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[Abstract]

Currently, there is a need to develop a monitoring transceiver terminal that provides an environment
for applying and testing algorithms capable of predicting and inferring the expected movement paths
and operation times of various moving objects. In this study, a GNSS-based RTLS/IoT location tracking

and monitoring terminal was developed by applying a GNSS-INS integrated module to

combining GNSS data with inertial sensing and velocity/heading sensor information to

the hardware,

deliver precise

positioning for vehicles and objects. Utilizing this system enables the development and optimization of

algorithms for detecting optimal movement paths, ensuring stable management of moving objects, and
handling large volumes of logistics within limited timeframes while enhancing algorithm scalability.

Furthermore, the developed terminal can be widely utilized in intelligent mobility applications such as

autonomous vehicles, unmanned shuttle buses, taxis (e.g., Uber), and freight transport,

as well as in

unmanned patrol and exploration vehicles for hazardous areas to ensure human safety. It is also

applicable in everyday domains such as unmanned indoor and outdoor cleaning systems.

» Key words: Autonomous vehicles, intelligent vehicle monitoring, movement path tracking, GNSS,
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II. Preliminaries

1. Overview of GNSS
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Fig. 1. Concept of Positioning with a GNSS Receiver
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Fig. 2. Conceptual Information Flow for In—Car
Navigation Systems
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2. Application of Sensor Fusion Algorithms
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III. RTLS/IoT Monitoring Terminal for
Movement Path Tracking

1. Design of an RTLS/IoT Monitoring Terminal
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2. Design of a Vehicle Location Tracking System
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3. Development of an RTLS/IoT Monitoring
Terminal

3.1 Firmware Source Design
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3.2 MMI - Addition of Serial Log Reception and
Mass Production Test Functions
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3.3 RTLS/IoT Terminal Bootloader Workflow Diagram

H/W Init
(WIFI, UART2, 12C, Etc

A 4 r -
Copy F/W from Nor Flash
Power Management:

to SDRAM
~ Monitoring ACC Power Pin,

If acc poweris down during 3
seconds, enter SNVS Mode

Boot F/W

Fig. 3. Bootloader Workflow Diagram
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4. RTLS/IoT Terminal Task Execution

4.1 RTLS/IoT Terminal Device Initialization Sequence
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Fig. 4. Device Initialization Sequence

4.2 RTLS/IoT Terminal Task Execution Sequence

[ Power Checker Task Start ]

[ 6LED Indicator Task start ]

AN Lib. Init  PLC Lib. it
L Init Environment J" MQT Lib., Hitp Lib Init

[ WiFi Connection Start, WiFi Status Checker

]

]_. Connest WiFi i !

[ MQTT/HTTP Client Task Start |
]
L CAN Receiver Task Start J
]
[ PLC Receiver Task Start ] (Optional: Vehicle Intesface based)

| Heading Info Receiver Task Start ]

!

[ A1 Data handler | (Ontions;venicie merace basec)
]
[ DI Data handler ] (Optional: Vehicle Interface based)
l Ethernet Data Receiver
]
[ Location(GPS) Receiver Task Start J
]
[ G memory Enable ]

]

Data Send Manager Start ]

Fig. 5. Task Execution Sequence
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4.3 RTLS/IoT Terminal Data Collection and
Transmission
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Fig. 6. Data Acquisition and Transmission Design
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4.4 RTLS/IoT Terminal Shared Memory

Data Gathering Interval —4|
Data Gathering Task
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Fix Mode
IMU --I Heading Info receiver
Heading
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Analog i Alhandler Engine workingtime,
Digital |-{~]i Dlhandler | NBRE WO e e
Device e Englne oil pressure

Engine temperture
Brake pedal depressed
Seat beit

Ethernet ||~

Callbration status

Fig. 7. Shared Memory Architecture Design
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4.5 RTLS/IoT Terminal Device Status Indication
Using LEDs
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Fig. 8. Device Status Indication Diagram Using LED
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5. RTLS/IoT Monitoring Terminal Fabrication
and Assembly Completion
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Fig. 10. External View of RTLS/loT Monitoring Terminal
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IV. RTLS/IoT Monitoring Terminal
Testing

1. Test Environment for Vehicle Data
Collection via CAN
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2. Test Sequence

L E ¢
-
—
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High«' CAN__I Line¢

Low«
CAN Device.

Fig. 11. Test Sequence for RTLS/loT Monitoring Device
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Table. 1. Data Table Received According to Test Items
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Reverse)
18FEE500 E”g'”tei::rk'”g 23 14.00 00 BA 35 00 00
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4. Test Results
oF 5A17H9] MMI £ &8} 47435t CAN 29
J9F Mujo] A= 27]A fo|H &

glole] =
slisto] 2 At

100% s TEEAIZCE 1 HojH+=
2t}

2 Fig. 129}

TCO1 (Forward / Reverse)~

00

Sever Side Log : DIRE = F+

Engine working time<

Fig. 12. Test Results Data of RTLS/loT Monitoring Device

V. Conclusions
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