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Definisi

• According to Prof. Raj Kumar Buyya – Univ. of Melbourne, Australia: 
• “A Cloud is a type of parallel and distributed system consisting of a collection of interconnected 

and virtualized computers that are dynamically provisioned and presented as one or more 
unified computing resources based on service-level agreements established through negotiation 
between the service provider and consumers.”

• Wikipedia
• Cloud computing is an information technology (IT) paradigm, a model for enabling ubiquitous 

access to shared pools of configurable resources (such as computer networks, servers, storage, 
applications and services), which can be rapidly provisioned with minimal management effort, 
often over the Internet. Cloud computing allows users and enterprises with various computing 
capabilities to store and process data either in a privately-owned cloud, or on a third-party server 
located in a data center - thus making data-accessing mechanisms more efficient and reliable.
Cloud computing relies on sharing of resources to achieve coherence and economy of scale, 
similar to a utility.

https://en.wikipedia.org/wiki/Information_technology
https://en.wikipedia.org/wiki/Provisioning
https://en.wikipedia.org/wiki/Internet
https://en.wikipedia.org/wiki/Data_center
https://en.wikipedia.org/wiki/Coherence_(disambiguation)
https://en.wikipedia.org/wiki/Economies_of_scale
https://en.wikipedia.org/wiki/Public_utility
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Teknologi dibalik Cloud 
Computing
• Teknologi Internet

• Distributed Computing

• Perangkat Keras
• Sistem manajemen

This model brings benefits to both consumers and providers of IT services.
Consumers can attain reduction on IT-related costs by choosing to obtain
cheaper services from external providers as opposed to heavily investing on IT
infrastructure and personnel hiring. The “on-demand” component of this
model allows consumers to adapt their IT usage to rapidly increasing or
unpredictable computing needs.

Providers of IT services achieve better operational costs; hardware and
software infrastructures are built to provide multiple solutions and serve many
users, thus increasing efficiency and ultimately leading to faster return on
investment (ROI) as well as lower total cost of ownership (TCO) [10].

Several technologies have in some way aimed at turning the utility comput-
ing concept into reality. In the 1970s, companies who offered common data
processing tasks, such as payroll automation, operated time-shared mainframes
as utilities, which could serve dozens of applications and often operated close
to 100% of their capacity. In fact, mainframes had to operate at very high
utilization rates simply because they were very expensive and costs should be
justified by efficient usage [8].

The mainframe era collapsed with the advent of fast and inexpensive
microprocessors and IT data centers moved to collections of commodity
servers. Apart from its clear advantages, this new model inevitably led to
isolation of workload into dedicated servers, mainly due to incompatibilities
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FIGURE 1.1. Convergence of various advances leading to the advent of cloud
computing.
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Teknologi dibalik Cloud Computing
SOA, Web Services, Web 2.0, dan 
kombinasinya

• Perkembangan web services (WS) yang 
semakin popular, dan terstandarisasi
• HTTP dan XML
• Terbentuknya Service-Oriented 

Application (SOA)
• Standarisasi àWeb 2.0



Teknologi 
dibalik Cloud 
Computing
Grid & Utility 
Computing 
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Teknologi dibalik Cloud Computing
Virtualization

high yield (i.e., profit per unit of resource) user jobs, leading to a scenario where
shared systems are viewed as a marketplace, where users compete for resources
based on the perceived utility or value of their jobs. Further information and
comparison of these utility computing environments are available in an
extensive survey of these platforms [17].

1.2.5 Hardware Virtualization

Cloud computing services are usually backed by large-scale data centers
composed of thousands of computers. Such data centers are built to serve
many users and host many disparate applications. For this purpose, hardware
virtualization can be considered as a perfect fit to overcome most operational
issues of data center building and maintenance.

The idea of virtualizing a computer system’s resources, including processors,
memory, and I/O devices, has been well established for decades, aiming at
improving sharing and utilization of computer systems [21]. Hardware virtua-
lization allows running multiple operating systems and software stacks on a
single physical platform. As depicted in Figure 1.2, a software layer, the virtual
machine monitor (VMM), also called a hypervisor, mediates access to the
physical hardware presenting to each guest operating system a virtual machine
(VM), which is a set of virtual platform interfaces [22].

The advent of several innovative technologies—multi-core chips, paravir-
tualization, hardware-assisted virtualization, and live migration of VMs—has
contributed to an increasing adoption of virtualization on server systems.
Traditionally, perceived benefits were improvements on sharing and utilization,
better manageability, and higher reliability. More recently, with the adoption of
virtualization on a broad range of server and client systems, researchers and
practitioners have been emphasizing three basic capabilities regarding
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FIGURE 1.2. A hardware virtualized server hosting three virtual machines, each one
running distinct operating system and user level software stack.
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Teknologi dibalik Cloud Computing
Autonomic Computing

• Wikipedia
• Autonomic 

computing (also known 
as AC) refers to the self-
managing characteristics 
of distributed 
computing resources, 
adapting to unpredictable 
changes while hiding 
intrinsic complexity to 
operators and users.
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Service Class 
of Cloud 

Computing

enables on-demand provisioning of servers running several choices of operating
systems and a customized software stack. Infrastructure services are considered
to be the bottom layer of cloud computing systems [39].

Amazon Web Services mainly offers IaaS, which in the case of its EC2
service means offering VMs with a software stack that can be customized
similar to how an ordinary physical server would be customized. Users are
given privileges to perform numerous activities to the server, such as: starting
and stopping it, customizing it by installing software packages, attaching
virtual disks to it, and configuring access permissions and firewalls rules.

1.3.2 Platform as a Service

In addition to infrastructure-oriented clouds that provide raw computing and
storage services, another approach is to offer a higher level of abstraction to
make a cloud easily programmable, known as Platform as a Service (PaaS). A
cloud platform offers an environment on which developers create and deploy
applications and do not necessarily need to know how many processors or how
much memory that applications will be using. In addition, multiple program-
ming models and specialized services (e.g., data access, authentication, and
payments) are offered as building blocks to new applications [40].

Google AppEngine, an example of Platform as a Service, offers a scalable
environment for developing and hosting Web applications, which should
be written in specific programming languages such as Python or Java, and use
the services’ own proprietary structured object data store. Building blocks

17
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FIGURE 1.3. The cloud computing stack.
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Tipe Cloud 
Computing
Infrastructure 
as a Service 
(IaaS)

15

• Memberikan pelayanan sumber daya virtual 
(komputasi, penyimpanan, dan komunikasi) 
à Infrastructure as a Service (IaaS)

• Cloud Infrastructure
• Server
• Storage
• Firewall
• Load Balancer

• Contoh:
• Amazon Web Services à Amazon EC2



Tipe Cloud 
Computing
Platform as a 
Service (PaaS)

16

• Cloud yang memberikan pelayanan kepada 
user tanpa harus memperhatikan 
infrastruktur à Platform as a Service (PaaS)

• Cloud Platform
• Programming language
• Framework
• Data terstruktur

• Contoh:
• Google AppEngine



Tipe Cloud 
Computing
Software as a 
Service (SaaS)

17

• Software yang digunakan melalui cloud, 
tanpa harus di pasang di komputer cient. 
Tipe cloud ini disebut à Software as a 
Service (SaaS)

• Contoh:
• Salesform.com
• Bukalapak.com
• Microsoft Office 360



Model Cloud Computing berdasarkan Lokasi
Pembentukan
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Fitur Cloud

• Self-service
• Cloud yang bisa di modifikasi tanpa bantuan operator

• Per-Usage Metering dan Billing
• Jenis pembayaran per-penggunaan tidak model sewa keseluruhan, sehingga

apabila tidak terpakai tidak perlu membayar

• Elasticity
• Dapat dengan mudah ditambahkan atau dikurangkan apabila membutuhkan

sumber daya lainnya

• Customization
• Mudah untuk dimodifikasi
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Virtualization
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Definisi

• Wikipedia
• In computing, virtualization refers to the act of creating a virtual (rather than 

actual) version of something, including virtual computer 
hardware platforms, storage devices, and computer network resources.

Cloud & Edge Computing 2127 Agustus 2020
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https://en.wikipedia.org/wiki/Data_storage_device
https://en.wikipedia.org/wiki/Computer_network


Alasan penggunaan Virtualization (1)

  

© R é volution Linux 2008. Ce  docume nt e s t confide ntie l.

Why virtualize the server infrastructure (1) ?

  

Server consolidation is the most mentionned argument
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Alasan penggunaan Virtualization (2)

• Pengurangan biaya maintenan
• Kompatibilitas dengan aplikasi dan OS bawaan
• Security: isolasi untuk aplikasi tertentu
• Lingkungan pengembangan (dev env) yg murah
• Manajemen terpusat
• Proses backup yg mudah
• Live migration
• Quick server fail-over
• HA
• Virtual Applience
• Cloud Computing
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Teknologi utama Virtualization

Cloud & Edge Computing 24

•Partitioning
� Run multiple operating systems on one 

physical machine
� Divide system resources between virtual 

machines
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Teknologi utama Virtualization
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•Isolation
� Fault and security isolation at the hardware level
� Advanced resource controls preserve 

performance

•Partitioning
� Run multiple operating systems on one physical machine
� Divide system resources between virtual machines
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Teknologi utama Virtualization
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•Partitioning
� Run multiple operating systems on one physical machine
� Divide system resources between virtual machines

•Isolation
� Fault and security isolation at the hardware level
� Advanced resource controls preserve performance

•Encapsulation
� Entire state of the virtual machine can be saved to 

files
� Move and copy virtual machines as easily as moving 

and copying files
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Teknologi utama Virtualization
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•Encapsulation
� Entire state of the virtual machine can be saved to files

� Move and copy virtual machines as easily as moving and copying files

•Partitioning

� Run multiple operating systems on one physical machine
� Divide system resources between virtual machines

•Isolation

� Fault and security isolation at the hardware level
� Advanced resource controls preserve performance

•Hardware-Independence
� Provision or migrate any virtual machine to any similar 

or different physical server
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Jenis Virtualization
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Teknologi Virtualization
Perbandingan

PARA VIRTUALIZATION FULL VIRTUALIZATION HARDWARE ASSISTED

Teknik Hypercall Direct Execution Exit to root mode on 
privileged instruction

Guest OS modifikasi Guest OS dimodifikasi
untuk dapat menjalankan
hypercall

Tidak dimodifikasi Tidak dimodifikasi

Performasi Lebih baik di beberapa
kasus

baik cukup

Contoh VMware, xen VMware, Microsoft, KVM VMware, xen, microsoft, 
parallel

Ketergantungan hypersor
pada Guest OS

XenLinux hanya jalan di 
hypersor xen

ya ya
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Penggunaan

• Virtual Private Server (VPS)
• Amazon Elastic Compute Cloud (EC2)

• Xen
• Microsoft Azure

• Microsoft Hyper-V
• Google Compute Engine (GCE)

• KVM
• Rackspace

• VMware
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Teknologi Virtualization berbasis Container

• Operating-system-level virtualization / Containerization
• Fitur sistem operasi yang mampu membuat isolasi user-space di host 

machine.
• Contoh

• Linux Container
• Docker
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Teknologi Virtualization berbasis Container -
Perbandingan
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Performasi
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of the Network performance analysis are described in 
subsection D. 

A. CPU Performance 
 Y-cruncher [10] is a multi-threaded benchmark for multi-
core systems to calculate the value of Pi. Y-cruncher is able to 
compute Pi and other constants, performing as a stress-testing 
application for CPU. It should be noted that other alternatives 
exist [11], but Y-cruncher appeared to be the only multi-
threaded one. The tool provides different outputs: multi-core 
efficiency, computation time and total time. Total time is used 
to verify the results, and it consists of the total computation 
time plus the time required to elaborate and process the result. 

 

Fig. 2. Results of Y-cruncher over 30 runs. The error bars indicate the 
Standard Deviation. Container-based solutions perform better than KVM. 

 Figure 2 shows the results of the Y-cruncher tool. Both 
container-based solutions perform better than KVM. 
Considering only the computation time, containers display 
performance almost similar to the native environment. As 
shown in the next Y-cruncher measurements in Table II, even 
multi-core efficiency (which expresses how the CPU is 
efficiently used in order to execute the Pi computation) 
confirms this trend, even though KVM loss is relatively small  
(less than 1%). 

TABLE II.    

Platform Multi-core Efficiency 

Native 98.27% 

LXC 98.19% 

Docker 98.16% 

KVM 97.51% 

 

 NBENCH [12] was developed during the 90s, but can still 
be used as a valid tool for CPU, FPU (Floating Point Unit), 
and memory system performance measurements. The tool 
quantifies an upper limit for the mentioned performance 
characteristics. Unlike Y-cruncher, NBENCH is a single-
threaded tool and the algorithm performs ten different tasks 

producing three different indexes: Integer Index, Floating 
Point Index, and Memory Index. 

 

Fig. 3. NBENCH is a single-threaded benchmark tool. Except than for 
Memory Index (where KVM has a performance degradation compared with 
the other platforms), all the analysed technolgies achieve nearly equal 
performances. 

As can be observed from Fig. 3, we can find a noticeable 
difference only in terms of memory index between the 
analysed platforms: KVM introduces roughly 30 percent 
performance degradation. 

We confirmed the measurements of NBENCH with 
Geekbench [13] that is a cross-platform tool to test system 
stability and the processor performance. Both of the tools use 
the same indexing scheme for CPU efficiency, but Geekbench 
can index the overall system. Another difference is that it 
allows and supports measuring both single-core and multi-core 
architecture. Even considering this tool, all the compared 
platforms perform quite similarly. The memory index result of 
KVM was a bit lower, but the degradation is not remarkable as 
with NBENCH. Of course, the implementation of the two tests 
in the tools is different. 

So far, the CPU tests have excluded OSv for portability 
reasons. However, the remaining ones will include also OSv 
measurements. 

The “noploop” is a very simple CPU benchmarking tool: 
“It is a procedure for measuring CPU clock speed using an 
unrolled No-Operation (NOP) loop. It's intended to be simple, 
minimizing variation caused by cache misses, stall cycles, and 
branch misprediction.” [14]. Table III shows noploop results. 

TABLE III.   

Platform noploop execution time (ms) 

Native 2.391  

LXC 2.391 

Docker 2.393 

KVM 2.397 

OSv 2.249 
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 We used this tool for verifying that all systems perform on 
the same level without major differences in this simple case. 
Counterintuitively, noploop performs better in OSv than in the 
native environment, despite the difference is minimal. 
Obviously, the extreme uncomplicatedness of this test does not 
allow us to draw accurate conclusions, since this difference 
between OSv and the other platforms may have been produced, 
e.g., by a different way of measuring time (however further 
analysis is needed to verify this). 

Linpack benchmark exists in two variants. Intel Linpack 
Benchmark [16] is one, but we employed another one [15] 
because it was easier to port to OSv. Linpack tests the 
performance of a system using a simple linear algebra problem. 
In particular, the algorithm uses a random matrix A (size N), 
and a right hand side vector B that is defined as follows: 
A * X = B. The benchmark tool executes two steps in order to 
solve the algebra problem: 

1. LU (‘Lower Upper’) factorization of A. 

2. LU factorization is used in order to solve the linear 
system A * X = B. 

Linpack gives the results in MegaFLOPS (millions of 
floating point operations per second): 

mflops = ops / ( cpu * 1000000 ) 

Running the software benchmark increasing values of N, 
CPU behaves differently and three different “zones” can be 
distinguished: 

! rising zone - local cache memory and processor 
are not challenged. 

! flat zone - only the processor is challenged, that is, 
performing at top efficiency. 

! decaying zone - local cache memory is challenged 
again, that is “the matrix is so large that the cache 
is not large enough to keep the necessary data 
close enough to the processor to keep it running at 
top speed”[15]. 

 

Fig. 4. The value of Linpack results on each platform over 15 runs. This is 
the particular case of N=1000. 

Fig. 4 shows a specific use case with N=1000 that is 
usually used in the literature. It should be noted that the relative 
differences between the different platforms are not substantial. 
From this point of view, even if the non-virtualized 

environment performs worse than Docker and LXC, the gap is 
so small that does not allow to draw very strong implications. 
Fig. 5 shows Linpack results with varying N, where OSv 
presents some performance degradation in the rising zone, but 
the differences are neglectable with larger values of N. 

 

Fig. 5. Linpack results with varying N. As described in the text, three 
different zones can be detected: a rising zone (where OSv introduces some 
performance degradation), a flat zone, and a decaying zone. 

B. Disk I/O Performance 
Bonnie++ [17] is an open-source benchmark software that 

characterizes disk performance. We use it to measure disk I/O 
in all the evaluated systems, with the exception of OSv 
because Bonnie++ calls functions such as fork() that are not 
supported by OSv. It should be noted that we have configured 
Bonnie++ to test as recommended by the developer, that is, 
using a test file size of at least twice the size of system 
memory (in our case we consider a test file of 25GiB). 

Fig. 6 shows the Bonnie++ results for sequential write 
(Block Output) and sequential read (Block Input) speed. The 
two container-based platforms offer very similar performance 
in both cases, which are quite close to the native one. KVM 
write throughput is roughly a third and read throughput almost 
a fifth of the native one. 
 

 
Fig. 6. Disk Throughput achieved by running Bonnie++ (test file of 25 GiB). 
Results for sequential writes and sequential read are shown. 

Bonnie++ tool can also test the speed at which a file is 
read, written, and then flushed to the disk (Random Write test) 
and the number of random seeks per second (Table IV - for 
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tion stacks. Internet is connected by IPv6 in the near future,
and parts of it run the 6LoWPAN. The transport layer in
6LoWPAN is UDP which can be considered unreliable; the
routing layer is RPL, or Hydro. Hydro is used for routing,
because of its similarity to RPL and its availability as part of
the TinyOS 2.x distribution. IEEE 802.15.4 is used for the
physical and MAC layer. Based on this protocol stack DTLS
is chosen as the key security protocol. This places it in the

application layer on top of the UDP transport layer. The pre-
scribed architecture elaborates the underlying data and com-
munication flow between subscriber, gateway, access control
server, and internet enabled certificate authority.

2.9.3. Cyber-physical-social security

A cyber-physical-social based security architecture (IPM) is
proposed to deal with Information, Physical, and Management
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Figure 12 IoTNetWar architectural framework.
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Project1: Smart environment 
Monitoring analytics in real-time 
System

• IoUT Platform for Water Monitoring:

• ROV with water quality sensors

• Wireless mesh network access point
• Portable low-cost water quality monitoring

• Coral Reef Monitoring system
• Shrimp monitoring system

• Big Data Analytics 



Physical device and controller

Fig. 5: The water sensors system.

III. Implementation

There are three main modifications for our ROV, the first
modification is mechanical and sensors parts, second part is
payload and the last part is software. In this section, we explain
briefly about all modifications.

The size of our modified ROV can be see in Fig. 6 and
Fig. 7.

Fig. 6: The size information from side view.

A. Mechanical and Sensors Modification

To increase performance of ROV, we added 2 vertical bilge
pumps on the side of ROV. We use rule pump 12 Volt DC
automatic bilge pump 500GPH - 2000GPH [8]. Those bilge
pumps connected to the motor driver that can be controlled
from master micro controller ARM F4. We built the hangers
for those bilge pumps from acrylic, we make it permanent to
the body of ROV. Fig. 8 shows the connection between motor
and payload.

For navigation system, we added SKM53 GPS module
and ArduIMU v3 sensors. SKM53 GPS module starter kit
(SKGPS-53) [9] is GPS based on MediaTek 3329 SoC include
with smart antenna module and high sensitivity. ArduIMU v3
[10] features the new MPU-6000, that includes 3 axis gyros
and accelerates built-in, its process everything internally and
uses SPI for max performance.

Fig. 7: The size information from top view.

Fig. 8: The connection between bilge motor and payload.

GPS, IMU and motor driver for bilge pump is located
inside of the payload. Fig. 9 shows about the location of
external bilge motors and payload.

Fig. 9: The location of external bilge motor and payload.
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Single Board Micro ComputerSensors
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3.3.2.  Perancangan Hardware Kapal 
Kapal dirancang dengan ukuran tinggi 8,5 cm, lebar 23 cm dan 

panjang 53,5 cm. Kapal ini dibuat untuk mengangkut semua komponen 
embedded system sehingga dapat menjangkau seluruh area tambak. 

 

Gambar 3. 6. Ukuran kapal 

 

Gambar 3. 7. Realisasi perangkat keras 

Semua perangkat yang telah diatur pengkabelannya diletakkan dalam 
kapal. Sehingga, pengguna baik peneliti maupun pemilik tambak dapat 
memperoleh data kualitas air di titik yang berbeda. 
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Appendix 1: 
 

Pictures of our works. 
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Appendix 1: 
 

Pictures of our works. 

   



Connectivity
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Edge computing
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GPU Based Edge ComputingEdge Gateway



Data accumulation

• PostgreSQL as DBMS
• MongoDB
• Hadoop
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Data abstraction
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MQTT Broker

Sensor Sensor Sensor

 

 

29 

 
Figure 15. An analytics system based on Big Data architecture. 

5.2 Design and development of Integration Protocol for UUV system and 5D 
World Map system 

Internet of Things becomes popular in this research we designed a system to 

monitor the environment by using sensors and transferred the data to Internet, analyzed 

and visualize in real-time. In order to give real-time data, we developed Smart 

Environment Monitoring and Analytics in Real-time (SEMAR) system. Figure 16 shows 

about SEMAR architecture.  

Data from sensors transferred to the Internet through several technologies such as 

4G, or Wifi. In the sensor device, embedded system read the data from sensor and send the 

data to the Internet by using MQTT protocol. In the server side, Mosquito server received 

the data and deliver the data to Database and Analytic system through Kafka System. The 

Database uses Big Data architecture. To visualize in the real-time we utilized node.js 

technology. 

Real-time Visualization

Machine Learning

Mobile Backend



Applications
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Figure 15. An analytics system based on Big Data architecture. 

5.2 Design and development of Integration Protocol for UUV system and 5D 
World Map system 

Internet of Things becomes popular in this research we designed a system to 

monitor the environment by using sensors and transferred the data to Internet, analyzed 

and visualize in real-time. In order to give real-time data, we developed Smart 

Environment Monitoring and Analytics in Real-time (SEMAR) system. Figure 16 shows 

about SEMAR architecture.  

Data from sensors transferred to the Internet through several technologies such as 

4G, or Wifi. In the sensor device, embedded system read the data from sensor and send the 

data to the Internet by using MQTT protocol. In the server side, Mosquito server received 

the data and deliver the data to Database and Analytic system through Kafka System. The 

Database uses Big Data architecture. To visualize in the real-time we utilized node.js 

technology. 

Machine Learning

Real-time Visualization



Collaboration and feedback
Zeppelin & Jupyter

Mesosfer
• Mobile backend
• Push Notification
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Project2: SEMAR & VaaMSN for 
Pothole Detection and Air Quality 
Monitoring

• Air Quality Sense

• Smart Internet of Things (SMITE)

• Intelligent Driving Assistant (IDA)
• Smart Hub

• SEMARv2
• Solar Power Supply
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Air Quality Sensor

Shinyei PPD42 Particulate Matter 
Detector for particulate

MQ7 for carbon monoxide 

MQ135 for sulfur dioxide 

MQ131 for ozone 

MiCS 2714 for nitrogen dioxide 

Microcontroller
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The built systems are grouped according to the IoT reference model consisting of 
physical devices and controllers (1), connectivity (2), edge computing (3), data accumulation (4), 
data abstraction (5), application (6), collaboration and process (7). The overall system design 
shows in figure 2. 

 
Figure 2. Architecture of integration VaaMSN with SEMAR cloud system. 

3.1 Physical Devices and Controller  
Physical Devices and Controllers are part of architecture IoT that used to detect air quality 

condition. The device has been equipped with the air quality sensors such as Shinyei PPD42 
Particulate Matter Detector for particulate, MQ7 for carbon monoxide, MQ135 for sulfur dioxide, 
MQ131 for ozone and MiCS 2714 for nitrogen dioxide. The device consists of an air quality sensor 
which is controlled by a microcontroller [14]. The data collection process started with air quality 
measurement using air quality sensors based on wireless sensor network [15]. Wireless sensor 
networks are used because they could be implemented in urban areas[16]. This controller collects 
the data and performs the conversion process for the air quality unit ug / m3. The converted data 
sent to another device for processing to the server via WiFi network. In this research, physical 
devices and controllers are installed on top of the vehicle and retrieving data from the sensors 
every 5 seconds.   
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according to table 5, both algorithms show good performance with an accuracy rate over 90% 
and MSE is 0.00268096 for decision tree algorithms and 0.03076293 for SVM algorithm. 

 Figure 4 shows the curve shape of the ROC (Receiver Operating Curve) which 
represents the Validation of the class model. ROC is a curve that compares graphs on the vertical 
axis of TPR (True Positive Rate) with FPR (False Positive Rate) existing on the horizontal axis of 
ROC. The area under the ROC curve called AUC. AUC is rated from 0 to 1 and gets better when 
it approaches 1. From the experiments performed, the decision tree algorithm has 100% accuracy 
in all classes, while the SVM algorithm has an accuracy of around 98%.  

 

  

Figure 4. ROC of Dataset (a) Using SVM and (b) Using Decision Tree. 
 

From figure 4 (a) is showed ROC graphical results of SVM algorithm SVM accuracy value 
of each class about 97% to 99%. Meanwhile, figure 4 (b) show the ROC graphics results from the 
decision tree algorithm, obtained from the image of the accuracy value of each class is about 
100%. 

 

4.3 Implementation Experiment  
Experiments are used to test system integration from sensor readings to database 

storage and real-time visualization. Air quality data obtained by air quality sensor devices is that 
transmitted through communication to cloud computing. MQTT Broker distributes data to the 
prediction system to determine the air quality index of the data. The data that has been sent back 
after the data added with air quality index use another topic to MQTT Broker and accepted by 
MQTT Customer and forwarded to InfluxDB connector for real-time visualization. Data received 
by InfluxDB displayed in real-time using graphical interface graphics that can be viewed on the 
website at IP address 202.182.58.10. 

The test is performed by installing an air quality sensor device on top of the vehicle and 
SBC in the vehicle. Vehicles are driven on the highway for collecting air quality data in the road. 
figure 5(a) shows the air quality sensor device and figure 5(b) shows the SBC as Smart Car Hub. 
Figure 6 shows real-time visualization on dashboard when the vehicle is in motion, a maker's 
visualization on the world map representing air quality data, the color of the marker shows the air 
quality data with the provision is green for good condition, blue for medium condition, yellow for 
unhealthy, red for very no healthy and black for hazardous.  

   

(a)        (b) 

MQ7
MQ135

MiCS-2714Shinyei PPD42

MQ131



Road Surface Monitoring
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SMART HUB

• Edge Computing
• Devices:

• Raspberry PI
• Smartpi Case + 7” TouchScreen
• Intel Movidius GPU
• Berry GPS IMU
• 4G+Wifi USB Modem
• PI Camera
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SmartiPI Case + 7” TouchScreen

RasberryPI + Movidius GPU-USB 4G Wifi Modem USB

SMARTHUB

PI Camera



SMITE
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https://play.google.com/store/apps/details?id=com.lynx.sensors



SEMAR v2
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Equation (6) can be used in determining the air quality index by the value grouping rules 
and value constraints as set out in table 2.  

 I = Ia−Ib
Xa−Xb

(Xx - Xb) + Ib      (6) 
Explanation:   
I  : Air pollution index are counted.  

  Ia  : Air pollution index upper limit.  
  Ib  : lower ground air pollution index Ambient upper limit.  

Xa : Ambient upper bound. 
Xb : Ambient lower bound. 

 Xx : Real ambient content of  measurement results.   

In determining the ISPU, if there are several air quality parameters that are measured 
then, the data used is the air quality parameter with the highest ISPU value. For example, if the 
data obtained SO𝟐 = 71, NO𝟐 = 55, PM10 = 91 then the reported data is ISPU worth 91, Air Quality 
is “Moderate” and the dominant parameter is PM10.  
 
3.6.2 Real-time classification 

Through the data model that has been generated by the learning process and analytics 
on large-scale data can be used to create a real-time classification system. Therefore, although 
data is used on a large scale with a large number of sensor nodes, the system able still perform 
the analysis process. The purpose of using this system is to bypass the data distribution delay 
from VaaMSN (edge computing) to data storage and visualization. 

The process of real-time classification and learning process using a scikit-learn that runs 
in the python environment. Air quality data sent by VaaMSN on the topic of 'airsensor' through 
MQTT communication, then the data is converted into JSON format so that it can be used in 
classification to generate air quality index prediction from received data. The results of the 
process are numerical from 0 to 4 representing the categories in Table 1, sequentially starting 
from good, medium, bad, very bad and hazardous. The result is stored in a variable called 'label 
and put into JSON previously received data so that the data contains 'air quality data, latitude, 
longitude and the current time and labels'. The combined data be re-submitted with the topic 
"airsensoranalytic" for use in real-time visualization. 
  
3.6.3 Real-time visualization 

Visualization stage start from the connector sends the data into InfluxDB by using 
‘writepoint()’ function on Node.Js. We use InfluxDB for time-series database [21], the data 
collected by InfluxDB as arranged by time-series, then send to Grafana. The Grafana generated 
graphical interfaces such as a table, graph, and maps. Data schemes are “{current timestamp, 
sensor id, pm10, co, so2, 03, no, latitude, longitude, latitude, label}”. We built three type of 
visualization, 1)Table, show data of air monitoring sensors with latitude, longitude and index 
quality air monitoring, 2) Graph show the time series data with a line chart, 3) Map show point of 
VaaMSN. 
 

 

(a) 
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4. Results and Discussion 
In this results sections, we have done some experiment and present the implementation 

both of software and hardware development. The experiment has been given the results that 
performed as well and using the analytical test showed how the system that we built works well. 
Several tests performed including real-time visualization testing and comparative performance 
evaluation of SVM algorithms and linear Decision Tree using their default parameters where we 
use datasets from sensors according to the given rules.  

4.1 Results of Confusion Matrix 
Table 3 shows the confusion matrix of the result of the training model that has been built 

from the Linear SVM algorithm, table 4 shows the confusion matrix for the DT algorithm. The 
SVM experiment results that the number of data error are between 22 until 127 from around 
21.804 data. It is mean that the error percentage is about 0.2% to 0.5%.  The confusion matrix of 
SVM can be seen in table 3. 

Table 3. Confusion Matrix of Support Vector Machine Dataset Training 
  Predicted Class 
 
  Good Moderate Not Healthy Very 

Unhealthy Hazardous 

Actual Class 

Good 4716 22 0 0 0 
Moderate 22 4110 0 0 0 
Not Healthy 11 100 4129 0 0 
Very 
Unhealthy 0 11 127 3932 18 
Hazardous 0 0 3 85 4518 

 
Table 4. Confusion Matrix of Decision Tree Dataset Training 

  Predicted Class 

  Good Moderate Not Healthy Very 
Unhealthy Hazardous 

Actual Class 

Good 4732 6 0 0 0 

Moderate 3 4331 
 

1 0 0 
Not Healthy 0 12 4225 3 0 
Very 
Unhealthy 0 0 3 4079 6 
Hazardous 0 0 0 5 4601 

 
The Decision Tree algorithm results in experimental results that the number of data error 

is between 3 until 12 from around 21.804 data. It is mean that the error percentage is almost 0%.  
Tabel 4 showed that the confusion matrix of the Decision Tree algorithm. The experiment showed 
that Decision tree is better than SVM with higher accuracy of the predicted label.  

4.2 Classification Results 
The second experiment we measure the acceleration of the classification result. To 

measure the acceleration we calculate the accuracy rate and MSE (Mean Squared Error).  
 

Tabel 5. Comparison of two algorithms on the dataset. 
Features Algorithm Mislabel Accuracy MSE 

Air 
Quality 

Support Vector Machine 
399 / 
21804 0.98170061 0.03076293 

Decision Tree 35 /  
21804 

0.99839479 0.00268096 

 
Table 5 shows that Decision tree algorithms offer a better accuracy rate by 0.99839479 

when compared to the accuracy level of the SVM algorithm that around 0.98170061. However, 
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