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RINGKASAN

TISNA SUDRAJAT. Analisis Kinerja Routing Protocol for Low-power and Lossy
Networks pada Node Bergerak pada Wireless Sensor Networks dengan IPv6.
Dibimbing oleh SRI WAHJUNI dan HENDRA RAHMAWAN.

Perkembangan [Internet of Things (IoT) telah mendorong pemanfaatan
Wireless Sensor Networks (WSN) pada berbagai bidang, termasuk sistem
pemantauan ternak. Pada aplikasi tersebut, sensor digunakan untuk memantau
kondisi ternak dan lingkungan secara real-time sehingga mendukung pengambilan
keputusan yang lebih cepat dan akurat. Sebagian besar implementasi WSN berbasis
IoT beroperasi pada lingkungan Low-power and Lossy Networks (LLN), yaitu
jaringan dengan keterbatasan daya, kapasitas pemrosesan, memori, dan kualitas
komunikasi yang berubah-ubah. Untuk mendukung komunikasi berbasis IPv6 pada
perangkat berdaya rendah digunakan teknologi /Pv6 over Low-Power Wireless
Personal Area Networks (6LoWPAN), sedangkan proses routing dilakukan
menggunakan Routing Protocol for Low-power and Lossy Networks (RPL) yang
dikembangkan oleh Internet Engineering Task Force (IETF). Meskipun RPL telah
menjadi protokol standar pada jaringan LLN, sebagian besar penelitian masih
dilakukan pada kondisi jaringan statis, sedangkan pada aplikasi pemantauan ternak
node sensor bergerak mengikuti aktivitas hewan sehingga menyebabkan perubahan
topologi jaringan secara dinamis.

Penelitian ini bertujuan menganalisis pengaruh model mobilitas nrode
terhadap kinerja RPL pada jaringan WSN berbasis IPv6. Selain itu, penelitian ini
juga menganalisis pengaruh variasi jumlah node dan jangkauan transmisi terhadap
performa jaringan serta hubungan antar metrik kinerja dalam menggambarkan
stabilitas komunikasi pada jaringan LLN. Hasil penelitian diharapkan dapat
memberikan pemahaman mengenai karakteristik RPL pada kondisi mobilitas
rendah yang merepresentasikan lingkungan peternakan serta menjadi referensi
dalam pengembangan sistem pemantauan ternak berbasis IoT.

Penelitian dilakukan menggunakan pendekatan simulasi dengan sistem
operasi Contiki-NG dan simulator Cooja. Simulasi menggunakan node Tmote Sky,
standar komunikasi IEEE 802.15.4, protokol transport UDP, serta protokol routing
RPL yang menerapkan Minimum Rank with Hysteresis Objective Function
(MRHOF) berbasis metrik Expected Transmission Count (ETX). Skenario simulasi
menggunakan tiga model mobilitas, yaitu Static, Random Walk, dan Random
Waypoint, dengan variasi jumlah node sebanyak 10, 30, 100, dan 150 node,
jangkauan transmisi 30 meter dan 50 meter, area simulasi 100 x 100 meter,
kecepatan node 1 m/s, serta waktu simulasi selama 600 detik. Setiap skenario
dijalankan sebanyak 10 kali menggunakan random seed yang berbeda. Evaluasi
dilakukan menggunakan enam metrik, yaitu Packet Delivery Ratio (PDR),
throughput, latency, konsumsi energi, Received Signal Strength Indicator (RSSI),
dan Expected Transmission Count (ETX). Analisis korelasi juga dilakukan untuk
mengetahui hubungan antar metrik dalam menggambarkan performa jaringan.

Hasil penelitian menunjukkan bahwa model mobilitas berpengaruh terhadap
performa RPL. Model Static memberikan performa paling stabil dengan nilai PDR
yang lebih tinggi, latency yang lebih rendah, serta nilai ETX yang lebih kecil
dibandingkan model mobilitas lainnya. Sebaliknya, model Random Walk



menunjukkan penurunan performa akibat perubahan topologi yang berlangsung
secara terus-menerus sehingga meningkatkan frekuensi pergantian parent dan
retransmisi paket. Model Random Waypoint menghasilkan performa yang berada
di antara kedua model tersebut karena adanya waktu jeda (pause time) yang
mengurangi intensitas perubahan topologi. Peningkatan jumlah node menyebabkan
kepadatan jaringan bertambah sehingga PDR cenderung menurun, /latency
meningkat, dan kualitas jalur komunikasi menjadi kurang stabil. Sementara itu,
jangkauan transmisi yang lebih besar mampu meningkatkan peluang
keterhubungan antar node sehingga pada beberapa kondisi menghasilkan performa
komunikasi yang lebih baik. Analisis korelasi menunjukkan bahwa peningkatan
nilai ETX berkaitan dengan penurunan PDR, sedangkan throughput, latency, dan
RSSI saling berkaitan dalam menggambarkan kualitas komunikasi pada jaringan.
Penelitian ini menunjukkan bahwa RPL dengan MRHOF masih mampu
mempertahankan komunikasi pada kondisi mobilitas rendah, namun performanya
menurun seiring meningkatnya mobilitas dan kepadatan jaringan. Temuan
penelitian ini memberikan gambaran mengenai karakteristik RPL pada jaringan
WSN berbasis [Pv6 dengan node bergerak serta dapat menjadi dasar bagi
pengembangan mekanisme routing yang lebih adaptif terhadap perubahan topologi
pada aplikasi IoT, khususnya sistem pemantauan ternak berbasis sensor nirkabel.

Kata kunci:  IPv6, mobilitas node, pemantauan sapi perah, Routing Protocol for
Low-Power and Lossy Networks, Wireless Sensor Networks.



SUMMARY

TISNA SUDRAJAT. Performance Analysis of RPL on Mobile Nodes in WSN with
IPv6. Supervised by SRI WAHJUNI, and HENDRA RAHMAWAN.

The rapid advancement of the Internet of Things (IoT) has
accelerated the adoption of Wireless Sensor Networks (WSNs) in various
application domains, including environmental monitoring, precision agriculture,
healthcare, industrial automation, and livestock monitoring. In livestock farming,
WSNs enable real-time monitoring of animal health, behavior, and environmental
conditions through distributed sensor nodes, thereby supporting more effective
farm management and early detection of health-related issues. Most IoT-based
WSN applications operate in Low-power and Lossy Networks (LLNs), which are
characterized by limited energy resources, constrained processing capabilities,
restricted memory, and unstable wireless communication /inks. To support IPv6
communication in such constrained environments, /Pv6 over Low-Power Wireless
Personal Area Networks (6LOWPAN) is employed, while network routing is
handled by the Routing Protocol for Low-power and Lossy Networks (RPL), the
standard routing protocol developed by the Internet Engineering Task Force (IETF).
Although RPL has been extensively studied, most existing research has focused on
static network scenarios, whereas practical livestock monitoring systems involve
mobile sensor nodes attached to animals, resulting in dynamic network topology
changes.

This study aims to analyze the impact of node mobility on the performance
of RPL in IPv6-based WSNs. Furthermore, it investigates the effects of different
network sizes and transmission ranges on routing performance, as well as the
relationships among network performance metrics in representing communication
stability within LLNs. The findings are expected to provide a better understanding
of the behavior of standard RPL under low-mobility conditions representative of
livestock monitoring environments and to serve as a reference for the development
of more reliable IoT-based monitoring systems.

The research was conducted through simulation using the Contiki-NG
operating system and the Cooja network simulator. Simulations employed Tmote
Sky sensor nodes, the IEEE 802.15.4 communication standard, the UDP transport
protocol, and the RPL routing protocol configured with the Minimum Rank with
Hysteresis Objective Function (MRHOF) based on the Expected Transmission
Count (ETX) routing metric. Three mobility models—Static, Random Walk, and
Random Waypoint—were evaluated under different network configurations
consisting of 10, 30, 100, and 150 sensor nodes, transmission ranges of 30 m and
50 m, a simulation area of 100 x 100 m, a node speed of 1 m/s, and a simulation
duration of 600 seconds. Each simulation scenario was executed ten times using
different random seeds to improve the reliability of the results. Network
performance was evaluated using six metrics: Packet Delivery Ratio (PDR),
throughput, end-to-end latency, energy consumption, Received Signal Strength
Indicator (RSSI), and Expected Transmission Count (ETX). In addition, correlation
analysis was performed to examine the relationships among these performance
metrics.



The simulation results demonstrate that node mobility significantly affects
the performance of RPL. The Static mobility model achieved the most stable
network performance, characterized by higher Packet Delivery Ratio, lower end-
to-end latency, and smaller ETX values than the other mobility models. In contrast,
the Random Walk model exhibited the lowest performance because continuous
topology changes increased parent switching frequency and packet retransmissions.
The Random Waypoint model produced intermediate performance due to the
presence of pause intervals that reduced the frequency of topology changes.
Increasing the number of sensor nodes led to higher network density, which
consequently reduced Packet Delivery Ratio, increased latency, and degraded
communication stability. Conversely, a larger transmission range improved node
connectivity and, under several scenarios, enhanced overall communication
performance. Correlation analysis further revealed that higher ETX values were
associated with lower Packet Delivery Ratios, while throughput, latency, and RSSI
collectively reflected the quality and stability of network communication.

Overall, the results indicate that RPL employing MRHOF remains capable of
maintaining reliable communication under low-mobility conditions, although its
performance gradually deteriorates as node mobility and network density increase.
This study provides a comprehensive evaluation of standard RPL performance in
dynamic IPv6-based WSN environments and contributes valuable insights for the
design and optimization of adaptive routing mechanisms in IoT applications,
particularly wireless sensor network-based livestock monitoring systems.

Keywords:  Dairy cattle monitoring, IPv6, node mobility, Routing Protocol for
Low-Power and Lossy Networks, Wireless Sensor Networks.
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