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Abstract—This paper investigates the development of a two- 
way telemetry, internet of things (IOT) communication 
system for a prototype electric vehicle. The system will be used 
to communicate with the driver and monitor electrical, 
physiological and environmental parameters of the running 
vehicle. The main function of the system is to optimize the 
functioning of the Electric Vehicle (EV) during competition 
by receiving commands from the base station to adjust the car 
with or without aid from the driver. The paper compares the 
other existing systems on the basis of technologies used.   

I. INTRODUCTION 
Telemetry is the measurement of different characteristics 
of an object or device under test (DUT) that is at a distance, 
inconvenient, or unsafe location [1]. The telemetry is  
usually used to measure objects in movement e.g. cars, 
aerial vehicles, animals etc. and it is applied in various 
scientific, engineering and industrial fields [2].  

This work will be investigating the development and 
implementation of a Radio Communication and Telemetry 
system using the IRIG-106 Pulse Code Modulation (PCM) 
protocol for an experimental Electric Vehicle (EV) for 
Cape Peninsula University of Technology (CPUT) as 
shown in Figure 1. The telemetry system will also be 
employing Telematics so device parameters can be 
monitored online, 
 
The on-board telemetry system consists of analog and 
digital sensors that will be used to monitor electrical and 
physical parameters on the vehicle and in the driver’s cabin. 
Based on the data received from the EV, analysts can 
communicate with the driver or send commands that will 
trigger an event on the vehicle. Commands sent can be an 
alarm on the EV’s human machine interface (HMI) for 
quick response to any changes. There are many programs 
where solar or electric car challenges are competed, one of 
these programs is the shell economy run. The telemetry 
systems are deployed to conduct research with these 
vehicles taking part in competitions like the Shell Global 
economy marathon [6]. Almost all of the cars running in 
these competitions use telemetry to help their cars get an 
advantage over other competitors.  
 

II. LITERATURE REVIEW 
Telemetry has become very popular in modern motorsport. 
It is used to measure and monitor over 80 sensors on the 
racing vehicles. [3]. The data being monitored on the 
vehicle range from measuring revolutions per minute 

(RPMs) of the engine, the position of the throttle, 
temperatures, fuel level and tire pressure [3,4].The 
collected data is then transmitted to central computer where 
it is used by different clients [5].  
There are many programs where solar or electric car 
challenges are competed. One of these programs is the shell 
economy run. Telemetry systems are deployed on these 
vehicles to conduct research and to monitor different 
parameters on the vehicle to optimize the vehicle’s 
performance while taking part in competitions like the 
Shell Global economy marathon [6]. Almost all of the cars 
running in these competitions use some sort of a Telemetry 
system to help their cars get an advantage over other 
competitors. The telemetry systems on these vehicles 
consist of a data acquisition or data recorder, propagation 
medium and receiving monitoring station which can be a 
chase car or mobile base station 
 
Previous studies that were investigated only use packet data  
for example WIFI, GPRS (GSM) or Bluetooth (Table I). 
The proposed system will have a combination of short 
range RF and a HSPA modem for Telematics. The  RF 
channel will be able to stream data in real-time using 
Frequency Shift Keying (FSK) modulation scheme to the 
base station and the HSPA modem will upload data online 
using Message Queue Telemetry Transport messages to a 
cloud where analysts will be able to monitor what is 
happening on the vehicle from any remote location in real 
time.  

 

Fig. 1: Electric Vehicle from PLMCC at CPUT[10] 
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Table I: Systems that were under investigation 

No. 

Comparison of existing Systems 

Proposed system 

V.Srovnal, J. 
Koziorek, B. Horak, 

G. Adam and G. 
Garani (2008).[8] 

Mitronikas, 
Safacas and 

Tsoumas 
(2007)[7] 

1 
RF and 3G/LTE 
communication 
channels 

Single WIFI 
communication 

channel  

GPRS 
communication 

channel 

2 
Mobile 

handheld 
System 

Need laptop Uses stationary 
Computer  

3 
Long and short 

Range 
communication 

Very short Range 
communication 

Long range 
communication 

4 

Streaming of 
data using 

PCM/FSK and 
using packet 

data  

WIFI transmits data 
in packets 

Uses GSM 
Packet data for 

data 
transmission 

 

III. TELEMETRY AND COMMUNICATION SYSTEM 

The proposed onboard FPGA based communication system 
and base station receiver system are shown in Fig. 2 and 
Fig. 3 respectively.  

A. Hardware Design 
The proposed telemetry system for EV is shown in Fig. 2. 
The onboard system can be divided into three parts, the 
commutator, data encoder and data communication. The 
commutator consists of an analog to digital converter 
(ADC), digital sensors to convert data into digital format. 
The FPGA is used as digital multiplexer (mux) of different 
sensors and encodes the binary converted data into line 

code. The communication medium consists of three parts, 
a real time RF link, IOT HSPA modem and voice 
communication. The 3G/LTE modem is used to upload 
data the data online and the short range RF transmission is 
done by a UHF transceiver using FSK Modulation scheme. 
Voice communication is done by an integrated codec and 
audio channel. Analog voice is digitized and encoded in 
NRZ and transmitted to the base station.  Two 
accelerometers will be used to measure the incline at which 
the vehicle is traveling and measure acceleration and 
deceleration while the EV is in motion. An 
Electrocardiogram (ECG) sensor will be used to measure 
the heart rate of the driver to make sure the driver is not 
under any stress while operating the vehicle.  
 
 
The receiving system consists of the RF front end, 
decommutator and client interface. The front end 
transceiver modules convert the FSK data (Voice and 

telemetry) to clock and data stream. The decommutator will 
be implemented on the FPGA where data in the bit stream 
will be extracted and converted to engineering units and 
back to analog voice. From there data will be transmitted to 
the tablet via Universal Serial BUS (USB) where the 
application will display the data to the operator of the 
system. The 3G/LTE modem will upload the telemetry data 
to the cloud using MQTT protocol for remote viewing.  
 
B. Firmware and data protocol 
Data from the sensors will be converted to digital format 
using the ADC and encoded to a Non-Return to zero (NRZ-
L) 32 bits are used for SYNC and 16 bit words (Table I) for 
payload, line code (Baseband). The Baseband signal is a 
binary converted Time Division Multiplexed (TDM) bit 
stream.  The protocol that will be used is a modified version 
IRIG-106 [9] that is used by the Range Commander 
Counsel (RCC). 
 

TABLE 2.  PAYLOAD OF TELEMETRY STREAM 

Fig. 3. Block diagram of Telemetry base station

Fig. 2. Block diagram of onboard Communication 
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SYNC 
Payload 

ID Data words  

32 bits 16 bits 16bits  

 

IV. SYSTEM SIMULATION AND THEORETICAL SYSTEM 
OPERATION  

The main purpose of the telemetry system is to gather 
information (record and transmit data) while the vehicle is 

 

Fig. 5: Non-Coherent FSK 256kps simulation using GNU 
Radio 

in motion. The data from the ADC will be encoded by the 
FPGA into a continuous bit stream. Synchronization words 
will be inserted into the bit stream to indicate the start of a 
new minor data frame as shown in Fig. 4. 
 

The framed data will be then encoded in unipolar NRZ-L 
format and will be sent to the transceivers asynchronously 
at a data rate of 256kbps is shown in Fig. 5.  
 
Fig. 5 also shows a simulated non-coherent FSK 
continuous phase time domain signal that will be 
transmitted from the vehicle to the base station. The 
protocol used is a modified IRIG-106 protocol for 
streaming data while an object is in-flight. Other systems 
available in literature uses only one communication 
medium using packet data for example, [7] uses WiFi and 
[8] uses GPRS for short and long range communication.  

Data, voice and command communication will be done on 
three different frequencies. By using these three different 
frequencies their expected path loss can be calculated over 
a specific distance as shown in Fig. 6.  

 

The communication system will interface to a tablet PC 
making a handheld mobile base station and no stationary 
Personal Computer (PC) or Laptop is required to download 
data.  

V. CONCLUSIONS AND DISCUSSIONS 
The system will be able to monitor physiological 
parameters on the driver, physical and Electrical 
parameters on the Electrical Vehicle (EV) while the EV is 
taking part in competition. Simulated results of the 
transceivers have shown that the Transceivers by Semtech 
is more than capable for short range RF as shown in Figure 
6. The specifications was taken from the data-sheet and free 
space loss was calculated for 915MHz, 868MHz and 
433MHz. It was found that the transceivers will have the 
capability to be used in a real time monitoring system.   The 
communication system is not only used as a data collection 
unit but will also be used to communicate with the driver 
while the vehicle is in operation. In future, the work can be 
extended by using fuel cells as another source of energy.  

 

Fig. 4 Minor and Major frame of IRIG-106 PCM [9] 
 

Fig. 6. Simulated path loss of the Transceivers 
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