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Abstract - SDN is a network abstraction concept to separate control plane and data plane, so the network configuration is centered. 
A centered configuration simplifies the controlling of all devices in one action by the network administrators. Different from the 
conventional network which makes the network administrators administer all devices one by one because the control and 
forwarding layer existing in one infrastructure. This solution is urgently needed if we want to manage a huge network. We have 
implemented the implementation of SDN architecture with a low budget using the Single Board Computer (SBC). We use SBC 
Banana Pi and Raspberry Pi which are commonly used nowadays. SBC is functioned as a controller like a server which able to 
manage a network topology and as a dataplane functioned as an SDN switch supporting openflow. As a controller, it will be 
connected with a switch. The controller that are used here is Ryu and ONOS. The parameters which are analyzed on both SBC are 
CPU usage, RAM usage, and QoS parameters such as throughput and jitter. The result shows that the SDN architecture modeling 
which has been done can be applied to Banana Pi and Raspberry Pi. The performance on both SBC doesn’t consume a lot of 
resources of CPU and RAM which is no greater than 50%. Also, the QoS parameters still meet the reference of ITU-T G.1010 and 
TIPHON. This study can be a reference in applying SDN architecture to other SBC. 
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I. INTRODUCTION 
 

Software Defined Network (SDN) is a new approach in 
network architecture. SDN concept uses OpenFlow protocol 
and separates Control Plane and Data Plane. Control Plane 
was transferred from the network device Control Plane until 
there was only Data Plane in the network device [1], so the 
routing policy could be done centrally through Controller. A 
centralized network control made the network settings easier 
and more flexible [2]. 

Based on the newest research, SDN architecture was 
highly recommended for the emplamantation on real 
networks. Implementation of SDN architecture is one of the 
SDN developments that is done. IoT and SDN are two new 
technologies. IoT aims to connect objects and SDN offers 
orchestration for network management, flexibility, and 
program capabilities on network [3].  

Moreover, in [2] stated that SDN could be applied on 
SBC with the capability on managing network centrally. 
SBC is considered in having a specification which is able to 
implement network architecture software design, along with 
an affordable price. This consideration was underlying the 
researchers to try on implementing SDN control plane and 
data plan in SBC, i.e. Banana Pi and Raspberry Pi. 

Raspberry Pi (RPi) was not one of the SBCs that has a 
possibility to be applied in SDN network architecture 
Banana Pi is a current popular SBC because it has a 
similiraty with RPi, yet better in terms of features [4]. 
However, this is still lack of reference. It was produced by a 

china company named Sinovoip [4] and developed by 
LeMaker. The differences between Banana Pi and 
Raspberry Pi are on the SATA connector and Gigabit 
Ethernet which make Banana Pi more sophisticated. Banana 
Pi enabled an external hard disk connection or DVD/ 
CDROM suited with application that required a lot of 
storage or faster than USB memory stick. Banana Pi also 
could work on some OSs  such as Android, Ubuntu, Debian, 
and Bananapian. Banana Pi is used for designing internet-
based technology, since there are already many internet-
based technologies using Banana Pi [5][6]. 

 
II. BASIC THEORY 

 
In this study, SDN architecture implementation model with 
SBC-Banana Pi and SBC-RPi used ONOS and Ryu as 
controllers. This implementation intended to find the effects 
on using SBC and Controller in SDN architecture as well as 
getting the best performance and configuration with some 
parameters. 
 
A. Software Defined Network   

 
The architecture model of SDN is separating Control 

Plane and Forwarding Plane in a different device. All 
connected devices would be controlled by Application Plane 
collaborating with Control Plane to instruct the direction of 
the traffic (on Forwarding Plane) [7]. So, the SDN could 
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resolve the complexity happening in network architecture at 
first. 

 
B. Single Board Computer  

  
Single Board Computer (SBC) is a full computer which 

designed on a circuit board with microprocessor, 
input/output (I/O) memory, and other features commonly 
used with the right industry standards and interfaces to 
support technology development. SBC is frequently used for 
developing a system or learning objectives. The use of this 
computer is very wide. Banana Pi and RPi offered full 
support through online and sustained the implementation of 
SDN architecture. The device specification that was used in 
this study was explained well in Table I and Table II. SBC 
was oftenly used for research development and education 
[8]. 

TABLE  I. BANANA PI SPECIFICATION. 
Mother 
Board 
(SBC) 

CPU RAM Storage USB 
Size 

(mm) 

Banana Pi 
M2 Ultra 

Quad 
Core 
ARM 
Cortex 

A7 

2GBDDR3 
SDRAM 

Micro 
SD 

Card 
Slot 

2.0 PORT 
(x3), OTG 

(x1) 
92 x 60 

Banana Pi 
R2 

Quad-
code 
ARM 

Cortex-
A7 

2GB 
DDR3 

SDRAM 

Micro 
SD 

Card 
Slot 

3.0 host 
(x2), OTG 

(x1) 

148 x 
100.5 

 
TABLE II. RASPBERRY PI SPECIFICATION. 

Mother 
Board 
(SBC) 

CPU RAM Storage USB 
Size 

(mm) 

Raspberry 
Pi 3 Model 

B+ 

4x ARM 
Cortex-

A53, 
1.2GHz 

1GB LP 
DDR2 
(900 

MHz) 

Micro 
SD 

2.0 PORT 
(x3), OTG 

(x1) 
85.6 x 56.5

 

C. Open Flow  
 

Open Flow is a control interface which could enable 
switch programming on Data Plane [9]. OpenFlow is one of 
the protocols on SDN network. Administrator could directly 
control the traffic flow on Forward Plane od Data Plane 
through the interface of OpenFlow. OpenFlow defned the 
flow-based forwarding and Application Programmatic 
interface (API) standard that sustained the direction of 
switch function via secure channels. 

 
D. Ryu Controller 

 
Ryu was fully implemented fully on Phyton and 

supported by NTT laboratory. Like other SDN controllers, 
Ryu offering software along with API that was not hidden to 
bring through a development of new network and 
controlling application [10]. Ryu has many features, so that 
it is ideal for small scale SDN distribution [11]. The 

advantage of Ryu is it can work in a distributed manner, but 
the disadvantage is given by the programming language 
which has bad performances compared to other kind of 
controllers [12]. 

 
E. ONOS 
  

ONOS (Open Network Operating System) is an 
opensource SDN controller with the distributed network 
operating system, written in Java. As Southbond Interface, 
ONOS supported OpenFlow version 1.0, 1.3, etc. Also other 
protocols such as OVSDB and OF config. This protocol is 
oriented on network operator (Carrier-grade service 
provider). ONOS was designed with a phylosophy of High 
Availability (HA), High Performance (HP), and a good 
ability scale-out [13]. 
 
F. Quality of Service (QoS) 

 
For the performance measurement on computer network 

is known as Quality of Service (QoS) [14]. In this study, the 
parameters value of QoS (Throughput, Jitter, and Actual 
Badwidth) showed the potentiallity of each constructed 
network under ITU-T G.1010 and TIPHON standards. 

 
III. SYSTEM DESIGN AND IMPLEMENTATION 

 
This research was started by designing the 

implementation system that would be tested. We used 
Raspberry Pi and Banana Pi  (Banana Pi M2U and Banana 
Pi R2) which would be tested on an SDN-based network. 
After all, an installation of OpenFlow protocol on Data 
Plane and ONOS Controller was done along with Ryu on 
Control Plane. Checking the network connectivity was done 
by ping command between hosts. If the configuration has 
succesfully run, the scenario of collecting datas would be 
decided. 

 
A. System Design 

 
Figure 1 and 2 explained the procedure of installation on 

Control Plane ( Banana Pi M2 Ultra and Raspberry Pi 
Model 3 B+ ) and SDN Switch ( Banana Pi R2 and 
Raspberry Pi Model 3 B+ ). In this section, there would be a 
specific explanation of system procedure, SBC 
implementation for Banana Pi and RPi on SDN architecture, 
and measured the QoS values when the network was 
transferring data. The performance of Banana Pi and RPi 
would be applied by SDN model. 
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Figure 1.  Figure 1. System design and Banana Pi. 

 

 
Figure 2.  Figure 2. System design and RPi 

 
B. Functions and Features 

 
In designing system with the design on Figure. 1 and 2, 

it had the functions and features as follow: 
1. All computers used Windows 10, as host and 

administrator. 
2. All host computers connect to switch.  
3. Controller and Switch SDN connected wirelessly for 

Banana Pi. 
4. There was a Switch Hug as a link for Controller to 

switch SDN in RPi topology. 
5. On a topology using Banana Pi, there were two versions 

of Banana Pi M2 Ultra as a server and Banana Pi R2 as a 
switch SDN. 

6. On a topology using Raspberry Pi, the same version was 
used for server and switch SDN, Raspberry Pi 3 model 
B+. 
 

C. Specification and Component Features 
 
In this section, we would like to explain the component 

specifications as a comparison of the hardware and feature of 
SDN controller which were used. SDN Controller, as a 
controller on Data Plane section on SDN architecture. The 
hardware specification shown in Table III and features 
comparison of SDN controller in Table IV. 

 
TABLE III. SPECIFICATION COMPARISON BETWEEN BANANA PI 

AND RASPBERRY PI 

Device 
Controller and 

Switch 
Raspberry Pi 

Controller 
Banana Pi 

M2U 

Controller Banana 
Pi R2 

CPU 
4x ARM Cortex-
A53 

quad-core 
cortex -A7 

MediaTek MT7623N, 
Quad-core ARM 

Cortex-A7 

GPU 
Boardcom Video 
Core IV 

dual-core 
MALI-400 

MP2 
Mali 450 MP4 GPU 

RAM 1GB LPDDR2 2 GB DDR3 2G DDR3 SDRAM 

Network
 10/100 Gigabit 

Ethernet 
10/100 Mbit/s 

Ethernet 

5 x 10/100/1000 
Mbit/s Ethernet 
(MT7530) 

Storage micro SD 

8G eMMC 
flash onboard 
MicroSD slot 

SATA 
interface 

8G eMMC flash 
onboard MicroSD slot 
Two SATA 2.0 Port 

 
TABLE IV. COMPARISON BETWEEN RYU AND ONOS 

 

There was also the same usage of OpenFlow and 
OpenSwitch which functioned as OpenFlow enabled switch. 
So, Controller and Data Plane could communicate each other 
using OpenFlow. 

 
D. Performance System Parameters 

 
The parameters that would be tested are: 

1. Performance System Validation 
In this testing, the performance would be tested include 
CPU usage and Resource Memory which was used in 
Controller. Other than that, it was meant to see whether 
the system has worked in real-time or not. 

2. Quality of Service 

Features Ryu ONOS 
REST API Yes Yes 
GUI Yes (Initial Phase) Web- based 
Modularity Medium High 
Orchestrator 
Support 

Yes No 

OS Support Most Supported on 
Linux 

Linux, Windows, 
and MAC 

TLS Support Yes Yes 
Multi-threading 
Support 

Yes Yes 

Distributed / 
Centralized 

Centralized Distributed 
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In this testing, QoS of data transfer would be tested in 
accordance with the QoS ITU-T G. 1010 End-user 
multimedia QoS Catagories and TIPHON standards. 

 
E. Research Scenario 

 
In this reseach, the implementation and testing would be 

tested by the steps as follows. 
1. Installation and configuration to build SDN network. 
2. Connectivity checking by doing ping among hosts.  

Testing the quality of network. This step is done by 
analyzing the network quality with a transfer data scenario. 
The values of QoS with Jitter, Packet Loss, Actual 
Bandwidth, and Throughput as parameters would be taken 
under Iperf3 and D-ITG as the testing programs. The 
performace values of SDN device would be carried out. 

 
IV. ANALYSIS AND RESULTS 

 
After getting the results and doing the analysis test, the 

comparison of Banana Pi and RPi were done. This 
comparison aims to show which device is better if applied in 
SDN architecture. Hence, the whole of it will not be the 
same. There will be some differences on measuring network 
quality such as designing device. The total of devices is 
shown in Fig 1 and Fig 2. As what was explained about 
control plane and data plane in Raspberry Pi connected by 
Gigahub Switch. While Banana Pi was connected by 
Wireless Connection. Then, we use the USB to LAN in the 
reason of the limitation of RPi in Gigabit Ethernet port. The 
device specifications are shown in Table II. Jitter, 
Throughput, and Actual Bandwidth will be compared using 
Iperf3 as the testing program. 

 
A. Quality of Service (QoS) 

 
The comparison of QoS is shown in graphic with the 

values written for each parameter, i.e. Jitter, Throughput and 
Bandwidth usage percentage on Banana Pi and Rpi. 

 
 Jitter  

The value of Jitter on Banana Pi is shown in Figure. 3 
whereas the samples are taken from the Iperf3 testing 
program. Within the testing scenario each data weight 
specifies at 100 MBytes, 125 MBytes, and 150 Mbytes. 
Also, the bandwidth settings are at 100 Mbps, 150 Mbps, 
and Default. 

 
 

 
 

 
Figure 3. Jitter on Banana Pi 

 
Jitter value is directly proportional to bandwith and 

amount of data. Overall, the values which are obtained only 
have a little difference. The graphic shown that jitter values 
increase because of the testing on a different amount of data 
has done before as explained and included in the good 
category for Jitter with TIPHON standards. 

 

 
Figure 4. Jitter on Raspberry Pi 

 
In Figure 4, the testing is done with 3 bandwidth settings, 

although the result of the jitter itself is affected by the time of 
data processing and reassembling packages at the end, 
resulting in some influences on time and amount of data. So, 
the jitter values are shown unstable. Still, the results of jitter 
values are in the same good category on Banana Pi which is 
0 until 75 ms. 

The conclusion of the comparison of jitter values on RPi 
and Banana Pi is the quality of jitter has not much different 
and still in the same category of TIPHON standards, 0 until 
75 ms. The differences in values can be caused by the 
device performance, different test scenarios, and testing 
device. 

 
 Throughput 
 

We compare the throughput quality on SDN, built in RPi 
and Banana Pi. In Figure. 5, the sample of throughput values 
of Banana Pi are from the testing program D-ITG with the 
amount of sent datas are 125 Bytes, 1250 Bytes and 12500 
Bytes. These datas are sent in seconds (1 second, 5 seconds, 
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and 10 seconds). The scenario is decided to prove the result 
of network quality test which already appropriate. 

From the results, shown in graphic, it can be concluded 
that as the amount of sent datas per second getting higher, 
the throughput and time of sending datas are getting higher 
too. According to the TIPHON standards for throughput 
category, it’s already very good since we got more than 
1200 Kbps. The values achieved from the test results are not 
much different and the limit of its bandwidth are at less than 
equal 300 Mbps. This thing can affect the capability of the 
limited testing program features. 

 

 
Figure 5. Throughput in Banana Pi. 

 

In Figure 6, when the bandwidth is set to 5 mbps, 10 
mbps and 20 mbps it shows that the value of throughput is 
directly proportional with bandwidth. Throughput of RPi is 
on the good standard according to ITU-T G.1010. It’s 
because of the received total hit devided by sending time 
results a throughput value on each testing scenario.  

 
Figure 6. Throughput on RPi. 

 

However, all results from the same testing can be 
concluded that the limit of data transfer only at 3 mbps. It is 
proven from USB to LAN adapter replacing the LAN 
adapter. Compared to the throughput values on Bpi which is 
shown in Figure. 6, it has a different testing scenario by 
changing the emount of data passing through every second. 
The result obtained shows that the throughput is directly 
proportional to the amount of data. 

 

 Actual Bandwidth 
 

 
Figure 7. Actual Bandwidth 

 
Figure 7 shows the bandwidth usage percentage of RPi 

and Banana Pi. The graphic represents a decreasing of 
bandwidth usage percentage on RPi. Every bandwith setting 
value shall increases by the factors explained before, i.e. the 
transfer data limit is only at 3 mbps and the affect of USB to 
LAN adapter replacing LAN adapter. The use of bandwidth 
on RPi resulting the same value, even though there is a 
difference on bandwidth setting, the percentage value will 
follow it but not with the bandwidth usage value at 1.96 
Mbps maximum. Besides, for Banana Pi, the effeciency of 
bandwidth usage is more than 95% on a stable network on 
each bandwidth parameter. So, it can be concluded that the 
use of Banana Pi is more optimal than RPi on using the 
network bandwidth. 

 
B. Device Performance 

 

 
Figure 8. Comparison of Device Perfomance. 

 

In this section, the sample resources are from the device 
used, CPU Usage and RAM Usage on Banana Pi with the 
specification of CPU is Quad Core ARM Cortex A-7 and 
RAM 2GB DDR3 respectively. For RPi, the specification is 
CPU 4x ARM Cortex-A53, and RAM 1GB LPDDR2. The 
datas from those resources are taken under a running network. 
More than that, we also take the QoS data.  
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Figure 8 shows the average value from the used 
resources, when the SDN is running. On the value of Banana 
Pi, it can be concluded that the CPU usage had a greater 
value because the server is running the ONOS controller. 
ONOS is built by a Java script, consuming a lot of CPU 
resources. On the other hand, RPi uses Ryu controller. Ryu is 
built by a Phyton script, with a processor that consuming 2 
times less than Banana Pi. Not much different from CPU 
usage for RAM usage on both devices shown the Banana Pi 
graph, 2 times larger in consuming memory. From the tests 
that have been done, the use of CPU and RAM resources is 
not more than 50% because the SDN Framework will only 
increases CPU performance when the application is 
refreshed continuously (refreshed <10s). It happens because 
there is a data load process and CPU increase. 

 
V. CONCLUSION 

 
An SDN architecture model can be applied on Banana Pi 

using ONOS as its controlloer and RPi using Ryu as its 
controller. The performance of Banana Pi using ONOS 
controller has high throughput values. In 5M, 10M, 20M 
bandwith, the throughput values are 4.16 Mbps, 38.06 Mbps, 
and 245.47 Mbps respectively. These results show that the 
actual bandwidth of Banana Pi is stable at >95% on each set 
bandwidth. So, Banana Pi is more optimal in network 
bandwidth usage.  

The performance of Raspberry Pi using Ryu controller 
has low throughput values. In 5M, 10M, and 20M 
bandwidth, the throughput values are 1.961 Mbps, 1.962 
Mbps, and 1.964 Mbps respectively. This condition gives an 
information of the limitation of its bandwidth. Even if the 
setting bandwidth has been set, the maximum of its actual 
bandwidth will never be more than 2 Mbps because of the 
RPi limitations. This certainly becomes an important 
parameter for researchers who want to implement SDN 
networks with greater bandwidth requirements. RPi which 
only uses Ryu controller with RAM usage at 13% of its total 
RAM Usage. This result is lower than Banana Pi which uses 
RAM usage at 21%. That is because the Python language 
tends to be lighter when processing codes rather than the 
Java language which consumes more RAM and CPU usage. 
The results of QoS parameters are still on the track of our 
reference, ITU-T G.1010 and TIPHON. 

From this it can be said that Banana Pi that uses ONOS 
as a controller is more suitable for use on large scale 

networks that require greater device performance. Whereas 
the needs of SDN implementation for small scale can use 
Raspberry Pi with Ryu as the controller. 
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