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Abstract— Currently, most smart device functionalities are not available in e-paper devices. Furthermore, the instant 
messaging system page and menu sliding mechanism is unsuitable for use in e-paper devices. In this paper, we proposed an 
instant paper message (PM) system similar to the smart device LINE instant message system. Due to the characteristic of 
electronic paper device, PM will not have the sliding mechanism. In the current e-paper device, switching to a new page is 
characterized by either black-out and white-out lag effect which is annoying and delays display of the designated new page. In 
PM, the new page mechanism problem will be improved. Experimental results showed that PM is feasible on the e-paper 
device. The display lag of new page switch is also significantly reduced. The PM may be used by Web API to provide more 
applications and usages such as classroom management, online classroom and other academic applications. 
 
Index Terms—E-paper, Instant Messaging, Interface Design.  
 
I. INTRODUCTION 
 
In recent years, there has been a rise on environmental 
and health awareness. Much attention is being focused 
on e-paper devices as replacements for paper products 
such as the traditional book. E-paper and paper 
products are both based on reflective displays. 
Reflective and transmissive displays are different in 
that reflective displays do not use backlights but the 
reflection of light. By not using backlights, the eye 
would be less fatigue [6]. Therefore, the E-paper 
device has the advantage of less eye fatigue [7] than 
other devices such as liquid crystal displays (LCDs). 
Prolong exposure to transmissive LCD displays can 
result in serious eye problems and are especially bad 
for school-age children. Therefore, e-paper devices 
are particularly suitable for applications in education, 
such as electronic teaching, classroom and digital 
learning materials.  
However, E-paper devices are slower than most LCD 
devices. The screen of e-paper device requires a 
response speed of 100ms~500ms in comparison to the 
LCD screen response speed of 5ms~50ms. The 
difference allows LCDs to include functionalities such 
as sliding pages, sliding menus, and pop-up menu. 
The e-paper screens are slow. The continuous displays 
from sliding pages also showed extreme blurring (see 
Fig.1a). Page refresh is all black or all white before 
switching to a designated new page. The reason is that 
e-paper e-ink is controlled by backplane voltage. 
However, voltage and e-ink color is not a linear 
relationship. During page switching, if the screen is 
not refreshed either all black or all white then the 
backplane drive voltage corresponding to the colors 
might be inaccurate. This resulted in screen color 
ghost (see Fig.1b). 

 
Fig.1b. Ghost 

 
This study proposed a two part improvement to the 
e-paper device. First, is to improve non-continuous 
approach for e-paper devices to decrease blurring 
effect by applying non-continuity when pages are 
switched continuously. Switching pages requiring 
refresh all black or all white will be reduced by 
integrating simulation sliding effects to increase page 
changing speed. The second part is to develop an 
e-paper dedicated instant messaging system called 
Paper Message (PM). PM is similar to the instant 
messaging system used in smart devices except that it 
is tailored to the e-paper device characteristics. 
Comparisons will be made with the currently 
well-known instant messaging system LINE [4]. 
 
II. LINE INSTANT MESSAGING SYSTEM 
 
LINE is an instant messaging system for smart devices. 
LINE provides a variety of instant messaging services, 
(see Fig.2). Content of communication can be in the 
form of text, images, video and chats. Users can chat 
with friends on one-to-one basis or one-to-many in 
group chatting. Users create their own groups and 
invite friends to join the groups. Users can quickly 
share all kinds of messages to all members of the 
group. In addition, there are also message texting. 
These highly interactive functions improve user 
interactions and results in greater user satisfaction [2]. 
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The interface design of LINE takes advantage of the 
main features of smart mobile devices, by using a 
variety of animation effects to enhance user 
experience [1]. Animation effects include page sliding, 
page switching, sliding menu and a variety of pop-up 
menus [3]. LINE uses a lot of multi-level page 
switching. This characteristic is unsuitable for the 
display characteristics in e-paper devices. Therefore, 
LINE functionalities cannot be used directly on 
e-paper devices. 
 
III. THE PROPOSED PAPER MESSAGE (PM)  
 
Page switching displays in E-paper devices are slow 
and results in ghost image remnants. This paper 
proposed the Paper Message (PM) by modifying the 
original page switching mechanism of the e-paper 
device to decrease the time for displaying screens and 
to decrease the ghost image remnants. Fig.3 shows the 
change in the number of all black and all white screens 
required during page switching in the propose PM as 
opposed to the original e-paper device. With the 
reduction in the requirement for all black and all white 
screens during page switching, the ghost image 
remnant phenomenon is also reduced. This is because 
less time is required with less all black and all white 
screens needed for processing. 
 

 
Fig.3. Example to reducing ghost image remnant 

 
Furthermore, to reduce all black and all white screens 
similar functions are processed at the same time. Fig.4 
shows that each function F might require up to i all 
black and all white screens to switch to the final screen 
i. On the other hand the mechanism used in PM is to 
process similar functions together (see Fig.4). The 
numbers of all black and all white screens are thus 
greatly reduced. 

 
Fig.4. Reducing the number of required screens for functions 

 
The foundation of PM is based on the instant 
messaging LINE system architecture. The developed 
system architecture is as shown in Fig.5. 
 

 
Fig.5. PM system architecture 

 
PM provides a mechanism for friends, groups and 
accounts, and provides one-on-one and one-to-many 
messaging services. Besides message texting, it also 
allows images and files. However, its functionality is 
limited by the e-paper device. Functions such as send 
video, send recording, and internet phone are not 
allowed in PM. 
 
IV. EXPERIMENTAL RESULTS 
 
The experimental testing is divided into three parts. 
The first part compares the difference in functionality 
between PM and LINE. The second part compares for 
with vs. without animation effects of PM and LINE. 
The third and final part compares the number of page 
changes of PM and LINE. The experiments will use 
Onyx [5] the e-paper devices BOOX M96 Plus. 
Specifications are shown in Table I. Fig.6. shows the 
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display screens in PM. 
 

Table I: Specification of the devices used in the 
experiments 

 
 

 
Fig.6. Display screens of PM 

 
Table II shows the functionality results comparison 
between PM and LINE. PM is developed based on 
LINE concept and functionality. However, some 
functionality is not available or unsuitable for used in 
e-paper devices. These include send video, send audio, 
internet phone and dynamic messages. Therefore, 
these functions will be considered in PM. 

 
Table II: Functionality comparison of PM vs. 
LINE 

 
 

Next is the comparison of animation function between 
PM for e-paper devices and LINE on smart devices. 
The comparison is on the popup menus and page 

changing. Table III shows the comparison of 
animation used in PM and LINE. LINE uses a variety 
of animation effects such as slide page, slide menu and 
popup menus. PM uses a static non-animated paging 
mechanism for use in the e-paper devices where the 
black/white paging, ghost and extreme blurring are 
reduced. 

 
Table III: Compare the use of animation effect PM 

and LINE in the system 

 
 

Next, PM and LINE were compared for the display 
interface functions. Comparisons include simplify 
manipulation and reduced page switching. 
Calculations are made from the start of beginning 
page to popup warning window or completion of a 
function. The final result is the calculated shortest 
path for the function. Calculated consideration is only 
for full screen refresh. Refresh on an area is not 
included in the calculation (see results in Table IV). 

 
Table IV: Comparing PM and LINE page 

switching 

 
 

aempirical e-paper device fastest reaction time is 50 
ms, and each page switch refreshes at least 3 times 
(page refresh all black; then refresh all white to finally, 
page display). Therefore, one page switch estimated 
time is 150ms. 
As shown in the results, PM requires relatively fewer 
page switching in comparison to LINE when 
performing similar functions. The reduced page 
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switch is significantly 2 times from 25% to 50%. 
Reduce page switching time is significantly reduced 
by at least 300ms. Therefore, the proposed PM can 
effectively simplify manipulation of interface 
functions and reduce page switching. PM in e-paper 
devices can effectively reduce screen refresh all black 
or all white by reducing page switching. 
 
CONCLUSION 
 
In this paper, we propose an improved method for 
displaying based on the characteristics of e-paper 
devices with the development of the instant message 
system PM dedicated for the e-paper device. 
Experimental results showed that although PM 
compared to LINE has less functionality, it is suitable 
for use in e-paper devices. Results showed that 
extreme blurring from page switching is significantly 
improved in PM. Furthermore, manipulation of the 
interface pages is simplified and there is significant 
reduction of all black and all white page switching 
effect. 

                                           

REFERENCES 
 

[1] Chang, B., & Ungar, D. “Animation: From Cartoons to the User 
Interface”. ACM symposium on User interface software and 
technology, pp. 44-45, 1993. 

[2] Teoa, H., Oha, L., Liua, C., & Weib, K. “An empirical study of 
the effects of interactivity on web user attitude”. International 
Journal of Human-Computer Studies, vol. 58, no. 3, pp. 281-305, 
Mar 2003. 

[3] Bittner, J. V., & Zondervan, R. “Motivating and 
achievement-eliciting pop-ups in online environments:A user 
experience perspective”. Computers in Human Behavior, vol. 
50, pp. 449-455, Sep 2015. 

[4] Please refer to LINE Corporation Web site (http://line.me/). 
[5] Please refer to Onyx BOOX Web site 

(http://www.onyx-international.com/). 
[6] Chang, P., Chou, S., & Shieh, K. “Reading performance and 

visual fatigue when using electronic paper displays in 
long-duration reading tasks under various lighting conditions”. 
Displays, vol. 34, no. 3, pp. 208-214, Jul 2013. 

[7] Benedetto, S., Drai-Zerbib, V., Pedrotti, M., Tissier, G., & 
Baccino, T. “E-readers and visual fatigue” 
. PLoS ONE, vol. 8, no. 12, pp. 1-7, Dec 2013. 

[8] Fu, Y., & Liu, Y. “Digital Copyright Protection-Oriented EPD 
Electronic Teaching Materials Design and Implement”. 
Proceedings of the Third International Symposium on Computer 
Science and Computational Technology (ISCSCT ’10), vol. 2, 
no.1, pp. 163, Aug 2010. 

 
 
 

 
 

 
 
 
 


