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cInit Presentation Outline /UNPVAA

* Introduction

 Problem Statement & Baseline Data Model

» Research Objectives

* Proposed Solution

« System Architecture & Experimental Testbed
 Results (Payload, Performance, FOM)

» Monitoring Dashboard & Cost Impact

* Astrocast Live Validation & Setup

e Conclusion & Future Work

Structure follows the scientific method: problem — objectives — methodology — results — conclusions. 5



...__»,\,-Ll L-_;C_ =
SR / UNIVERSITA

CInit Introduction

 loT and M2M systems are expanding rapidly, connecting billions of devices.
« JSON widely used, but it is verbose and inefficient for constrained devices and networks.
* TN (4G/5G/WIFi): limited coverage in maritime environments.

 NTN (Satellite IoT): strict <160 bytes cap, high latency, high cost/byte.
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cnt Problem Statement / brpisA

- Typical payload for a container tracking device uses raw JSON
(~400 bytes). 400}

418

e [oT MCU based devices are resource constrained. 3507
* TN (4G/5G/WIiFi): the payload and protocols fits fine.
* NTN (Satellite IoT): strict <160 bytes payload limit, high

= Astrocast Limit (160 B)

Payload Size (Bytes)

latency, per-byte costs.
« Mobius oneM2M platform must handle scalability under 100

constrained device and NTN network conditions.

JSON

« Gap: No systematic evaluation of binary serialization under

JSON exceeds NTN capacity by ~2.6x

combined device + TN/NTN + scalability constraints.



chnit The Data Model (Baseline Payload) /U

« Baseline JSON payload with 20 key-value pairs. {
» Total size = 418 bytes.
* Exceeds NTN cap of <160 bytes.

» Derived from prior (ESA funded) projects on
maritime loT deployments.

 Serves as reference for binary serialization
evaluation.

""container_id": ""LMCU312837",
"time': "'200423 002940.0",
"temperature': 17.0,
"humidity': 71.0,

"latitude': 31.8682,

"longitude'': 28.7412,



CILt Research Objectives

 Reduce payload size with binary serialization.
» Respect loT MCU constraints (Flash, RAM, CPU).

(payload reduction)

(loT MCU constraints)
* Ensure NTN feasibility, meeting <160 bytes cap, and TN (NTN feasibility)

Interworking. (scalability tests)

- Validate system scalability under simulated load. (protocol selection)

« |dentify the optimal protocol using performance benchmarks +

Figure of Merit.

~Nowelty: | o | Bibliography:
« First holistic evaluation of binary serialization across device, « Builds on (ESA funded) maritime IoT projects (5G SENSOR
network, and server scalability constraints. @SEA).

» Extends prior (ESA funded) maritime loT work by adding protocol - Performance parameters referenced from peer-reviewed studies,
comparisons, cost impact, and scalability testing. academic theses, and official vendor datasheets.



chiit Proposed Solution D

 Replace JSON with binary serialization.

 Four candidates identified from prior research + literature:
« CBOR / MessagePack — lightweight, schema-less, widely supported.
« Struct+zlib — most compact, but rigid structure.
* Protobuf — schema-driven, compact, scalable.

» Selection criteria: 10T MCU feasibility.

« All have mature open-source libraries (nanopb, msgpack-lite, cbor2, zlib).

 Evaluation: payload size, scalability, cost impact, FoM.

(Note: Detailed payload size results will be shown in the Results section)
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cinit Conceptual Architecture

* Four logical layers: 10T Device, Network,
oneM2M

Server, Application. m
(Monitoring

* 10T Device : IoT MCU performs on-device Dashboard)

_ loT MCU
compression.
o G Decompression
+ Network: TN (LTE/5G/WiFi) or NTN %, ) Servce
: Y%, TN (LTE/SG/wifi
(Satellite). " oR
» Server: VM with Decompression and Il (%gl'te)
X

M2M platform.
* Application: Monitoring Dashboard.



cinuit Mabius (oneM2M Platform) | UNvERSITA

A Mobius Platform:
A Open-source oneM2M implementation.
A Used as the application layer in this research.
A Manages loT data storage, subscriptions, and retrieval via
REST APIs.

10
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cInit Experimental Testbed oo

- - [ —
- Deployed on VM (8 cores, 8 GB) with Dockerized

Network Transmission

Se I’Vi ces. TN (Terrestrial) '

LTE /-5G / WiFI
Standard Network

NT (Non-Terrestrial)

Satellite
Space Network

|
Transmit Compressed Message

» Decoder service reconstructs payloads before

passing to Mobius. moememnce e Yo E

Virtual Machine (VM)

» Simulated load with Locust (100-2000 users). Decompression Service

I
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« Measured: RPS, latency, failures.

(oneM2M Platform)

 Custom Dashboard implemented for real-time

Custom Dashboard

monitoring.
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chnit Results: Payload Size Comparison /UNPVAA

» Baseline JSON: 418 bytes (infeasible for B s
NTN). .
« CBOR / MessagePack: ~300 bytes (~28% ’.7,350_ o wls
& 200l
reduction, TN-viable only). :
o Struct+zlib: 127 bytes (~70% reduction, -§250_
NTN-feasible). j:j ______________________ ..., D
» Protobuf: 138 bytes (~67% reduction, NTN- “100_
feasible). 50}
« Takeaway: Only Struct+Zlib and Protobuf T GBOR | MessagePack — Structszl — Protobuf

fit under the 160 bytes NTN cap. .



chiit Results: Single-Instance Performance /UPAA

* Load tested with 100 — 2000 00 pobol
- MessagePack
concurrent users. ¥ G
400
» Throughput: peaked at ~400-500 _
RPS. -
% 300
» Failures: appeared at 2000 users
("‘2.5%, 504 errors). %200
» Observation: Single instance cannot
100

sustain large-scale workloads.

100 300 500 1000 2000
Number of Concurrent Users
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cinit Results: Four-Instances Performance /UNP"AA

 |_oad tested: 2000 concurrent Users.

* Throughput: ~712 RPS.

« Failures: dropped from ~2.5% (1 instance) — 0% (4 instances).

 Latency (p95): improved from ~9 s (1 instance) — ~1.1 s (4 instances).

» Observation: Four instances handle fleet-scale 10T workload without failures.

 Protocols tested: Struct+zlib and Protobuf (NTN-feasible). N Gl

Technique Server Avg. Response 95th Pctl
Instances (ms) (ms)
Struct + Zlib 1 495.51  1852.69 8900.00 2.46%
4 711.66 701.35 1123.75 0.00%
Protocol 1 491.86 1862.61 9866.67 2.91%
Buffers

4 711.96 705.74 1096.25 0.00%

15



cinit
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2000 Users: Throughput (RPS) — 1 vs 4 Instances

711.96

711.66
- I Struct+zlib

B Protobuf

49551 491.86

1 Instance

4 Instances
Server Instances

Failures at 2000 users: 1 instance =2.5%: 4 instances 0%

Latency (ms)

Results: Four-Instances Performance

2000 Users: 95th Percentile Latency (ms) — 1 vs 4 Instances
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Server Instances

95th pct latency improves ~9s - ~1.1s; Failures drop to 0% at 4 instances
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CILt Results: Figure of Merit (FoM)

ATo identify the optimal payload technique
y P Pay qrie _ Throughput (RPS) x Success Rate

we defined a quantitative Figure of Merit FoM = < Response Time (5)
(FOM):
AWhy this metric? 600 .

ABalances scalability (throughput), conl
AReliability (success rate),
AResponsiveness (latency).

A At 2000 users, 4 instances:
A Struct+zlib — FoM = 633.3
AProtobuf — FoM = 649.5 100y

A Both protocols perform well under high load.

FOM Score

Struct+zlib Protobuf
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CILt Monitoring Dashboard

« Custom Maritime Container Dashboard implemented.

* Tracks system statistics:
» Total Records: Number of container data packets successfully received.
« Unique Containers: Distinct maritime containers transmitting data.
» Success Rate: % of payloads delivered to Mobius.

» Avg Compression: Average size reduction.
 Real-time status indicators:

* “Sent” — payload delivered successfully to Mobius.
 “Pending” — waiting or Mobius unavailable.
« Supports container-level detail view (20 key-value fields per payload).

« Validates that payload optimization works in practice. 18



chnit Monitoring Dashboard: Visual e UNIvERsITA

Total Containers Queue Length

Maritime Container Dashboard 402 0

Refresh Auto Refresh: OFF Search container ID...

System Statistics Container Activity (402 containers in last 2 hours)

@ cContainer Count

3943 402

Total Records Unique Containers

100% 2.86x

Success Rate Avg Compression

Number of Containers

Recent Containers

N
Container ID Location Temperature Battery Status Last Update Actions |
LMCU0615864 32.1000, 28.7700 22.6°C 86%  Sent 14/09/2025, 20:35:24

19



CINLLE Cost Impact: 10k devices @ rhsgsday i@ Universma
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 Cost scales linearly with bytes — our optimization cuts payload size by ~67—70%.
 NTN (Astrocast): JSON is not feasible (418 Bytes > 160 Bytes) cap Struct+zlib/Protobuf fit.
* TN (4G/5G/Wi-Fi): Cost per MB small, but smaller payloads = lower airtime — lower

energy consumption.

10 k Devices — 4 Transmissions / Day — Illustrative Monthly Cost (Updated Rates)

Protocol Payload Size  Fleet / Month TN Cost @  Fleet / Month NTN Cost @

(B) (MB) €0.02/ MB (KB) €0.183 / KB

JSON 418 478.4 € 9.57 489,844 € 89,641.45
Protobuf 138 157.9 €3.16 161,719 € 29,594.58

Struct + zlib 127 145.3 €291 148,828 € 27,235.52

20
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cInit Astrocast Live Validation L ff;/gygg:m

. -
134%

 Binary payloads transmitted via Astrocast Dev
Kit firmware.

« Payloads successfully received on Astrocast
Portal (Text, HEX, Base64).

 Forwarded to Decoder on VM, deserialized to
JSON.

» Data ingested into Mobius oneM2M platform
end-to-end.

« Confirms sub-160 bytes feasibility on real SatloT

Infrastructure.

21
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cnut Conclusion B g

« JSON (418 bytes) — inefficient for NTN (limit 160 bytes).

 Evaluated 4 binary serialization protocols.

o Struct+zlib (127 bytes) and Protobuf (138 bytes) — NTN-feasible.

» Scaled system to 2000 users, 4 instances — ~712 RPS, 0% failures.

* FOM analysis: Protobuf = optimal hybrid TN/NTN solution.

 End-to-end validation with real-time dashboard monitoring.
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CIn [i lt Future Wor k :b, g:xrlg\lfs}s jSITA

 Device-side validation: implement Struct+zlib and

Protobuf serialization directly on loT MCU hardware.
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X9 Future |

device — satellite — Mobius.

Large-scale

loTMCU  NTN deployment
optimization *+ Astrocast (6G NTN)

« 6G NTN integration: explore emerging non-terrestrial proven live tests

«Astrocast end-to-end test: validate full data flow from @

» Scalability: extend load testing beyond 2000 devices. Payload

networks (i.e. Starlink D2C LEO constellations, 6G NTN).
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