 | Coated Paper, 100 Ipi Mesh, FM Dot 0.602564 | 4 5 | Coated Paper, 120 Ipi Mesh, FM Dot 0.6 5
4 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.566265 | 10 6 | Coated Paper, 140 Ipi Mesh, FM Dot 0.471698 | 6
5 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.460784 | 9 7 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.438596 | 9
6 | Coated Paper, 120 Ipi Mesh, AM Dot 0.456311 | 2 8 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.39823 | 11
7 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.435185 | 7 9 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.387263 | 10
8 | Coated Paper, 100 Ipi Mesh, AM Dot 0.373016 | 1 10 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.378151 | 8
9 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.356061 | 12 1 | Coated Paper, 100 Ipi Mesh, AM Dot 0.373134 | 1
10 | Coated Paper, 120 Ipi Mesh, FM Dot 0.350746 | 5 12 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.333333 | 7
11 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.348148 | 8
12 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.333333 | 11 Table 13
The Grey Relational Grade and Ranking for 30% Print Contrast
Table 11
The Grey Relational Grade and Ranking for 50% Hue Error _ f_g g
] o =
c B c
. v wn o (V]
© (-] £ 9 [ £
3 5 s £|33 > |3
t 5 t S | g & 2 o
g 8 2 g e & S (CING] o
= B £ o =
j‘% :,*_ e ol :,'_ 1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3
e |&S S (CINC) P}
2 | Coated Paper, 140 Ipi Mesh, FM Dot 0.97837 6
1 | Coated Paper, 120 Ipi Mesh, AM Dot 1 2
3 | Coated Paper, 120 Ipi Mesh, FM Dot 0.967088
2 | Coated Paper, 140 Ipi Mesh, AM Dot 0.888199 | 3
4 | Coated Paper, 120 Ipi Mesh, AM Dot 0.961473 | 2
3 | Coated Paper, 140 Ipi Mesh, FM Dot 0.715
5 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.835247 | 9
4 | Coated Paper, 100 Ipi Mesh, FM Dot 0.677725 | 4
6 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.798154 | 12
5 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.655963 | 12
7 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.734116 | 11
6 | Coated Paper, 120 Ipi Mesh, FM Dot 0.632743 | 5
8 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.700236 | 8
7 | Coated Paper, 100 Ipi Mesh, AM Dot 0.593361 | 1
9 | Coated Paper, 100 Ipi Mesh, AM Dot 0.685541 | 1
8 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.574297 | 7
10 | Coated Paper, 100 Ipi Mesh, FM Dot 0.575144 | 4
9 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.514388 | 10
11 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.486471 7
10 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.486395 | 11
12 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.333333 | 10
11 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.428144 | 9
12 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.333333 | 8 Table 14 (part 1)
The Grey Relational Grade and Ranking for 50% Print Contrast
Table 12 (part 1)
The Grey Relational Grade and Ranking for 70% Hue Error _ f_g g
] o =
c B c
. v wn o (V]
© (-] £ 9 [ £
3 5 s £|33 > |3
t 5 t S | g & 2 o
g 8 2 g e & S (CING] o
= B £ o =
= e o 1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3
v} X @© P 3
o w > O O w
2 | Coated Paper, 120 Ipi Mesh, AM Dot 0.879562 | 2
1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3
3 | Coated Paper, 140 Ipi Mesh, FM Dot 0.820181
2 | Coated Paper, 120 Ipi Mesh, AM Dot 0.889328 | 2
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Table 14 (part 2)
The Grey Relational Grade and Ranking for 50% Print Contrast

Table 16 (part 2)
The Grey Relational Grade and Ranking for Overall Performance

- e E

[o] ©

£ B £ £ |E -

TR © ] o |3 w &

E 9 [ £ E|E @ (7}

T 2 x g = = | 2 X g
x o © > T [} ) o © > T =
5|2 % g o lg glgs £E s
o w > o O w (] w > O O o
4 | Coated Paper, 120 Ipi Mesh, FM Dot 0.741233 5 9 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.580119 | 6
5 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.677953 | 9 4 | Coated Paper, 100 Ipi Mesh, FM Dot 0.573608 | 7
6 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.648809 | 12 1 | Coated Paper, 100 Ipi Mesh, AM Dot 0.510501 | 8
7 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.644314 | 8§ 8 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.471777 | 9
8 | Coated Paper, 100 Ipi Mesh, AM Dot 0.573083 | 1 1 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.460219 | 10
9 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.488219 | 11 7 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.416251 | 11
10 | Coated Paper, 100 Ipi Mesh, FM Dot 0.463068 | 4 10 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.384875 | 12
11 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.462986 | 7
12 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.333333 | 10 The Table 7 shows the GRA index ranking for 30% dot

Table 15
The Grey Relational Grade and Ranking for 70% Print Contrast

_ E S
£ 2 <
v wn L [
E 9 (] £
T 2 x g =
E Q ®© > T [}
5|2 % fe g
o w > o O i
1 | Coated Paper, 140 Ipi Mesh, AM Dot 1 3
2 | Coated Paper, 120 Ipi Mesh, AM Dot 0.861357 | 2
3 | Coated Paper, 140 Ipi Mesh, FM Dot 0.805676
4 | Uncoated Paper, 140 Ipi Mesh, AM Dot | 0.612611 9
5 | Coated Paper, 120 Ipi Mesh, FM Dot 0.555078 | 5
6 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.554395 | 12
7 | Coated Paper, 100 Ipi Mesh, AM Dot 0.439206 | 1
8 | Coated Paper, 100 Ipi Mesh, FM Dot 0.41748 4
9 | Uncoated Paper, 120 Ipi Mesh, AM Dot | 0.407046 | 8
10 | Uncoated Paper, 120 Ipi Mesh, FM Dot | 0.369722 | 11
11 | Uncoated Paper, 100 Ipi Mesh, AM Dot | 0.344066 | 7
12 | Uncoated Paper, 100 Ipi Mesh, FM Dot | 0.333333 | 10
Table 16 (part 1)
The Grey Relational Grade and Ranking for Overall Performance
3| z
£ | £ 2
o 9w o
E|E @ 7]
T | 2 x 9
(] v © > T =
S123 £E |5
wi w > o O o
3 | Coated Paper, 140 Ipi Mesh, AM Dot 0.946872 | 1
2 | Coated Paper, 120 Ipi Mesh, AM Dot 0.806994 | 2
Coated Paper, 140 Ipi Mesh, FM Dot 0.762878 | 3
5 | Coated Paper, 120 Ipi Mesh, FM Dot 0.66214 | 4
12 | Uncoated Paper, 140 Ipi Mesh, FM Dot | 0.585491 | 5

gain, and it is noticed that the print quality of screen
printing is highly dependable to the mesh count. Higher
the screen mesh count, better will be the reproduction of
finer details. The higher screen mesh count facilitates the
better carrying of fine dot details of stencil over the mesh
and also controls the ink flow through the mesh opening
during printing.

At higher mesh count such as 140 Ipi and 120 Ipi, both
coated paper and uncoated paper grades can reproduce
the 30% tonal area better than that of 100 Ipi mesh
count. The 100 Ipi screen mesh comparatively contains
larger mesh opening and so fails to accurately carry the
finer details of stencil on the mesh as well as to control
the ink flow through the mesh during printing. The AM
dots on coated paper with 140 Ipi mesh count gives

the best result. Even though, the FM dots at higher
screen mesh count also works better at 30% dot area.

The GRA index ranking for 50% Dot gain shown are in
Table 8 which indicates that the higher screen mesh
count can control the dot gain at those middle tones
than that of lower mesh count. Also, with higher
screen mesh count the AM dots will perform better
than FM dots especially in these middle tone areas.
FM dots shows undesirable random shift of tonal
values at this middle tone than AM dots. Also, the
surface irregularities and porosity of uncoated paper
always provides a tendency to undesirably absorb the
ink and that will increase the chance of dot gain.

The GRA ranking of 70% Dot Gain as shown in Table 9
indicates that the higher mesh count of screen printing
can reproduce better shadow details effectively. The AM
dots printed on coated paper with 140 Ipi mesh count
gives the best result. Higher the screen mesh count
better will be the ink flow through the mesh in printing
and also better the halftone dot details on stencil over
the mesh.
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The Tables 10-12 are showing the GRA ranking of Hue
Error at 30%, 50% and 70% tonal areas respectively.
Higher the mesh count, lower will be the hue error
irrespective of percentage dot area. It is observed
that hue error is minimum in the case of AM dots

in highlight, midtone and shadows. However, the
hue error depends on the printing conditions, puri-
ty of ink, spectral behaviour of the substrate etc.

The Tables 13-15 shows the GRA index ranking for print
contrast at 30%, 50% and 70% tonal areas respectively.
All the cases indicate that, higher the mesh count better
will be the print contrast. Lowering the mesh count will
reduce the print contrast of reproduction.

The AM dot print with 140 Ipi screen mesh count on
coated grade paper shows the superior print contrast
in all the cases. At higher screen mesh count the
coated paper provides greater print contrast than
uncoated grade. The print contrast indicates the
accuracy of tonal area reproduction or shadow
details in contrast with the solid area ink density.

The overall GRA index-based ranking given in Table 16
indicates that, at 140 Ipi screen mesh count, the coated
paper with AM dots is comparatively best in the print
quality by considering the criteria like solid ink densities,
dot gain, hue error and the print contrast. The result
shows the importance of mesh count in screen printing
in distinction with the type of substrate and the halftone
mode of reproduction employed in the printing process.

As per the results, the screen mesh with higher thread
counts such as 140 Ipi is capable to deliver better print
quality in screen printing than that of screen mesh with
120 Ipi and 100 Ipi mesh count. The screen mesh with
high thread count indicates the less open area and its
capability to hold more stencil details over the mesh than
that of screen with lower mesh count.

Also, the lesser open area of 140 Ipi screen mesh facil-
itates the better control over the ink flow through the
mesh and thereby reduces the chance of dot gain under
the circumstance of high squeegee pressure and low
viscous screen printing ink.

Also, it is noticed that, the irregular surface textured
substrate such as uncoated paper in such cases

will accelerates the occurrence of undesirable dot
gain at lower mesh count in screen printing.

It is also observed that the mode of halftone screening
process such as AM and FM dots employed in the print-
ing process influences the print quality.

Comparing AM with FM print quality in the result, it is

found that the AM dot pattern gives the best print results
at 30%, 50% and 70% tonal areas than FM dots.
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This indicates that AM dots in middle-tone areas
can produce better details in screen printing.

The FM dots are capable to reproduce vibrant colour
than AM dots but shows an undesirable random shift of
tonal values from highlight to shadow region. This leads
to the loss of details at the middle-tones considerably.
At the same time, the AM dots are better in reproducing
middle tone gradations when comparing with FM dot
reproduction.

The problem faced by FM dots in this kind may be due to
its fine size and the randomly distributed feature that all
made it less likely capable to the various features of
screen printing process like: complications of stencil
making process, mesh opening, stencil adhesion require-
ments with the screen, squeegee pressure, ink pigment
particle size and its viscosity etc.

The microscopic view of the dot reproduction is shown
vide in Figures 9-14 that gives a better understanding
about the nature of dot reproduction of both AM and FM
dots on coated and uncoated grade paper at different
screen mesh count.

Figures 9a-9f represent the microscopic image (enlarged
to 80x) of 30% dot area printed on both coated and
uncoated paper substrates produced by different com-
binations of screen mesh. The image is made up of AM
dots only. Figure 9c shows that 140 Ipi screen mesh on
coated paper provides the sharp image with uniform ink
distribution which confirms the Taguchi’s GRA ranking
made in the analysis. Figure 9b represents image
printed through 120 Ipi on coated images are darker in
appearance and hence it confirms the analysis made

by Taguchi’s GRA method which is the second best.

Figures 10a-10f show the microscopic images of 50%
dot area of print made up of AM dots on both coated
and uncoated papers by using stencils made on dif-
ferent screen meshes. Figure 10c shows 140 Ipi mesh
gives the best print quality as compared to others. This
confirms the Taguchi’s GRA analysis results as obtained.

Figures 11a-11f represent the microscopic images of 70%
dot area of print of grey scale formed with AM dots taken
on both coated and uncoated paper substrates through
the stencils formed on different screen meshes. Figure
11c shows the minimum dot gain as compared to others.
This confirms the Taguchi GRA analysis as given in Table

9 and Table 16.

Figures 12a-12f are the microscopic images of the prints
of 30% dot area obtained through stencils made on
different Ipi screen mesh adopting FM dots. The pictures
show dot gain is minimum in print of 140 Ipi mesh on
coated paper but dots are irregular in shape in all

the cases.



Figures 13a-13f represent the microscopic images of
prints obtained through stencils made on different Ipi
screen mesh by using FM screening. These shows that

dots are not at all clear and gain is more in all the cases.

Figures 14a-14f are the microscopic images of 70% dot
area of FM dots through the stencils made on different
Ipi screen meshes. This shows dot gain is minimum

in case of 140 Ipi mesh on coated paper vide Figure
12c which confirms the Taguchi’s GRA analysis.

100 Ipi, Coated Paper 120 lpi, Coated Paper
(a) (b) (c)

140 Ipi, Coated Paper 100 Ipi, Uncoated Paper

Conclusion

The experimental study conducted with this research
work was designed in such a way to find the influence of
AM and FM dots on coated and uncoated paper under
three different screen mesh ruling in the screen printing
process. The print quality assessment was done through
the scientific approach of Taguchi’s Grey Relational
Analysis by considering the major factors influencing the
print quality such as solid ink density, dot gain, hue error

120 Ipi, Uncoated Paper
(d) (e) (f)

140 Ipi, Uncoated Paper

» Figure 9: The microscopic view of AM dot at 30% dot area

100 Ipi, Coated Paper 120 lpi, Coated Paper 140 Ipi, Coated Paper 100 Ipi, Uncoated Paper 120 Ipi, Uncoated Paper
(a) (b) (c) (d) (e)

» Figure 10: The microscopic view of AM dot at 50% dot area

100 Ipi, Coated Paper 120 lpi, Coated Paper 140 lpi, Coated Paper 100 Ipi, Uncoated Paper 120 Ipi, Uncoated Paper
(a) (b) (c) (d) (e)

» Figure 11: The microscopic view of AM dot at 70% dot area

100 Ipi, Coated Paper 120 lpi, Coated Paper 140 Ipi, Coated Paper 100 Ipi, Uncoated Paper 120 Ipi, Uncoated Paper
(a) (b) (c) (d) (e)

» Figure 12: The microscopic view of FM dot at 30% dot area

100 Ipi, Coated Paper 120 lpi, Coated Paper 140 Ipi, Coated Paper 100 Ipi, Uncoated Paper 120 Ipi, Uncoated Paper
(a) (b) (c) (d) (e)

» Figure 13: The microscopic view of FM dot at 50% dot area

100 Ipi, Coated Paper 120 lpi, Coated Paper 140 lpi, Coated Paper 100 Ipi, Uncoated Paper 120 Ipi, Uncoated Paper
(a) (b) (c) (d) (e)

» Figure 14: The microscopic view of FM dot at 70% dot area

140 Ipi, Uncoated Paper
(f)

140 Ipi, Uncoated Paper
(f)

140 Ipi, Uncoated Paper
(f)

140 Ipi, Uncoated Paper
(f)

140 Ipi, Uncoated Paper
(f)
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and print contrast. The tonal reproduction curve at 5%
to 100% dot coverage is plotted for dot area, dot gain,
hue error and the print contrast. Moreover, this research
work employed the systematic implementation of Tagu-
chi’s Grey Relational Analysis Technique in the print qual-
ity assessment in a most reliable and meaningful way.

The results show that the screen printing quality is
dependent on the screen mesh count. Printing with a
high screen mesh counton smooth surface paper will
give the best result in screen printing. The AM dots

will work better in the middle tone region with a good
tonal value transition from highlight to shadow region.
Meanwhile, the FM dots are capable to give the vibrant
color especially at the solid density regions than that of
AM dots but fail to reproduce the middle tone densities
with a smooth tonal transition. There is a huge shift of
tonal value are obtained at the middle tones for FM
dots. The accurate reproduction of FM dots in screen
printing is dependent on the mesh count and some
other crucial factors like adaptation with proper stencil
making process, adhesion with screen mesh, squeegee
pressure, ink parameters etc. The printing on uncoated
paper with low mesh count will leads to high dot gain
and it is a poor choice for high quality precision works.
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Revolution-bump mapping with
texture function adjustment

according to the geometry

of the revolved object

ABSTRACT

Nowadays, 3D computer graphics are firmly anchored in our daily lives,
extending across a multitude of distinct fields. Although each field follows its
specific objectives, two major objectives are taken into consideration: realism
and rendering speed. This is why image-based rendering (IBMR) techniques,
such as revolution mapping, are gaining interest. Revolution-bump mapping
is an image-based rendering that allows the creation of 3D objects in

their entirety and without using polygonal meshes. The objective of the
study presented in this paper is to improve the revolution-bump mapping
technique as well as its extensions while ensuring that the application of
textures on revolved surfaces is realized adequately. This development

will allow the creation of pre-existing revolve models, while maintaining

the essential rendering speed requirements for real-time rendering.

KEY WORDS
Computer graphics, Revolution mapping, Image-based modeling and
rendering, Bump mapping, Ray-tracing
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Introduction

Furthermore, the appearance of the microreliefs con-

stituted a problem in real-time rendering due to their

Based on traditional methods, real-time rendering still
suffers from the number of vertices and polygons that
the graphics cards need to handle, which affects the
interactivity of rendering complex 3D scenes.

diminutive size to be created by a mesh that requires a
series of decomposition into a set of triangles, moreover,
they represent a lot of details which make them difficult
to simulate for shading functions and this because of
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visual poverty. So, it is often necessary to make sacrifices
by decreasing the number of polygons constituting the
3D scene so that it can maintain a reasonable display
rate and consequently reduce the rendering quality.

The reason that pushed us to move towards alternative
methods to polygonal mesh, namely image-based ren-
dering and more precisely revolution mapping because
it uses only a single RGBA texture to create 3D objects.

Revolution-bump mapping is a technique that combines
two different approaches: revolution mapping and bump
mapping (Ragragui et al., 2018). Revolution mapping is
based on the use of a binary form stored in a 2D tex-
ture, which we call a shape map. During the rendering
stage, the model to be revolved is represented by only
the pixels with zero values. This method is based on

the ray tracing algorithm to find the intersection point
of the viewing ray and the revolved surface by using an
empty space which is calculated using the Euclidean
Distance Transform (EDT) computed from the binary
form (Danielsson, 1980; Fabbri et al., 2008; Gustavson
& Strand, 2011). On the other hand, bump mapping
consists of adding more realism to 3D objects by sim-
ulating micro-reliefs during the shading phase. It uses

a displacement map to disrupt the normals associated
with the 3D surface to produce a microrelief effect.

Unfortunately, revolution mapping faces a recurring
problem of poor texturing of revolved surfaces. Indeed,
it has gaps in the ability to adequately apply textures
to these surfaces due to the use of inappropriate
texturing functions. This article aims to present an
innovative solution that relies on the configuration of
the revolution object to select the appropriate textur-
ing function. Indeed, the two types of textures used
for the revolved object, namely the color texture and
the displacement map, prove insufficient to ensure
optimal texturing of the surface of the 3D object,
whether in terms of colorimetry or microreliefs.

As can be seen in Figure 1, the direct application of
the texturing function presents problems in adapt-
ing texture to the shape of 3D objects. Looking at

the object at the top of Figure 1a, it can be seen that
spherical projection does not guarantee appropriate
texturing, whereas the object at the bottom is ade-
quately textured. On the other hand, in Figure 1b, the
cylindrical projection guarantees perfect texturing

of the object at the top, but the object at the bot-
tom does not benefit from satisfactory texturing.

In this study, we propose an approach that uses the
specific geometry of the revolved object to guide the
choice of texturing method. This approach aims to
solve the problems inherent in texturing the surfaces
of a revolution, considering the coloring and rendering
requirements of microreliefs.
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By determining the texturing method based on the
shape and characteristics of the revolved object, we
aim to overcome the limitations of revolution bump
mapping and enable the creation of 3D renderings
that respect both visual realism and detail accuracy.

Related Work

One of the most popular techniques for real-time ren-
dering is texture mapping. It allows to add realism to a
computer-generated 3D object (Catmull, 1974; Heckbert,
1986; Blinn & Newell, 1976). Another use of texture map-
ping is presented by the authors Lim et al. (2023) and
Kao, Chen & Ueng (2023). It is the oldest and simplest
of the image-based techniques. Its goal is to determine
the relationship between texture elements defined in 2D
space and surfaces defined in 3D space. Bump mapping
was introduced by Blinn (1978). This method reproduces
microrelief on 3D surfaces without changing their
geometry. A displacement value is calculated based

on the partial derivatives of the applied texture, which

is used to perturb the normal of a given surface.

Parallax mapping (Kaneko et al., 2001) is a technique
similar to bump mapping, but based on different prin-
ciples. It allows to significantly increase the detail of

a textured surface, even if this detail is an illusion.

It aims at displacing the texture coordinates to find
approximately the intersection at which the height
map's relief and the viewing ray, given in tangent space,
cross. Further improvements are presented by the
authors Welsh (2004) and McGuire & McGuire (2005).

To add detail, the height map's values are used in the
displacement mapping (Cook, 1984; Lee, Moreton &
Hoppe, 2000). It was able to hide almost all the defects
of bump mapping by completely changing the sur-

face geometry instead of just perturbing the normals.
This approach is based on dividing the 3D surface into
sub-polygons and displacing them along their normals
using distances extracted from a displacement map.
The method used is different from that described in the
papers by Gumhold & Huttner (1999) and Doggett &
Hirche (2000), which significantly modified the geom-
etry to reduce the number of triangles produced

as a function of viewpoint. To reduce the polygon
generation, they proposed the adoption of an adap-
tive subdivision based on the displacement map.

View-dependent displacement mapping is a technique
suitable for real-time rendering. It relies on preprocess-
ing to compute a texture (Wang et al., 2003). The goal
is to move the surface by performing calculations at the
texel level, thus optimizing performance. A significant
improvement of this method is presented in Wang &
Dana (2005), where the use of a compression method is
introduced to meet high memory requirements.



Another interesting extension is discussed in Wang et
al. (2004), which aims to generalize the displacement
map approach under the name "GDM" (Generalized
Displacement Maps).

(a) (b)

» Figure 1: lllustration of texturing function problem of
revolved objects. (a) The spherical projection (b) The
cylindrical projection

The ray tracing method aims to use the viewing ray

to find the intersection point, sometimes referred to

as linear search. It has only been used in the context

of parallax mapping in the research by McGuire &
McGuire (2005), and as a first step in the the papers

of the authors Policarpo, Oliveira & Comba (2005) and
Tatarchuk & Natalya (2006). Unfortunately, relying solely
on linear search results in stair-step artifacts, unless very
narrow intervals are used. This issue was resolved by
the method suggested in Tatarchuk & Natalya (2006),
which involved combining a secant step with a fine
linear search (Wen, 2023; Yang & Jia, 2023; Wu et al.,
2024; Zellmann et al., 2022). Unlike ray tracing, which
follows light rays deterministically, path tracing uses

a probabilistic approach to calculate light paths in the
scene; This is a technique that uses the principle of ray
tracing but in a different way (Chen, Chen & Yu, 2023;
Wald & Parker, 2022; Wald, Jaro$ & Zellmann, 2023).

The combination of secant and linear searches offers
a solution for improving ray tracing (Yerex & Jager-
sand, 2004). A further improvement to this technique
is introduced in Risser, Shah & Pattanaik (2006),
where the secant method is repeated several times
to accurately determine the intersection point.

The key advantage of per-pixel displacement mapping

is its ability to enhance the reality of surfaces without
adding complexity to the mesh structure, making it an
exciting evolution of the per-vertex displacement map-
ping method previously described in Patterson, Hoggar
& Logie (1991). This technique overcomes the bottleneck
caused by the significant number of graphics primitives
sent to the graphics processor as part of vertex displace-
ment mapping.

Per-pixel displacement mapping relies on ray-tracing
technology to accurately determine the texture coo-
rdinates for each pixel with respect to the displace-
ment map.

Surfaces of revolution are commonly used in various
sectors such as engineering, architecture and 3D mod-
elling, as they can be used to generate refined and com-
plex shapes (Li & Li, 2022). Several technigues are based
on this approach, including extrusion mapping and
revolution mapping, as discussed in Halli et al. (2009)
and Halli et al. (2010).

Both methods use shape maps to create 3D surfaces. To
increase the realism of the generated surfaces, various
improvements have been made to both approaches, as
shown in Ragragui et al. (2020), Ragragui et al. (2018),
Ragragui et al. (2022) and Chahdi et al. (2021b).

To quickly converge to the intersection point, sphere
tracing uses spheres to encode the empty space
(Hart, 1996). It was subsequently adapted for the
intersection point by using ray-tracing and the
height map (Donnelly, 2005). Further improve-
ments were presented in Fabbri et al. (2008) and
Gustavson & Strand (2011), which aim at perfect-

ing the algorithm for calculating distance maps.

Cone tracing determines the empty space around each

pixel of the depth map in the pre-processing stage as an
open cone at the top, and then stores its ratio in a cone
map. During the rendering stage, the cone map is used

to accelerate the convergence to the intersection point

of the viewing ray and the surface, so that there is no

chance of missing it. This approach comes in two flavors:

a relaxed version (Policarpo & Oliveira, 2007) and a
conservative version (Dummer, 2006). Both variants of
cone mapping have been extended in Halli et al. (2008)
and Chahdi et al. (2021a).

Due to its ability to speed up convergence to the
point where the viewing ray intersects with the
relief, relief mapping is one of the most popular
methods for real-time rendering (Policarpo, Olivei-
ra & Comba, 2005; Policarpo & Oliveira, 2006;
Chahdi et al., 2018). This technique is an evolu-
tion of the relief texture mapping method intro-
duced in Oliveira, Bishop & McAllister (2000).

Shadow mapping is a widely used technique that
provides satisfactory results and is characterized
by the fact that is relatively easy to implement,
as suggested in Wang et al. (2003), Policarpo,
Oliveira & Comba (2005) and Wang et al. (2017).

The idea behind shadow mapping is quite simple: it is
based on the principle that the scene is illuminated
according to the viewpoint of the light source.
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A technique for interactive deformation and collision
with reliefs was presented in Nykl, Mourning &
Chelberg (2014). This technique can be seamlessly
combined with existing relief rendering techniques,
including parallax mapping, relief mapping, as well
as applications using displacement mapping.

Bump mapping

Rendering microrelief was one of the main issues, partic-
ularly in real-time rendering. Blinn proposed bump map-
ping as a microrelief simulation technique (Blinn, 1978).
As shown in Figure 2, this method involves adjusting

the 3D surface's normals to create the appearance of
microrelief. The principle is quite simple: it consists of
displacing the normals to a surface to induce variations
in shading, thus giving the illusion of relief without mod-
ifying the basic geometry of the 3D object. More con-
cretely, it is based on the partial derivatives computed
from a microrelief saved as a monochrome image known
as a height map, which entails displacing the normal
interpolated during the rasterization stage. Disturbed
normals are calculated using the following formula:

(1

By using the height map H(u, v) saved as a 2D grayscale
image, we can calculate the disturbed normal

N (u,v) for each pixel by using the formula (1).

» Figure 2: Comparison of a teapot rendered using
texture mapping (top) and bump mapping (bottom)

Revolution-bump mapping

Revolution mapping is a method for generating highly
convincing 3D objects without resorting to polygonal
meshes and presenting them interactively. The underlying
concept is to use a shape map, which holds the geomet-
ric information of the basic form, to build virtual surfaces.
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Figure 3 illustrates a geometric representation of the
base form's revolution, positioned on a box (shape box),
and highlights the process of searching the interse-
ction point.

There are four essential components in the revolution
mapping algorithm. Firstly, the shape map and dis-
placement map are essential for precisely defining the
geometry and displacement variations (microreliefs)
associated with the basic form. Secondly, the ray-tracing
algorithm plays a crucial role in visual creation by calcu-
lating the interactions between the viewing ray and the
revolution surface. The last other components are the
shading process that adds lighting and shadow effects,
contributing to the realism of the final 3D object, and
the shape box that provides a reference element for
positioning the basic form and managing intersections.

Shape and displacement map

These two maps are obtained during the pre-processing
phase. They contain the essential information for gener-
ating the surface of revolution (shape map) and for
adding realism (displacement map).

Shape map: The data for the revolution mapping algo-
rithm is contained in this map, which is an RGBA texture
(Figure 4e). The alpha channel saves a binary image that
represents the basic form (Figure 4a). The distance map
is kept in the blue channel (Figure 4b).

Finally, the red and green channels contain the
gradient values along x and y, which are used to
calculate the normal coordinates (Figure 4c,d).

» Figure 3: The shape of a piece of jewelry placed at the
center of a box and the process of finding the point of
intersection p, .

Displacement map: the partial derivatives 0H(u,v)
are calculated as a function of u and v from the
height map H(u,v) (Figure 5a), then saved in the red
and green channels (Figure 5b and c) of a 2D tex-
ture called the displacement map (Figure 5d).



Before starting the rendering phase, the two maps; the
shape and the displacement map; are transferred to the
graphics card.

Basic shape Distance map

(@) (b)

Shape map
(e)

The x and y values of normal
(c) (d)

» Figure 4: Example of different data. (a) The alpha
channel. (b) The blue channel. (c) Red and (d) green
channels. (e) Shape map stores all this data

Height map
H(u,v)

Red channel Green channe

Displacement map

» Figure 5: Example of displacement map dH(u,v) for
which we store the partial derivatives of H(u,v)

Ray tracing

Finding the intersection point is the first step in the
revolution mapping algorithm. For this, the technique is

based on ray tracing, whose goal is to use the distances
d recorded in the shape map to locate the intersec-
tion of the viewing ray and the revolved surface. The
current pixel has coordinates (u,v), and the start point
p, of the search has coordinates (x, y,, z,)=(u,v,0).

The normalized viewing ray is determined from the
viewing point to the starting point p,. The blue chan-
nel (figure 4b) is used, at each point p, to extract the
distance d. The point p,, is calculated by the formula:

-

=p+d.V (2)

pi+1 i i p

» Figure 6: At the intersection point p, , the process for

computing the tangent and normal vectors

To access the shape map and retrieve the distance

d, between the current point and the form, the revolu-
tion algorithm uses the coordinates (s,t,) (Figure 6).
Using the equation below:

(si, ti)= (IRl z) with: R = (x,= 0,,y,= 0) 3)

Shading

For each intersection point found by the ray tracing
algorithm, the next step is to identify the tangent
space (TBN). This space will enable shading of the
pixel correctly using the following equation:

IG, (u,v)H;, (wv)

(u, v) = ﬁUu ﬁUu (4)
IN_ )+ @l

int

g _ [a.0HwY) - = _ a.0H(uv) - g
D, (u' U) - ( du (Nint A Bint) v (Nint A Tint)) (5)

According to Figure 6, the normal is constituted by
the components G, _and Gy of the gradient unit:

- Ginty) (6)

The tangent can be determined by the
following equation:

- Rmtx Rmty
N =[G G
int

int i R int. g
xRN x IR
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I Rint Rint
T =|G - G ~, -G (7)

int int g ! int g ! int
y IR, y IR, y

The vector L3>‘nt is calculated by using the formula:

-

B =T AN (8)

int int int

Shape box

Applying the shape map to a simple polygonal mesh
structure, such as a plane as shown in Figure 7a, will not
completely render the 3D object created by revolution
mapping. This is because the geometry is only visible
from the textured surface of the polygons. To create and
display complete 3D objects regardless of the viewing
ray direction, this technique implements a solution that
consists of enveloping the virtual volume in revolution
with a shell space made of a single box. This envelope is
called a shape box (Figure 7b).

(b)

» Figure 7: Highlighting the problem associated with
applying the shape map to a simple plan (a)
This problem is solved by using a shape box (b)

Texturing function

In the context of our contribution, our goal is closely
related to the precise determination of the color of a
revolved object.

To achieve this, we rely on two fundamental elements:
the color map and the displacement map. These ele-
ments are crucial for each intersection point p,_.

The process we've developed consists of several key
steps. First, it is imperative to accurately calculate the
texture coordinates, which we denote by (§ _, n, ).
These coordinates are of paramount importance
because they are used to access the information
contained in the color map and the displacement map.
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These maps meticulously wrap around the revolved
object (Figure 8).

» Figure 8: To properly texture the revolved object
(below), we need to apply the color map to the object
and the partial derivative map, using the appropriate
projection for the object

By accessing the color map, we can extract the
information needed to determine the specific color of
each intersection point. In addition, by consulting the
displacement map, we have the elements we need to
evaluate displacement variations as a function of posi-
tion. This is crucial for our purpose, as it allows us to
retrieve the desired values related to the color and
displacement properties of the 3D object.

Direct use of the coordinates (x, .y, .z, ) allows only
simple mapping with planar projection, which is well
suited for a flat surface, but not for a revolved surface.
The latter requires cylindrical or spherical projection,
as shown in Figure 9. This distinction becomes clear
when we look at Figure 9, where we can easily see
that the use of a spherical or cylindrical projection
must be adjusted according to the specific gecometry
of the revolved object. This adjustment is crucial to
avoid visual errors, which are marked in Figure 9.

This problem also arises when revolution mapping is
extended to variations such as revolution-bump map-
ping, extended, beveled, or chamfered mapping. Our
fundamental goal is to give revolved objects a realistic
texture that reflects their shape and appearance. To
achieve this, we propose a two-step methodology. In
the pre-processing stage, we propose to associate the
appropriate projection type directly with the revolved
object by integrating it with the name of the shape map.
This approach greatly simplifies the management of dif-
ferent projections and ensures that each object receives
the correct texture according to its unique geometry.

However, the key step is the rendering phase. This is
where the information previously encoded in the name
of the shape map comes into play.



» Figure 9: Rendering of the various 3D objects created in real-time by revolution-bump mapping, using spherical
projection (left) and cylindrical projection (right). The red outline shows the texturing defects on the revolution surfaces

During the rendering stage, we extract this information
to select the projection that perfectly matches the
revolved object that we want to render.

By doing so, we succeed in transcending the constraints
of simple projections and offering realistic textures, thus
contributing to the visual quality and verisimilitude of
revolution-generated objects, as shown in Figure 9.

To accurately ascertain the texture coordinates, and
given that the texturing process must be applied to each
replica, it is imperative to consider only the fractional
portion of the intersection point coordinates:

(x'i’ yli’ Z'i) - (xi’ Yy ZL') - (E(xl-)' E(yi)' E(Zl-)) (9)

Cylindrical projection

For cylindrical projection mapping, we use the cylindri-
cal coordinates of the intersection point p, , expressed
with respect to an axis centered on the shape box:

(10)
With:
m)
We deduce the value of @:
Q= atanZ(yim - 0.5, X, .~ 0. 5) (12)

The texture coordinate n,_ is equal to z', .
Asfor ¢ , it changes from O to 1when @
changes from 1 to-n. We then have:

(13)
For revolution-bump mapping, use (OX,OV)
instead of (0.5,0.5) if the axis of revolu-
tion is not centered on the shape box.
Spherical projection
Based on the intersection point's spherical coordinates,
the spherical projection mapping is produced, expressed

with respect to a reference frame placed at the centre
of the shape box.

(14)

With:

We deduce the values of ¢ and 6:

(16)

€, variesin [0,1] when ¢ goes from tto 1, and n, _int
varies in [0,1] when 6 goes from mt to 0. Then we have:

(17)
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Results and discussion

In the pre-processing stage, we implemented the
algorithms using the C++ language to produce the
displacement map and the shape map. During the
rendering stage, we exploited OpenGL and its
parallel processing language, GLSL, to create the
vertex and fragment shaders.

During the rendering stage, in addition to the coordi-
nates associated with the shape box, the two maps creat-
ed during the preprocessing stage are transmitted to the
graphics card. The analyses and illustrations were exe-
cuted using an 8CPU Intel Core i7-11657G7 architecture
at 2.80GHz, equipped with 8GB of RAM, and a GeForce
MX330 graphics card with 4GB of dedicated memory.

In this paper, the images provided were taken during

a test in which the box occupies a significant part

of the screen. We would like to note that the total
number of iterations to find the intersection is 20,
except for the beveled revolution mapping (35 iter-
ations, of which 10 are for binary refinement), as

well as the revolution mapping with chamfer (20
iterations, of which 35 are for the chamfer phase).

e=0.25

b=04

As shown in Figure 10, our approach correctly textures
objects created by the revolution-bump mapping
extensions: outward, beveled, and chamfered rev-
olution-bump mapping. Our contribution perfectly
adapts to the geometry of the rendered object.

Figure 11 shows additional examples of well-textured
surfaces, using either cylindrical or spherical projection,
depending on the object's geometry. These 3D objects
are generated with revolution-bump mapping, using
various shape and displacement maps. We can empha-
size how many different kinds of objects can be made
with this technique, as well as how many graphical
primitives (polygons and vertices) can be avoided.

Figure 12 shows 3D objects rendered using revolution
bump mapping with spherical projection (Figure 12a)
and cylindrical projection (Figure 12b) by applying
repetition to the texture and displacement map.

It should be noted that the improvement presented in
this paper also applies to the other revolution mapping
techniques, i.e. revolution with mirror and repetition
(see Figure 13).

b=0.6 c=06

» Figure 10: Extension of revolution-bump mapping. (a) Outward, (b) Beveled, and (c) Chamfered revolution-bump
mapping. For each method, the spherical projection is on the left and the cylindrical one is on the right

» Figure 11: Various objects are rendered using revolution-bump mapping by adjusting the texturing function to the
rendered surface. (Top) Cylindrical projection. (Bottom) Spherical projection
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(a) (b)

» Figure 12: Various objects are rendered using revolu-
tion-bump mapping with adjustment of the texturing
function and application of repetition to the texture
and displacement map. (a) Spherical projection. (b)
Cylindrical projection

» Figure 13: Various objects are rendered using revolu-
tion-bump mapping with adjustment of the texturing
function and application of repetition to the texture
and displacement map

Note that our contribution has no impact on rendering
speed. There is not much difference between revolu-
tion-bump mapping and revolution-bump mapping with
texture function adjustment according to the geometry
of the revolved object. Our improvement fully preserves
all the features and properties of revolution-bump map-
ping and its extensions. In addition, we found that this
improvement has no impact on the complexity of the
raytracing algorithm since the revolution mapping algo-
rithms always have linear complexity in O(n). As a result,
the complexity of the algorithm is always linear. It's

also worth noting that the memory used by the shape
map does not exceed 10 MB, while the partial deriva-
tives map does not exceed 4 MB. This ensures that the
memory of the graphics card is not saturated, thus guar-
anteeing the continuous interactivity of the 3D scene.

Conclusion

This research presents an enhancement of revolu-

tion-bump mapping and its extensions. Our contribution
makes it possible to adjust the texture of the revolution
surface in real-time while enriching the visual quality of

the rendered objects. This improvement avoids over-
loading the graphics pipeline that can result from pro-
cessing a large number of polygons and vertices.

It focuses on determining the displacement and color
values at each intersection point using the displacement
map and color map.

This requires a careful determination of the texture
coordinates and an adaptation of the texturing function
to the geometry of the revolved object. for this, we have
included the type of projection in the name of the shape
map which will be appropriate to the object to be gener-
ated during the rendering phase. Our contribution relies
only on the use of two different textures, a box, and the
tangent space at each intersection point.

The first texture, or shape map, is used to generate

the revolved surface, and the second texture, or dis-
placement map, is used to integrate the microrelief
effects. However, in the rendering stage, we adapt the
rendering of the 3D object by using the appropriate
texturing function. The improvements we propose are
in line with the two goals we set out in the introduction:
to meet rendering speed requirements and to present
revolution models in a particularly convincing way.
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