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Abstract
This paper reports on the operating result of the telemetry system for information acquisition from a running 

competitive solar car with ELTRES based on Low Power Wide Area Network (LPWA) in the 2023 and 2024 World 

Green Challenge (WGC) competitions. Energy management in the racing solar car for PV generating power and output 

power from Li-ion battery are discussed. Moreover, according to the regulations of competition, methodology for 

providing target rally clock to all members and command target cruising speed to the cockpit driver are described.
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Fig.2 RSRP evaluation on trial drive at the course (2023 June). 

2 2023.6  
 

Table 1 Specifications of CXM150x ELTRES add-on. 
1 CXM150x  

Vendor CRESO Ltd. 
Communication freq. 923.5–928.1 MHz 
Prospect distance ~100 km 
Data length / interval 16 Byte / 1 minute 
Supply voltage 2.0 V 
Transmitter power 20 mW 
Interface UART 

Extension board Spresense extension board 
(Arduino compatible pins-layout) 

Antenna (LPWA / GNSS) IM920ANT-XL / ADA-2461 

Fig. 3 External antenna connectors and ELTRES add-on board 
on the Spresense extension board. 
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ELTRES

Android

Fig. 4 Flowchart of telemetry with driving indicator and 
measuring part to which ELTRES communication added.
4

Fig. 5 Measuring part (left), indicator (low) and ELTRES (right).
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Fig. 6 Flowchart of encoding / decoding data.
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Fig. 7 Decoding sample from hex data of 2 byte each.
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1/4 Fig. 8

Fig. 8 Distribution of lost record (over 5 minutes continuously)
for ELTRES data communication in WGC2023 Day1.

8 2023WGC 5

Fig. 9 Transferred data of ELTRES (WGC2024 Day1).
9 2024WGC

Fig. 10 Installation point of the external waterproof antenna
hidden under the CFRP canopy (WGC).
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Fig. 14 Typical simplified flowchart for energy management and 
race control.
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Fig. 16 Flowchart of the race command.
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No

Consider weather, penalties, equal lap’s 
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challenge new lap, or changing tire

Calculate consuming energy every lap [Wh]
Calculate generating photovoltaic energy [Wh]

Calculate averaged consuming energy [Wh]
Calculate averaged generating energy [Wh]

Calculate discharged ampere-hour [Ah] and 
charged ampere-hour [Ah] every lap

Calculate lap time [m:s] to [s]
Calculate averaged lap time [s]

Command target cruising speed to the cockpit

Calculate current driver’s duration time [s]
Calculate remaining driving time [s]

Calculate predetermined number of laps and drivable time [s]
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START
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to the team members
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25)

Table 2 Example on the race control for the course with speed 
limit sector and long straight. 

2  
Command Accel. function Complexity Flexibility 

Target speed [km/h] Ampere limit 
Lead angle 
Power / Eco mode 
Responses for the  
Throttle / e-Brake 
Voltage protection  
for LiB 

High Low 
Top speed [km/h] Low High 
Output [W] or [A] Medium Medium 
Cruising speed [km/h] Medium Medium 
Lap time [m:s] Low High 
Split time [m:s] High Low 
Passage clock [h:m:s] Volatile Volatile 
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