
Comparative performance evaluation of MiraMesh and

SmartMesh IP

Luca Beltramelli, Mid Sweden University
email: luca.beltramelli@miun.se

October 5, 2021

1

mailto:luca.beltramelli@miun.se


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.

2



1 Introduction

This document summarizes the results of a series of comparative tests conducted on MiraMesh1 and
SmartMesh IP2 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 nRF528403 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 Boards4 (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.

1https://docs.lumenrad.io/miraos/2.4.0/description/miramesh.html
2https://www.analog.com/en/applications/technology/smartmesh-pavilion-home/smartmesh-technology.html
3https://www.nordicsemi.com/Products/Development-hardware/nrf52840-dk/getstarted
4https://www.analog.com/en/design-center/evaluation-hardware-and-software/evaluation-boards-kits/

dc9018b-b.html
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Table 1: Boards used in the tests with selected characteristics.
Device Qty. SoC Role Protocols Antenna Max. TX power Sensitivity

SmartMesh IP
DC9018B-B 10 LTP5902-IPM Mote IEEE 802.15.4e

External
(2 dBi)

+10 dBm
-93 dBm
(PER=1%)

DC2274A-A 1 LPT5902-IPM GW (Manager) IEEE 802.15.4
External
(2 dBi)

+10 dBm
-93 dBm
(PER=1%)

MiraMesh nRF52840 DK 11 nRF52840
GW (Root)
Mote (Mesh Node)

Bluetooth mesh,
IEEE 802.15.4-2006

Integrated PCB +8 dBm
-95 dBm
(BER=1 · 10−19%)

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 an Otii
Arc5 energy consumption analysis tool.

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

ID
MiraMesh Smart Mesh IP

Model MAC Model MAC
GW nRF52840 DK 7282 DC2264A-A d3d2

0 nRF52840 DK ca1d DC9018B-B 4551
1 nRF52840 DK ef29 DC9018B-B 468b
2 nRF52840 DK 9dec DC9018B-B 23c3
3 nRF52840 DK c113 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 a71a DC9018B-B 5874
8 nRF52840 DK 1d32 DC9018B-B e95c
9 nRF52840 DK 6c09 DC9018B-B 67c2

5https://www.qoitech.com/docs/quick-start
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(a) nRF52840 (MiraMesh) (b) DC9018B-B (SmartMesh
IP mote).

(c) DC2274A-A (SmartMesh IP Man-
ager).

Figure 2: Pictures of the devices used in the tests.

(a) External view of the building. (b) Internal view of the building.

Figure 3: Images of the building were the tests have been conducted.

Table 3: Test cases and their parameters
Test Scenario GW Function Mote Function TX Interval Payload Test Duration
1 Motor Sensors Receive sensor value Transmit periodic sensor value 1 s 80 B 24 hours
2 Process Sensors Receive sensor value Transmit periodic sensor value 10 s 80 B 48 hours

3 Smoke Detector
Receive alarms and
heart-beat (HB) messages

Transmit periodic HB
messages and occasional alarm

10 s (HB)
10 min (Alarm)

20 B (HB)
100 B (Alarm)

24 hours

4 Modbus Polling Periodically poll each mote Reply the GW with the sensor value 20 s 80 B 24 hours

5 Firmware Update
Distribute a large file (45 kB) to
all motes

Receive the update from the GW N/A N/A 10 Firmware updates

3 Performance metrics

In all tests, two key performance indicators (KPIs) have been investigated: the end-to-end (e2e) latency
and the reliability. The first is defined as the time elapsing between the generation of a message at
the sender and its reception at the destination. The end-to-end reliability is defined as the probability
that a message fails to be delivered to its destination. The reliability is a derived metric calculated
as 1 − Lost Pkts.

TX Pkts , where TX Pkts is the number of packets transmitted by the user’s application, and
Lost Pkts. is the number of packets transmitted by the user’s application which failed to be received
at the destination. The e2e Reliability is hence equivalent to the packet delivery rate (PDR) as
measured by the user’s traffic. Note that the level of accuracy to which the e2e Reliability/PDR can
be determined is a function of the number of packets transmitted during the tests.

Besides the aforementioned metrics it was possible to record other performance metrics such as
the received signal strength indicator (RSSI), the hop count (Avg Hop Count), or the number of
failed transmissions recorded at the medium access control layer (Fail MAC). Some of these metrics
were computed and provided to the user directly by MiraMesh and SmartMesh IP through their
API interfaces. Note that MiraMesh and SmartMesh IP provide different information to the user;
moreover, they employ their own metrics for representing the quality of the radio links (e.g., ETX for
MiraMesh, Path quality, and Path stability for SmartMesh IP). Hence, it is not always possible, nor
advisable, to directly compare the unique metrics reported by different solutions, especially without
knowing what statistics operations each solution performs on the sample data. In Table 4, the metrics
recorded by MiraMesh and SmartMesh IP are explained to the best of the information found within
the documentation.
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Table 4: Metrics collected for MiraMesh and Smart Mesh IP
Metric Note

MiraMesh

tx unicast packets Nbr. of unicast packets sent to a specific neighbour.
tx failed Nbr. of packets that failed to be transmitted.
rssi RSSI of the packets from the parent.
ETX Moving average of the number of transmissions needed to get an ACK for a packet being sent.
parent address MAC address of the parent node

SmartMesh IP

Path stability Ratio of acknowledged packets to sent packets between two motes.

Path quality
Equivalent to path stability for a used path, and is based on RSSI for an unused path.
(Good Neighbor if quality > 50%)

rssiSrcDst Radio signal strength for transmissions from the child to the parent
rssiDstSrc Radio signal strength for transmissions from the parent to the child
numArrivedPackets Number of lost packets
numLostPackets Number of received packets

4 Test case 1: Motor Sensor

The first test case intends to evaluate the performance of SmartMesh IP and MiraMesh in applications
with periodic and frequent sensor reporting. In this test, each mote periodically generates a message
for the GW. Each message contains 80 Bytes of payload, while the transmission interval is of one
second. Two tests were separately conducted for SmartMesh IP and MiraMesh over contiguous days;
each test lasting for 24 hours.

4.1 Implementation and operation

The configuration parameters specific to test case 1 are reported in Table 5.

4.1.1 MiraMesh

Each mote, after joining the networks as as mesh node, generates periodic UDP messages for the GW.
A new message is generated every second using a timer synchronized to the network clock; the time of
the initial transmission is chosen randomly after the node has joined the network. In the mesh node
configuration, a device is capable of routing its neighbor traffic. Because all nodes, to the exception
of the GW, were configured as mesh nodes, the GW was left with complete freedom in choosing the
routing in the network. The payload of the message transmitted by the motes piggybacked the following
information: MAC address of the parent, RSSI of the parent, ETX, generation time, tx unicast packets,
tx failed.

At the root node (i.e., GW), a function, executed whenever a UDP packet is received, extracts the
information contained in the payload of the message and prints it on the serial interface along with
the MAC address of the sender and the reception time. At the host, the user’s application reads the
data from the serial interface, processes it, and records it to a file.

4.1.2 SmartMesh IP

After a mote has joined the network and granted service by the Network Manager (i.e., GW) it
generates periodic messages for the GW. The messages contain 80 bytes of payload data.

Once the messages are received at the GW, a data notification is generated and transmitted using
the serial Application Programming Interface (API) to a host application running on a laptop. The
data notification contains information on the time that the packet was generated at the mote, the
MAC address of the generating mote, the source port, the destination port, and the payload.

To obtain information on the current health of the network, the host application periodically trans-
mits over the serial interface the following API commands to the GW: getMoteConfig, getMoteInfo,
getNextPathInfo. The commands are transmitted every 15 minutes, matching the periodicity of the
health reports that the motes transmit to the GW in a SmartMesh IP network.

Table 5: Configuration for test case 1
MiraMesh Performance Rate 2 (root)/4(mesh node)

SmartMesh IP
Message Priority Medium

Requested Bandwidth 1000 ms

6



4.2 Results

Table 6 reports the performance statistics recorded during test case 1 for the MiraMesh network. In
Table 7, the results obtain using SmartMesh IP are reported for test case 1. This test is the most
challenging in terms of the number of packets generated per second in the network. The results show
that SmartMesh IP has a significantly higher e2e reliability compared to MiraMesh. This is especially
true when comparing the performance of motes with ID 7, 8, and 9. These are the motes with the
highest average hop counts in the MiraMesh and register a disproportionately higher packet loss and
failed transmission at the MAC layer. Looking at the number of failed MAC transmissions seems
to suggest that the reliability of SmartMesh IP derives from a more aggressive re-transmission policy,
likely allowing for a larger number of transmission attempts. In fact, the number of failed transmissions
recorded at the MAC layer suggests that the radio transmissions of SmartMesh IP are much more likely
to fail than that of MiraMesh. In terms of latency, observing the motes at one hop from the GW,
MiraMesh clearly outperforms SmartMesh IP. However, once comparing the latency of the motes at
more than one hop from the GW, the two solutions offer very similar performances.

Fig. 4 and 5 show the six most common routing configurations adopted during the test by MiraMesh
and SmartMesh IP, respectively. In the figures, the color of the paths indicates the quality of each
radio link measured with MiraMesh and SmartMesh IP own metrics, that is, ETX and Path Quality,
as defined in Table 4.

Table 6: Test case 1 MiraMesh statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. ca1d ef29 9dec c113 e687 fe53 5115 a71a 1d32 6c09
Received Pkts. 85936 85932 85933 85859 85918 85745 85919 78873 65736 65830
Lost Pkts. 464 468 467 541 482 655 481 7527 20664 20536
e2e Reliability 99.5% 99.5% 99.5% 99.4% 99.4% 99.2% 99.4% 91.3% 76.1% 76.2%
Avg Hop Count 1.00 1.00 1.00 1.00 1.00 2.00 2.00 3.00 2.11 1.87
TX MAC 87127 87175 207682 92403 324307 87471 165911 86921 68011 99694
Fail MAC 169 14 6 182 42 91 141 221 253 647
Avg ETX 1.08 1.38 1.30 1.66 1.36 1.21 1.30 1.28 1.39 1.52

Latency
Mean [s] 0.03 0.05 0.05 0.07 0.07 0.13 0.14 0.20 0.27 0.22
90p [s] 0.04 0.09 0.10 0.16 0.16 0.24 0.25 0.35 0.46 0.35
99p [s] 0.08 0.38 0.33 0.78 0.61 0.73 0.77 0.99 3.25 2.81

Table 7: Test case 1 SmartMesh IP statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. 4551 468b 23c3 5136 4619 5931 f1f8 5874 e95c 67c2
Received Pkts. 86274 86283 86287 86280 86279 86268 86247 86259 86275 86242
Lost Pkts. 0 0 0 0 0 0 0 0 0 0
e2e Reliability 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Avg Hop Count 1.00 1.00 1.00 1.76 1.00 1.19 2.07 3.01 2.00 1.95
TX MAC 194199 247676 146845 103360 240142 222692 188502 105802 104592 139510
Fail MAC 5055 18057 6352 4712 38812 48496 14697 12083 12597 36185
Avg Latency[s] 0.12 0.13 0.16 0.25 0.11 0.17 0.28 0.53 0.37 0.38
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Figure 4: The six most common network configurations formed by MiraMesh in test case 1, the color
of the edges represents the average ETX.

Figure 5: The six most common network configurations formed by SmartMesh IP in test case 1, the
color of the edges represents the average path quality, the width of the edges represents the number
of link using the path.

5 Test case 2: Process Sensor

The second test case intends to evaluate the performance of SmartMesh IP and MiraMesh in appli-
cations with periodic sensor reporting. In this test, each mote sends a message with a payload of 80
Bytes every 10 seconds. The test, conducted separately for SmartMesh IP and MiraMesh, lasted for
24 hours.

5.1 Implementation and operation

The implementation is almost identical to that discussed in Section 4.1 relative to test case 1. The only
differences are the longer transmission periodicity and the adjusted configuration parameters reported
in Table 8.
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Table 8: Configuration for test case 2
MiraMesh Performance Rate 6 (root)/8(mesh node)

SmartMesh IP
Message Priority Medium

Requested Bandwidth 10000 ms

5.2 Results

Table 9 reports the performance statistics recorded during test case 2 for the MiraMesh network. In
Table 10, the results obtain using SmartMesh IP are reported for test case 2. Compared to the first
use case, the generation of packets occurs only every ten seconds, allowing the devices to sleep for a
longer time between transmissions and generating a smaller data rate. The results show an appreciable
increase in reliability and a reduction of the failed transmissions at the MAC layer. Both MiraMesh
and SmartMesh IP achieve very high e2e reliability. During the tests, only motes 8 and 9 in the
MiraMesh tests have observed significant packet loss. Most likely, the cause of packet loss is to be
found in the radio link between the GW and mote 9, which is also used to relay the data transmitted
by mote 8 to the GW.

Note that mote 3 in the SmartMesh IP network powered off during the test because of its battery
failing; hence its results have been ignored. The average e2e latency recorded by SmartMesh IP is
significantly higher than that recorded in MiraMesh. Fig. 6 and 7 show the routing configurations
adopted during the test by MiraMesh and SmartMesh IP, respectively. In the figures, the color of
the paths indicates the quality of each radio link measured with MiraMesh and SmartMesh IP own
metrics, that is, ETX and Path Quality. SmartMesh IP seems to prefer adjusting the configuration of
the routes more frequently than MiraMesh, which after the initial network setup phase, mostly uses
one configuration.

Table 9: Test case 2 MiraMesh statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. ca1d ef29 9dec c113 e687 fe53 5115 a71a 1d32 6c09
Received Pkts. 6051 6051 6051 6051 6051 6051 6053 6052 6031 6012
Lost Pkts. 2 2 2 2 2 2 2 1 22 41
e2e Reliability 100% 100% 100% 100% 100% 100% 100% 100% 99.6% 99.3%
Avg Hop Count 1.00 1.00 1.00 1.00 1.00 1.11 1.99 3 2.00 1.08
TX MAC 7405 6811 6907 6925 19427 6922 13221 7361 7141 12568
Fail MAC 11 110 2 0 0 44 73 192 60 74
Avg ETX 1.08 1.13 1.26 1.24 1.27 1.39 1.18 1.08 1.18 1.76

Latency
Mean [s] 0.11 0.12 0.18 0.15 0.15 0.27 0.57 0.77 0.94 1.01
90p [s] 0.19 0.19 0.32 0.20 0.26 0.53 1.00 1.02 1.87 3.06
99p [s] 0.43 0.53 1.55 0.98 0.67 2.13 3.82 1.89 9.56 9.73

Table 10: Test case 2 SmartMesh IP statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. 4551 468b 23c3 5136 4619 5931 f1f8 5874 e95c 67c2
Received Pkts. 17659 17662 17661 NA 17661 17664 17659 17659 17661 17664
Lost Pkts. 0 0 0 NA 0 0 0 0 0 0
e2e Reliability 100.0% 100.0% 100.0% NA 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Avg Hop Count 1.00 1.92 1.56 NA 1.60 1.00 2.00 2.89 1.40 1.00
Avg Latency[s] 0.59 1.24 1.12 NA 0.99 0.62 1.28 1.69 1.11 0.74
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Figure 6: The network configurations formed by MiraMesh in test case 2, the color of the edges
represents the average ETX.

Figure 7: The six most common network configuration formed by SmartMesh IP in test case 2, the
color of the edges represents the average path quality, the width of the edges represents the number
of link using the path.

6 Test case 3: Smoke Detector

The third test case is intended to evaluate the performance of SmartMesh IP and MiraMesh in appli-
cations with alarm messages. Each mote generates a heartbeat (i.e., keep-alive) message of 20 bytes
every 20 seconds. Alarm messages of 80 bytes are generated every 10 minutes plus a ± 1 minute
random interval.

6.1 Implementation and operation

The configuration parameters specific to first test case are reported in Table 11.
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6.1.1 MiraMesh

After joining the network, each node starts generating keep-alive and alarm messages. The keep-alive
messages are generated as in test cases 1 and 2, and encapsulates the RSSI of the parent, ETX,
generation time, tx unicast packets, tx failed. The alarm messages are generated with a random
interval that is uniformly distributed between 9 and 11 minutes. Each alarm message encapsulates
MAC address of the parent, RSSI of the parent, ETX, generation time, tx unicast packets, tx failed.
Note that to the best of the author’s knowledge, MiraMesh does not provide a way to define packet
priority; hence all packets transmitted in the network by the users have the same priority. That means
that the keep-alive and alarm messages are treated equally by the network.

6.1.2 SmartMesh IP

After joining the network and receiving service from the Network Manager, the motes begin generating
alarms and keep-alive messages. Alarm and keep-alive messages are transmitted using medium priority.
Unlike MiraMesh, SmartMesh IP defines three levels of priority in the message being transmitted: Low,
Medium, and High. Although such classification exists, its effect on the performance metrics was not
tested, choosing instead to transmit both keep-alive and alarm messages with the same priority.

Table 11: Configuration for test case 3
MiraMesh Performance Rate 8 (root)/10(mesh node)

SmartMesh IP
Message Priority Medium

Requested Bandwidth 19354 ms

6.2 Results

Table 12 reports the performance statistics recorded during test case 3 for the MiraMesh network.
In Table 13, the results obtained using SmartMesh IP are reported for test case 3. In the tables the
e2e reliability of heartbeat messages is reported separately in the HB Reliability row. All the other
metrics are instead calculated by combining the measurements of heartbeat and alarm messages. The
results show that both solutions achieve high reliability and record a relatively small number of failed
transmissions at the MAC layer. During the tests, only motes 7 and 8 in the MiraMesh tests have
observed an appreciable packet loss. Most likely, the cause of the packet loss is to be found in the
radio link between the GW and mote 8, which is also used to relay the data transmitted by mote 7 to
the GW.

Note that because of the battery failing, mote 1 in the MiraMesh network powered off during
the test; hence its results have been ignored. The average e2e latency recorded by SmartMesh IP is
generally higher than that recorded in MiraMesh, especially for those motes that in the MiraMesh
network are at one hop distance from the GW. Fig. 8 and 9 shows the routing configurations adopted
during the test by MiraMesh and SmartMesh IP respectively. In the figures, the color of the paths
indicates the quality of each radio link measured with MiraMesh and SmartMesh IP’s own metrics,
that is, ETX and Path Quality. Once again, it can be observed that SmartMesh IP has more diversity
in the configuration of the routes compared to MiraMesh. The latter, after the initial network setup
phase, uses only two configurations.

Fig. 10 shows the empirical cumulative density function (CDF) of the e2e latency recorded by
MiraMesh and SmartMesh IP. The better performance of MiraMesh can be noticed comparing the
curves in Fig. 10a and 10b. It can be noticed how once again the motes 6, 7, and 8 report the worst
performance in both solutions.
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Table 12: Test case 3 MiraMesh statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. ca1d ef29 9dec c113 e687 fe53 5115 a71a 1d32 6c09
Received Pkts. 4464 NA 4464 4423 4465 4464 4463 4447 4448 4463
Lost Pkts. 0 NA 0 0 0 0 0 14 14 1
HB Reliability 100% NA 100% 100% 100% 100% 100% 99.7% 99.7% 100%
e2e Reliability 100% NA 100% 100% 100% 100% 100% 99.7% 99.7% 100%
Avg Hop Count 1.00 NA 1.00 1.00 1.00 1.53 2.00 3.00 2.00 1.00
TX MAC 5632 NA 6126 5547 5598 5590 5767 6256 10276 18334
Fail MAC 171 NA 159 106 104 156 69 395 59 108
Avg ETX 1.08 NA 1.11 1.27 1.27 1.70 1.28 1.09 1.14 1.34

Latency
Mean [s] 0.26 NA 0.29 0.34 0.39 1.05 1.66 1.93 1.87 0.58
90p [s] 0.44 NA 0.45 0.45 0.48 2.44 2.78 2.57 2.61 1.01
99p [s] 0.67 NA 1.34 2.74 2.84 10.52 13.83 19.11 21.73 8.12

Table 13: Test case 3 SmartMesh IP statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. 4551 468b 23c3 5136 4619 5931 f1f8 5874 e95c 67c2
Received Pkts. 4616 4610 4611 4610 4614 4614 4614 4610 4611 4613
Lost Pkts. 0 0 0 0 0 0 0 0 0 0
HB Reliability 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
e2e Reliability 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Avg Hop Count 1.10 1.26 1.00 2.56 1.07 1.21 2.34 2.56 1.44 1.04

Latency
Mean [s] 1.02 1.29 0.54 1.13 1.31 1.15 2.27 2.42 1.79 0.70
90p [s] 2.02 2.76 0.99 2.59 3.13 2.21 4.32 3.95 3.43 1.39
99p [s] 3.45 4.39 1.75 3.99 5.22 3.72 6.35 6.55 5.41 2.38

Figure 8: The network configurations formed by MiraMesh in test case 32, the color of the edges
represents the average ETX.
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Figure 9: The six most common network configuration formed by SmartMesh IP in test case 3, the
color of the edges represents the average path quality, the width of the edges represents the number
of link using the path.
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Figure 10: Empirical cumulative density function of the latency in test case 3

7 Test case 4: Modbus Polling

Test case 4 wants to emulate the polling of the sensor data by a user application connected to the
GW. After the network is established and all motes have joined, the GW transmits a request message
to each mote. Upon receiving the request message, the mote replies to the GW with a message of its
own. The GW periodically transmits a request to each of the motes in a round-robin fashion. Upon
receiving the response from a mote, the GW immediately begins the transmission to the next mote. If
no answer is received within 10 seconds, the GW assumes that the transmission failed and contacts the
next mote in the list to avoid waiting indefinitely. This is repeated until the GW has polled all motes
in the network. A new cycle is initiated at periodic intervals of 20 seconds. The request messages
transmitted by the GW have a payload size of 10 bytes. The reply from the mote has a payload size
of 80 bytes for MiraMesh while it is 20 bytes in SmartMesh IP.

This difference was dictated by the fact that the Network Manager of SmartMesh IP was not
reliably reporting all received messages through data notification when the payload of 80 bytes was
used. This limitation is most likely due to the data rate of the serial interface that is unable to handle
the transmission of the Application Programming Interface data notification reports of the Network

13



Manager. Because these reports include the payload of the received message, a larger payload translates
to more data to be transmitted on the serial interface between Network Manager and the computer
running the user’s application.

7.1 Implementation and operation

The configuration parameters specific to first test case are reported in Table 14.

7.1.1 MiraMesh

After successfully joining the network, the mesh nodes transmit a message containing their MAC
address to the root. The root saves these MAC addresses and inserts them in the list of nodes
to periodically poll. At the root, the request messages for the mesh nodes are timestamped before
transmission. When a mesh node receives a request message, it generates an answer for the root,
including the usual information (i.e., timestamp, ETX, Parent node, RSSI, etc.). Upon receiving the
answer, the root computes the round trip time (RTT) for the exchange and moves to the following
mesh node in the list. Once it reaches the list’s end, it waits until a 20-second interval is expired from
the first transmission before beginning a new cycle.

7.1.2 SmartMesh IP

The motes are programmed to send a message to the Network manager as soon as a request message
is received. The host computer communicates via USB to the Network Manager, sending commands
to transmit of the request messages and receiving network health and data notifications. The data
notification used to record the arrival of the reply at the manager and measure the RTT at the host,
introduced a limit to the maximum size of the payload which was 20 bytes instead of 80.

Table 14: Configuration for test case 4
MiraMesh Performance Rate 6 (root)/8(mesh node)

SmartMesh IP
Message Priority Medium

Requested Bandwidth 20000 ms

7.2 Results

Table 15 reports the performance statistics recorded during test case 4 for the MiraMesh network. In
Table 16, the results obtain using SmartMesh IP are reported for test case 4. Like for test case 2, the
results show that both solutions achieve high reliability and record a relatively small number of failed
transmission at MAC layer. During the tests, only motes 7 and 8 in the MiraMesh tests have observed
an appreciable packet loss; most likely caused the radio link between the GW and mote 8, which is
also used to relay the data transmitted by mote 7 to the GW.

Note that because of the battery failing, mote 1 in the MiraMesh network powered off during
the test; hence its results have been ignored. The average e2e latency recorded by SmartMesh IP
is generally higher than that recorded in MiraMesh, especially for those motes that in the MiraMesh
network are at one hop distance from the GW. Fig. 11 and 12 shows the routing configurations adopted
during the test by MiraMesh and SmartMesh IP respectively. In the figures, the color of the paths
indicates the quality of each radio link measured with MiraMesh and SmartMesh IP own metrics,
that is, ETX and Path Quality. Once again, SmartMesh IP has more diversity in the configuration
of the routes compared to MiraMesh. The latter, after the initial network setup phase, uses only two
configurations.

Fig. 13 shows the empirical cumulative density function (CDF) of the e2e latency recorded by
MiraMesh and SmartMesh IP for the messages containing the reply of the Motes to the GW. The
better performance of MiraMesh can be noticed comparing the curves in Fig. 13a and 13b. It can be
noticed how once again the motes 6,7 and 8 are suffering the most in both solutions.

Fig. 14 shows the empirical cumulative density function (CDF) of the RTT measured from the
generation of the request message at the GW and the reception of the reply from the Motes. MiraMesh
shows smaller average and worst case RTT delay compared to SmartMesh IP.
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Table 15: Test case 4 MiraMesh statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. ca1d ef29 9dec c113 e687 fe53 5115 a71a 1d32 6c09
Received Pkts. 4314 4314 4314 4314 4314 4314 4314 4314 4314 4314
Lost Pkts. 0 0 0 0 0 0 0 0 0 0
e2e Reliability 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Avg Hop Count 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00 1.00
TX MAC 5455 5501 5560 5534 5553 5534 14124 5564 5516 5534
Fail MAC 103 57 3 6 3 26 86 2 50 4
Avg ETX 1.03 1.13 1.03 1.11 1.09 1.27 1.33 1.11 1.23 1.22

Latency
Mean [s] 0.11 0.15 0.12 0.13 0.12 0.17 0.21 0.40 0.13 0.12
90p [s] 0.19 0.19 0.16 0.2 0.19 0.32 0.45 0.67 0.2 0.16
99p [s] 0.24 0.53 0.26 0.43 0.44 0.72 1.48 2.30 0.58 0.26

RTT
Mean [s] 0.25 0.51 0.44 0.51 0.38 0.60 0.74 1.16 0.44 0.40
90p [s] 0.38 0.57 0.57 0.57 0.58 0.95 1.33 1.9 0.56 0.57
99p [s] 0.76 1.32 0.76 1.33 0.96 2.47 3.61 4.75 1.32 1.52

Table 16: Test case 4 SmartMesh IP statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. 4551 468b 23c3 5136 4619 5931 f1f8 5874 e95c 67c2
Received Pkts. 3144 3139 3141 3140 3147 3139 3138 3136 3137 3139
Lost Pkts. 0 0 0 0 0 0 0 0 0 0
e2e Reliability 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Avg Hop Count 1.00 1.11 1.44 1.96 1.11 1.95 2.23 2.39 1.87 2.01

Latency
Mean [s] 0.67 1.07 0.59 0.71 0.55 0.80 2.09 1.60 1.58 1.67
90p [s] 0.90 1.09 0.72 1.25 0.69 1.09 4.23 2.63 2.43 2.43
99p [s] 0.90 2.13 1.07 1.93 1.90 2.17 4.93 3.71 3.19 3.70

RTT
Mean [s] 2.04 2.63 1.21 2.32 2.13 2.75 4.59 4.65 3.24 3.24
90p [s] 2.29 2.98 1.32 3.31 3.24 4.25 6.79 6.51 4.51 4.68
99p [s] 4.25 4.49 3.25 5.09 4.79 6.49 8.59 8.50 6.45 7.35

Figure 11: The network configuration formed by MiraMesh in test case 4, the color of the edges
represents the average ETX.
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Figure 12: The six most common network configuration formed by SmartMesh IP in test case 4, the
color of the edges represents the average path quality, the width of the edges represents the number
of link using the path.
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Figure 13: Empirical cumulative density function of the latency in test case 4

0 1 2 3 4 5 6 7

0

0.2

0.4

0.6

0.8

1

(a) MiraMesh

0 1 2 3 4 5 6 7

0

0.2

0.4

0.6

0.8

1

(b) SmartMesh IP

Figure 14: Empirical cumulative density function of the RTT in test case 4
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8 Test case 5: Firmware Update

Both MiraMesh and Smart Mesh IP offer the capability to distribute and update the software running
on the motes by using the radio network. For this purpose, MiraMesh uses the ’firmware updates over
the air’ (FOTA) mechanism, whereas SmartMesh IP uses the Over-The-Air-Programming (OTAP)
mechanism. The comparative performance of these two mechanisms is the object of the investigation
performed in Test case 5. It is worth highlighting that both MiraMesh and SmartMesh IP allow
the modification or even replacement of the FOTA and OTAP mechanisms according to the specific
application’s needs.

8.1 Implementation and operation

The configuration parameters specific to first test case are reported in Table 17. Both network have
been tested in optimal scenario which did not include any other traffic in the network.

8.1.1 MiraMesh

MiraMesh provides a firmware updates over the air (FOTA) mechanism to distribute binary files to
the motes. The root node was programmed to generate a new binary file for the motes every two
hours. The file is generated as a char array with a size of 45 kB. This time gap was chosen to ensure
that an update would propagate to all motes before the next one is generated.

Once a mote completes the reception of the file from its parent, a UDP message is generated
for the GW reporting the successful termination of the FOTA process for that mote along with the
communication performance metrics reported in Table 4.

The GW computes the time required to complete the FOTA and communicates this information
along with the other metrics reported by the mote to the host application using the serial port.

The test lasted for nine update cycles.

8.1.2 SmartMesh IP

The mechanism that allows updating the firmware of motes in SmartMesh IP is the OTAP. OTAP,
like FOTA, is a slow process that does not interrupt normal mote function and network operation until
the device resets at the end of the update. An OTAP application is in charge of controlling which
motes to update. The procedure begins with a handshake exchange between the Network Manager
and the motes to be updated. The update is subsequently transmitted to the motes after being broken
into smaller chunks. After all chunks have been transmitted, the OTAP Application running on the
Network Manager takes care of re-transmitting any chunks that any of the motes have lost. Once
all the motes have received the update, the OTAP Application sends the command to commit the
firmware to flash to each of the motes.

During the test, an update was scheduled every two hours; in total, during the test, nine update
cycles were performed during 8 hours.

Table 17: Configuration for test case 5
MiraMesh Performance Rate 2 (root)/4(mesh node)

SmartMesh IP
Message Priority Medium

Requested Bandwidth 10000 ms

8.2 Results

Due to how SmartMesh IP OTAP Application operates, 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 showed more variability with update times ranging from one to
thirty minutes, as shown in Table 18. The difference in results is explained by the different strategies
used by MiraMesh and SmartMesh IP to distribute the update. While in SmartMesh IP, the update
is transmitted to all motes simultaneously, MiraMesh propagates the update one hop at a time in the
mesh network, meaning that the hops count and quality of the paths between GW and mote affect the
update time of each mote. Fig. 15 and 16 show the routing configurations adopted during the test by

17



MiraMesh and SmartMesh IP, respectively. In the figures, the color of the paths indicates the quality
of each radio link measured with MiraMesh and SmartMesh IP own metrics, that is, ETX and Path
Quality.

Table 18: Test case 5 MiraMesh statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. ca1d ef29 9dec c113 e687 fe53 5115 a71a 1d32 6c09
TX MAC 4625 4954 5046 3970 5277 5260 7141 4657 4780 4774
Fail MAC 279 165 3 0 20 90 51 17 40 130
Avg Hop Count 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00 1.00
Avg ETX 1.02 1.13 1.08 1.36 1.12 1.41 1.14 1.32 1.50 1.31
Avg Latency [s] 0.02 0.03 0.03 0.03 0.03 0.03 0.05 0.07 0.04 0.03

FOTA
Avg Latency [minutes] 12.10 11.34 10.95 10.80 8.44 11.60 8.88 16.20 7.93 6.13
min Latency [minutes] 4.11 4.59 6.15 1.18 1.98 1.27 2.22 10.04 1.58 1.14
max Latency [minutes] 22.94 23.08 19.24 29.56 14.66 22.99 14.48 22.73 14.73 13.58

Table 19: Test case 5 SmartMesh IP statistics
Motes

0 1 2 3 4 5 6 7 8 9
MAC Addr. 4551 468b 23c3 5136 4619 5931 f1f8 5874 e95c 67c2
Received Pkts. 211 199 204 199 207 213 229 231 211 222
Lost Pkts. 0 0 0 0 0 0 0 0 0 0
e2e Reliability 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Avg Hop Count 1.00 2.00 1.00 2.00 1.00 1.33 1.67 3.00 2.00 1.33
Avg Latency [s] 0.39 0.88 0.34 1.04 0.73 0.91 1.25 2.15 1.32 0.96
OTAP Avg Latency[minutes] 35 35 35 35 35 35 35 35 35 35

Figure 15: The network configuration formed by MiraMesh in test case 5, the color of the edges
represents the average ETX.
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Figure 16: The network configurations formed by SmartMesh IP in test case 5, the color of the edges
represents the average path quality, the width of the edges represents the number of link using the
path.

9 Latency and Energy Results

9.1 Latency

Fig. 17 presents a final comparison of the communication latency between the motes and gateway in
the first four test cases. When considering motes 0 to 4, MiraMesh shows a lower average latency across
all four tests. When considering motes 5 to 9, which are often separated by more than one hop from
the gateway, the latency of MiraMesh and SmartMesh IP tends to converge to similar values. The most
significant difference between the latency recorded in MiraMesh and SmartMesh IP is found in Test case
4, in which the user traffic in the network is limited to one packet by the polling mechanism. Note that
the parameter configuration (i.e., Performance Rate and Requested Bandwidth) significantly affects
the latency results. The Performance Rate of MiraMesh and the Requested Bandwidth of SmartMesh
IP have a similar role in the two solutions, that is, allowing a trade-off between energy consumption
and the interval between transmission opportunities. That is to say that changing the configuration
parameters can significantly affect the communication latency. MiraMesh and SmartMesh IP define
different parameters, which makes any direct comparison challenging. Ultimately, the results on the
communication latency do not allow for a direct comparison of the two solutions if they are not also
complemented by results on the energy consumption. For this reason, the next section presents the
results of the energy consumption of MiraMesh and SmartMesh IP during all test cases.
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(a) Average latency in Test case 1. (b) Average latency in Test case 2.

(c) Average and 90th percentile latency in Test case 3. (d) Average and 90th percentile latency in Test case 4.

Figure 17: Communication latency between motes and gateway in Test cases 1-4.

9.2 Energy Consumption

All measurements of energy consumption reported in Table 20 were conducted on the mote with ID
3 using the Otii Arc energy consumption analysis tool. The Otii Arc was configured to operate in
power supply mode. From the results, it can be observed that MiraMesh, despite showing the lower
communication latency, also achieved a lower energy consumption. The lower communication reliability
afforded by MiraMesh in test cases 1 and 3, is balanced by the better energy and latency results.

Table 20: Energy and current consumption of the SoC in Mote 3 during the tests

MiraMesh SmartMesh IP
min curr.

[mA]
avg curr.

[mA]
Max curr.

[mA]
Energy Consumption

[joules]
min curr.

[mA]
avg curr.

[mA]
Max curr.

[mA]
Energy Consumption

[joules]
Test case 1 -2.11 0.104 14.2 7.4 (over 6 hours) -12.3 0.157 15.8 11.16 (over 6 hours)
Test case 2 -1.99 0.023 13 1.66 (over 6 hours) NA NA NA NA
Test case 3 -1.97 0.014 12.9 0.994 (over 6 hour) -11.3 0.056 13.8 4.00 (over 6 hours)
Test case 41 NA NA NA NA -11.2 0.070 13.5 3.62 (over 6 hours)
Test case 5 NA NA NA NA -14.5 0.067 16.9 1.44 (over 1 FOTA/2 hours)
1 In test case 4, because of the different cycle time, the number of transmissions per device of MiraMesh and SmartMesh IP is different,

meaning that the measured energy consumption of MiraMesh adn SmartMesh IP cannot be directly compared.
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