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Abstract

Procurement of computers for infrastructure that supports learning in schools requires a lot of money. The application of the Computer
Thin Client system can be an alternative solution to these problems. The use of thin client computers, can reduce resource use, so that it
can make costs more efficient. The use of single board computers, is also a cost efficiency, as a substitute for computers. This system
consists of one server and several single board computers as thin clients. In a Computer Thin Client network, the server has a very im-
portant role that functions as a processor and serves the activities of the client that performs the input / output process. This system also
features a monitoring function to monitor the performance of resources from servers and client activities. In this study, the processes
carried out by the development of server and client system infrastructure, build LTSP for the formation of thin clients and resource shar-

ing, as well as the development of monitoring systems.
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1. Introduction

The use of computers for schools, both elementary and high
school, is considered very important. "Education Sector Analytical
and Capacity Development Partnership (ACDP) Consultant Totok
Amin Soefijanto said that the government needs to align technolo-
gy in the world of education so that young people can compete
when entering the era of the ASEAN Economic Community
(MEA)" Jakarta, CNN Indonesia 2015. Information Technology
Utilization and Communication (ICT) as a learning medium has
begun to be applied in many schools in Indonesia. "The Head of
the Education Information and Communication Technology
(Pustekkom) Center of the Ministry of Education and Culture
(Kemendikbud), Ari Santoso, said that the number of schools that
apply ICT as learning media has increased significantly this year.
Compared to three years ago, the number of schools using ICT
now increased by 250 or amounting to 100,277 schools “SIN-
DONEWS.com, 2014”.

However, currently there are still many schools that have not used
and used computers, especially in remote areas because of many
problems, one of which is the absence or inadequate computer
equipment that can be used because it requires a large amount of
money to procure large amounts of Personal Computers (PCs).

The application of the Computer Thin Client system can be an
alternative solution to these problems. This system consists of one
server and several single board computers as thin clients. In a
Computer Thin Client network, the server has a very important
role that functions as a processor and serves the activities of the
client that performs the input / output process. Therefore, the serv-
er requires very high processor and internal memory specifications
and reliable software to maximize its function. This system also

features a monitoring function to monitor the performance of re-
sources from the server and client activities.

The construction of this thin client computer system can reduce
the procurement and operational costs needed when compared to
personal computers (PCs) for example in the construction of a
computer laboratory in schools. It is expected that the implementa-
tion of this thin client computer can make a user feel the same
experience using a personal computer (PC).

This system prototype was built by utilizing the resources owned
by the server then the resources were utilized by thin clients
through computer networks to process and input / output so that
thin-clients have performance equivalent to standalone personal
computers (PCs). This system prototype consists of: Server as the
processing center for input / output from thin clients, Single board
computer (SBC) as a thin client, Computer network infrastructure
in the form of wired connection or wireless connection as a thin
client communication line with the server, and resource sharing
application on server and client.

2. Internet of Thing

Internet of Thing is a concept that extends the utilization of inter-
net connectivity that is connected continuously. Originally intro-
duced by Kevin Ashton at MIT, defining the Internet of Things, as
a global network infrastructure, connects physical and virtual ob-
jects through data capture exploitation and communication capa-
bilities. Infrastructure consists of existing networks and the inter-
net and network development. All of this will offer object, sensor
and connection capability identification as the basis for the devel-
opment of independent co-operative services and applications. It is
also characterized by high levels of autonomous data capture,
event transfers, network connectivity, and interoperability.[1][2]
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Fig. 1: 10T Definition[3]
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Fig. 2: 10T Integration [4]

3. Thin Client Server Computing (TCSC)

According to Joel Canter, a thin client network is a network envi-
ronment where the client functions as a terminal that accesses data
and applications from the server computer. The data processing
process is done centrally by the server while the client only pro-
vides input from the keyboard and mouse and outputs in the form
of a display or image (display).

Fig. 3: Illustration of the Thin Client Server Computing[5]

In the first generation of computer networks, the concept of the
Thin Client Server Computing (TCSC) has also been used and is
better known as the dumb terminal, that is, the client is only used
to input and view the processed server in the form of a display.
One of the advantages of the Thin Client Server Computing con-
cept is compatibility. Existing systems, such as client-servers, can
be applied together on one network with the Thin Client Server
Computing. Because in its application Thin Client Server Compu-
ting does not change the overall system or infrastructure that al-
ready exists. [6]

Thin Client is designed for the efficiency and full use of compu-
ting capabilities of server computers which are now more than
enough to meet normal computing needs and on the other hand
reduce overall device usage, maintenance and investment costs
compared to fat client solutions. [7]

3.1. Virtual Desktop Infrastructure (VDI)

Virtual Desktop Infrastructure (VDI) is a virtualization technique
that can access to the desktop. VDI is a desktop copy of the oper-
ating system, applications and documents, which is stored and run
entirely from the server[8]. VDI provides services to clients to
access virtual desktop services through a web browser interface.
Recent study shows the performance of virtual desktop operating
system in Virtual Desktop.[9]

3.2. Linux Terminal Server Project (LTSP)

Linux Terminal Server Project (LTSP) is a project to create serv-
ers on the Linux operating system platform. LTSP provides an
easy way to use cheap servers with graphical and character inter-
faces on Linux servers.

With the LTSP application, clients with minimum capacity hard
disk (diskless) can access Linux servers and run various applica-
tions on the server. With LTSP we can use low-end computers;
without using a hard disk, floppy and CD-ROM; by only adding a
bootable NIC. That way the procurement costs of the device can
be minimized. [10]

4. LTSP Design

This LTSP system is a system that allows users with minimal
resources such as raspberry-Pi to experience such as using a desk-
top computer. The experience of desktop computers is obtained
from servers that are connected locally with thin clint. On the
server side, a set of applications will be built that can be used by
thin clients together through the local network. That is why users
with minimal resources such as thin clients are very suitable to be
applied in remote areas or for specific purposes such as book cata-
log search engines. This initial stage has several steps taken to
achieve the development of systems and applications.[11]
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Fig. 4: Proposed Designing of Computer Thin Client with LTSP

The Server spesification which is used in this research is:
1. Intel Core i5-6600K 3.5Ghz Up To 3.9Ghz - Cache 6MB
Socket LGA 1151 - Skylake Series
2. Motherboar LGA1151, Z170, DDR4
3. WDC25"1TB SATA 8MB
4. DDR4 PC19200 8GB (1X8GB)
Raspberry Pi model 3B+ is used as the thin-client which has spe-
sification as follows:
1. Broadcom BCM2837B0, Cortex-A53 (ARMvS8) 64-bit
SoC @ 1.4GHz
2. 1GB LPDDR2 SDRAM
3. 2.4GHz and 5GHz IEEE 802.11.b/g/n/ac wireless LAN,
Bluetooth 4.2, BLE
4. Gigabit Ethernet over USB 2.0 (maximum throughput 300
Mbps)
5. Full-size HDMI
6. 4 USB 2.0 ports
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5. Experiment Result

In this research, four Raspberry Pi Model 3B+ SBC is used as the
thin-client. Each thin-client will be tested during idle condition,
running high definition video (VLC Application) and running
office application (WPS Office Application). Figure 5 shows the
proposed Computer Thin-Client System in this research where star
topology used. This topology is used to facilitate development.
This allows the addition of a client at a time.
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Fig. 5: The Proposed Computer Thin Client System

Figure 6 and 7 show the condition of application in thin-client
while running an application. This is intended to see the client's
performance in running applications both those applications that
consume large resources such as multimedia applications and
lightweight applications such as a word processor. Moreover fig-
ure 8 shows the idle condition in Windows Server.
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Fig. 7: Word processor application in thin-client with ThinLinc Server

] ig. 8: Idle Condition in Multipoint Terminal Server (windows)

The result of the Thin Client system is shown in table 1, 2 and 3
for single user client using cable and using wireless communica-
tion with linux based server using x2go and thinlinc.

Based on observations recorded in tables 1 and 2 (linux based
server using X2GO) client performance is better by using a cable
connection than wireless. And along with the increase in the num-
ber of clients connected to the server, performance in running the
office application is not much different from only one client that is
connected. Another case in running multimedia applications, the
computing process on the CPU looks busier. Moreover, in running
multimedia applications by using wireless by four clients at the
same time, it doesn't even work at all to connect from server to
client except linux based server using thinklinc.

Table 1: LAN (X2GO)

" CPU (%) MEMORY [NETWORK (Bps)
G| Gl 1 2 3 4 (%) Receive | Send
1 |01dle 3.0 0.0 |00 |19.0 15.8 0 0
2 |1 Video 25.2129.3|21.8|18.0 20.9 202K | 1.0M
3 [1 Word 32.3[29.4|245]| 3.0 20.6 24.1K | 914.2K
4 4IDLE 228|130 (78|20 315 340 714
5 |4 Video 36.6|54.1[35.941.2 34.7 72.1K | 3.6M
6 14 Word 29.4129.619.2|324 36.0 55.3K | 2.1M

Table 2: wifi (X2GO)

i CPU (%) MEMORY [NETWORK (Bps)
3| Gl 1 2 3 4 (%) Receive | Send
1 0 Idle 9.9 [29.4| 59 |16.8 31.0 0 0
2 |1 Video 29.024.2(26.7]|15.8 32.7 8.3K | 586.7K
3 [1 Word 23.8( 8.1 [13.7]12.0 31.8 75K | 334.5K
4 4 IDLE 24.8|11.7[28.619.2 35.2 18.9K 1.1M
5 {4 Video 37.6|22.8]|15.8|21.8 36.0 20.7K | 998.9K
6 14 Word 11.0] 9.7 [26.7] 9.3 317 0 0

Table 3: wifi (thinlinc)

" CPU (%) MEMORY | NETWORK (Bps)
ey | (S ier 1 2 3 4 (%) Receive | Send
1 [1-idle 2.0 |13.0/10.0|19.2 23.7 367 0
2 [1Video 43.0 | 52.4 | 67.7 | 55.4 30.4 26.9K 1.9M
3 [lword 5.0 |17.615.2| 27.0 30.6 5.0K | 40.8K
4 R-idle 0.0 | 40 | 59 |31.0 343 0 0
5 [2 Video 63.3|71.7|67.0[713 36.5 70.8K 2.1M
6 2 Word 0.0 |36.028.1]30.6 35.7 19.1K | 165.9K
7 [3-idle 8.0 00 | 1.0 180 321 0 0
8 [3 Video 69.7176.0|76.2 | 74.2 35.4 51.0K 1.4M
9 B Word 10| 70 [28.7] 1.0 35.7 2.2K 26.6K
10 {4-Idle 16.7 | 22.4 | 25.7 [ 22.5 41.6 7.1K 59.5K
11 4 Word 30.4 [ 21.8 | 23.820.0 41.5 13.4K 169K
12 4 Video [ 90.893.090.9 | 94.1 41.0 84.1K | 2.8M

Moreover, the result of the Thin Client system is shown in table 4,
5 and 6 for single user client using cable and using wireless com-
munication with windows-based server using Thinstuff and Mul-
tipoint terminal server.

Table 4: Using cable single user (Multipoint Terminal Server)
- MEMORY NETWORK
User | Condition | CPU %) Receive (Bps) | Send(Bps)
Idle 7 33 0 0
1 Video 22 34 48K 10.9M
Word 23 34 56 96
2 Idle 13 37 0 0
Video 39 39 104K 17.5M
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- MEMORY NETWORK
User | Condition | CPU (%) Receive (Bps) | Send(Bps)
Word 24 38 72K 184K
Idle 21 42 0 16.0K
3 Video 50 43 200K 31.9M
Word 45 42 120K 272K
Idle 13 43 8K 40K
4 Video 72 48 224K 52M
Word 41 46 88K 344K
Table 5: Using cable multiple user (Multipoint Terminal Server)
Jumlah User Condition CPU Memory
IDLE 7 &
1 VIDEO 21 34
WORD 19 34
IDLE 6 36
2 VIDEO 42 38
WORD 25 37
IDLE 9 41
3 VIDEO 54 43
WORD 56 43
IDLE 13 42
4 VIDEO 67 48
WORD 51 44
Table 6: Using cable single user (ThinStuff)
User | Condition CPU | MEMORY i NETWORK
(%) (%) Receive (Bps) | Send(Bps)
Idle 1 29 0 0
1 Video 18 32 48K 10.4M
Word 8 30 40K 744K
Idle 3 34 0 0
2 Video 36 41 160K 23.4M
Word 20 35 56K 920K
Idle 7 37 0 0
3 Video 53 39 136K 31.5M
Word 30 39 136K 432K
Idle 1 29 0 0
4 Video 64 46 160K 49.9M
Word 39 44 208K 1.7M

Table 7: Using cable cable multiple user (ThinStuff)

User Condition CPU (%) Memory (%)

IDLE 2 34

1 VIDEO 17 31
WORD 5 30

IDLE 2 34

2 VIDEO 40 39
WORD 12 35

IDLE 2 34

3 VIDEO 48 40
WORD 19 38

IDLE 2 34

4 VIDEO 64 44
WORD 41 43

6. Conclusion

This research resulted in a thin-client prototype system that can
work according to a design that can divide server resources into
thin-clients through computer networks to process and input /
output and have a performance equivalent to a standalone personal
computer (PC). This system prototype consists of a server as a
processing center and four Single board computers (SBC) as thin
clients. In terms of overall system performance, maximum per-
formance is still below 50% with four SBCs with video playback
load (1080p HD quality). This system can still be upgraded to
eight SBC.
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