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Research Topic, Questions, and

Engineering Goals
SILENT-MESH is the development and
deployment of low-power mesh
communication with the capacity to
maintain connectivity in degraded
environments without centralized
infrastructure. 
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Rationale:
Communication systems of today are constructed using
centralized frameworks such as cell towers, routers, base
stations, and satellites. When these features become
compromised, the entirety of the network fails, leading to
limited situational awareness and often mission failure.

Decentralized adaptive mesh topology establishes a system
where nodes relay packets of data, facilitating
communication during node failure while simultaneously
eliminating direct line-of-sight communication.

Engineering question:
Can a decentralized mesh communication system
constructed with low-power components
maintain accurate and efficient packet
transmission at different distances and
environmental conditions?

Hypothesis 1: If SILENT-MESH operates on the UHF-ISM band then, it
will function in lieu of direct line of sight (LoS) communication.

Hypothesis 2: If the distance between the SMN nodes increases, then
the signal strength and connectivity ratio will decrease.

hypothesis 3: If the compound stressors between the SMN nodes
increase, then the signal strength and connectivity ratio will
decrease.

hypothesis 4: If an SMN node becomes inoperative, then the
implemented adaptive mesh routing will relay packets through
other nodes.
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An adapive decentralized mesh
communication network created
utilizing 3 portable nodes

each node in SILENT-MESH is
configured using a ESP32
microcontroller, 915 MHz
LoRa transceiver, GPS
positioning module, and user
interface 

SILENT-MESH uses multihop mesh typology
where each node acts as a transmitter
and a receiver to eliminate foreign
interference and prevent packet loss

Independent Variables:
Node distance
environmental conditions (e.g clear weather, snow,
rain)
Physical environment (E.g clear open field, urban
area)
Node elvevation
typology
Node amount

Dependent variables:
Packet Ratio (PDR)
End-to-end delay
Received Signal Strength
Indicator
Network latency
Packet loss

Controlled Variables:
Transmission power
hardware
radio freqency band
Packet size
testing duration
battery power
antenna orientaion

> -50 dBM -50 to -60 dBM -60 to -70 dBM < -70 dBM
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Variables



Experimental Design

SILENT-MESH’s nodes were deyployed  at
varing diatances spaning 3 meters and 3
miles to depict real communcation
envroments

Multiple packets were sent to nodes in the
network during:

Multihop routing
partial node failure
direct communcation

After  a successful transmission,the
node continuously logged:

Signal strength
sucessfuly transmissed packets 

Data Collection:
Recicved signal strength values per
packet transmission
SILENT-MESH’s nodes self healing under
failure
Sucessful packets per transmission

Distress
momentary

button

SILENT-MESH Interface
navigators

User
Interface

915 MHz
antenna

Morse code
momentary

button



Distance (m) Packets
Sent

Packets
Received

PDR (%)

10 100 100 100%

50 100 96 96%

100 100 90 90%

200 100 78 78%

300 100 60 60%

Empirical Observations

Signal strength between
trials showed consistent
attnuation in relation to
range

Utillization of multihop
routing extended the
range of effective
communcation

Packet delivery gradually
decreased as distance
between nodes increased Transmission during

optimal conditions:



Empirical Observations

(Continued)

Multi-hop routing successfully
transmitted packets to distant
nodes.

SILENT-MESH remained functional
under node failure

The network maintained
communication surpassing single
node range.

Redundant routing improved
overall packet continuity in the
network.



Data Interpretation &

Synthesis

RSSI = -0.148(Distance) −
52.35

R = −0.976
p = 5.76 × 10⁻¹⁰

Near distance <100m
Far distance >100m

T= 6.37
P= 2.47 x 10⁻⁵

After calculating the PDR and RSSI values between the trials, it was observed
that:

PDR and RSSI values have constant attenuation as the range increases.
PDR gradually decreased as range increased.
Multihop routing extended the range of transmission.
Despite the attenuation, SILNET-MESH consistently maintained
communication across the topology.

By conducting a T-test, chi-squared test, and regression analysis between the
values yielded from the trials, it was revealed that:

Near and far distance RSSI values showed a statistically significant
difference between the two distances.
A chi-square test portrayed a perfect positive relationship between
distance and packet transmission.
By analyzing linear regression, a strong inverse relationship between RSSI
and distance of packet transmission was discovered 



Statistical Anaylisis &

field application

The trial results indicate that the utilization of a
decentralized mesh communication architecture improves
and maintains continuity in degraded environments.

The system performance aligns with my
hypotheses regarding latency, packet
transmission, and robustness.

Multihop routing implemented in the
communication protocol facilitates fast
transmission.



Statistical Anaylisis & field application

(Continued)

Future Improvemts:
Improving end to end
encryption and
network security
Node amount
PCB miniaturization
Software
optimization
Hardware
optimaztion

Field Application: 
Emergency
response 
Amateur Radio 
Search and
rescue 
tactical
operations
Field reporting 
Network science 
Remote
communication
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