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Disclaimer

This work has been done in cooperation with LumenRadio.
They supplied the hardware and software, but were not
involved during the testing phase. The test scenarios were
chosen/decided by an industrial third party.

Executive Summary

The document was written to describe the comparative tests conducted on SmartMesh IP and Mi-
raMesh, and to report on the measurements and results obtained. This document has two purposes:
(1) to provide with feedback on the results of the test conducted on the two wireless mesh technology
under study, and (2) to present the setup and approaches used in the tests and provide input for
additional studies. Since this report aims to be impartial, and all the tests were conducted in very
specific environment and scenarios, it includes relatively few conclusions and no recommendations.

Chapters of this report describe the results of the comparative tests of SmartMesh IP and MiraMesh
in three major areas: communication reliability, latency, and energy efficiency. The design of the tests
aimed to emulate different industrial scenarios in which wireless mesh networks can be employed.
These included applications with motor sensors, process sensors, alarm sensors, and Modbus master-
slave communication.

The rest of this summary presents the key findings from the study.

Note that the configuration parameter (i.e., Performance Rate and Requested Bandwidth) can
drastically affects the latency and energy consumption results of the tests. The Performance Rate in
MiraMesh and the Requested Bandwidth in SmartMesh IP have a similar role in the two technologies,
that is, allowing a trade-off between energy consumption and the time interval between transmission
opportunities. In all the tests conducted, the latency of MiraMesh was generally measured to be lower
than that of SmartMesh IP. Vice-versa, MiraMesh generally recorded a higher number of lost packets
than SmartMeshIP. Looking at number of failed transmission at MAC layer seems to indicate that the
higher e2e reliability of SmartMesh IP is not the consequence of Physical layer reliability, but derives
from re-transmission mechanisms at higher layers of the communication stack. This observation seems
to match with the latency and energy consumption results, in which MiraMesh outperform SmartMesh
IP. Having more aggressive re-transmission schemes would favor SmartMesh IP in term of reliability
but also penalize it in terms of latency and energy consumption. The lower communication reliability
afforded by MiraMesh in test cases 1 and 3, is balanced by the better energy and latency results.

Both technologies allow the possibility to re-program the motes on the air, using the wireless mesh
connectivity to transmit the firmware updates. SmartMesh IP and MiraMesh offer the possibility to
configure and adapt their respective mechanisms to make them more suitable for the target application.
In the tests, only the standard behavior of the two mechanisms was compared without any modification.
The results showed that using the SmartMesh IP OTAP Application the time required to update the
motes was consistently measured to be 35 minutes for all motes and in all test iterations. On the other
hand, MiraMesh FOTA mechanism showed more variability with update times ranging from one to
thirty minutes depending on the motes locations and path characteristics.



1 Introduction

This document summarizes the results of a series of comparative tests conducted on MiraMesh' and
SmartMesh IP? networks. To compare the two connectivity solutions, a series of 5 tests have been
conducted to assess the reliability and timeliness performances under different operating conditions.
All tests were conducted within the same office environment at the Sundsvall campus of Mid Sweden
University, encompassing approximately 1000 square meters.

MiraMesh and SmartMesh IP are both wireless mesh technologies and hence share similarities in
the components. Hereafter, unless discussing a specific technology, we will use the term gateway(GW)
to indicate the border node that monitors and manages network performance and security, establishes
and maintains routes in the network, and exchanges data with a host application. This is the equivalent
of the root node for a MiraMesh network and a Network Manager for a SmartMesh IP network. The
motes are the nodes in the networks that forwards (i.e., routes) messages between endpoints; messages
can be originating from themselves or other motes in the network. These are the equivalent of Mesh
nodes in a MiraMesh network. Finally, note that MiraMesh defines a third type of device, the Leaf
node, which behaves likes a Mesh node but without the ability to route traffic to/from other nodes.

The rest of the report is organized as follows. Section 2 presents the types of equipment used in the
tests and the experimental setup. Section 3 discusses the metrics used in the comparative performance
evaluation. Sections 4, 5, 6, 7, and 8 respectively present the results obtained in the five test cases.
Finally, Section 9 concludes the report by summarizing some of the general results and trends that
have emerged from the experiments.

2 Setup and equipment

To conduct the tests, ten motes and one gateway were deployed in the university facilities. All tests
were conducted on the 4th floor of the L-building at the Mid Sweden University campus in Sundsvall
(SE). A planimetric view of the test environment is shown in Fig. 1, where the location of the Motes
and Gateway are indicated by green and red circles, respectively. All tests have been conducted in
succession and over both day and night hours. Before recording the results of each test, the networks
were left running for one hour to ensure that all motes had joined and give time to the GW to dis-
cover and optimize all paths. Throughout the whole floor, there is the presence of WiFi interference
generated by laptops, phones, and other office equipment (e.g., printers) connected to the university
WiFi network.

The equipment

For MiraMesh, both motes and gateway were implemented on nRF52840% Development Kit (DK)
boards (Fig. 2a). The nrf52840-dk includes an nRF52840 SoC and an on-board SEGGER J-Link
debugger/programmer. The nRF52840 is an ultra-low-power 2.4 GHz wireless system on chip (SoC)
integrating a multiprotocol 2.4 GHz transceiver, an Arm@®) Cortex®)-M4F CPU, and flash program
memory.

Instead, the SmartMesh IP motes were implemented on DC9018B-B Demo Boards* (Fig.2b),
mounting an LTC5900 chip, an SoC with an ARM Cortex-M3 and a 2 dBi external antenna. As
a gateway for SmartMesh IP the DC2274A-A SmartMesh IP USB Manager was used (Fig.2c), mount-
ing an LTP5902-IPR SmartMesh IP manager chip and a 2 dBi external antenna. USB connectivity
was used to connect the DC2274 to a computer, from which to configure the DC2274, send commands
and configurations to the motes, and retrieve sensor measurements. Table 1 lists the development
boards used for the tests along with a selected list of parameters. In the results, the motes have been
identified by the hexadecimal representation of the last 16 bits of their MAC address, to which an ID
between 0 and 9 was associated for clarity, according to Table 2.

lhttps://docs. lumenrad.io/miraos/2.4.0/description/miramesh.html

2https://www.analog.com/en/applications/technology/smartmesh-pavi lion-home/smartmesh-technology.html

Shttps://www.nordicsemi .com/Products/Development-hardware/nrf52840-dk/getstarted

4https://ww.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/
dc9018b-b._html
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with selected characteristics.

Table 1: Boards U
Qty. SoC

sed in the tests
Role

Device Protocols Antenna Max. TX power Sensitivity
SmartMesh p | DC9018B-B | 10 | LTPS902-PM | Mote IEEE 802.15.4e (szg’gi‘)a' +10 dBm ;2‘125&)

DC2274A-A |1 | LPT5902-IPM | GW (Manager) IEEE 802.15.4 (sztjeé'i‘)a' +10 dBm iggEgErlT; »
MiraMesh NRF52840 DK | 11 | nRF52840 3‘2{;?&2& Node) ﬁzhéeé(’;(;;'f;igooﬁ Integrated PCB | +8 dBm &gSEgE'l“ 10 10%)

Figure 1: Planimetric view of the test environment, showing gateway (green) and motes (red) locations.

The measurements on energy consumption and current draw have been performed using &tii
Arc® energy consumption analysis tool.

Table 2: Model and last 16 bits of MAC address of the devices used in the test.

D MiraMesh Smart Mesh IP
Model MAC Model MAC
GW | nRF52840 DK | 7282 | DC2264A-A | d3d2
0 nRF52840 DK | cald | DC9018B-B | 4551
1 nRF52840 DK | ef29 | DC9018B-B | 468b
2 nRF52840 DK | 9dec | DC9018B-B | 23c3
3 nRF52840 DK | ¢113 | DC9018B-B | 5136
4 nRF52840 DK | e687 | DC9018B-B | 4619
5 nRF52840 DK | fe53 | DC9018B-B | 5931

6 nRF52840 DK | 5115 | DC9018B-B | f1f8
7 nRF52840 DK | a7la | DC9018B-B | 5874
8 nRF52840 DK | 1d32 | DC9018B-B | e95c
9 nRF52840 DK | 6c09 | DC9018B-B | 67c2

Shttps:/iwww.qoitech.com/docs/quick-start
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