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Wireless electronic telemetry system is designed for prototype electric powered agricultural vehicle.
Telemetry system is crucial for electric vehicles to monitor its data, remotely. It is important to
measure electrical parameters in real time for safe operation. Designed telemetry system consists of
hardware and software which can broadcast information by using wireless connection over serial
communication protocol. Wireless connection range is up to 3 km which is sufficient for using at
orchards. The designed data acquisition and telemetry system is based on RF modem. Graphical user
interface is also written by using C# and Visual Basic programming languages for monitoring device
features easily from groun station. Vehicle speed, voltage levels and temperature of battery packs,
drawing current, total power usage and remained battery power can be monitored by this system.
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INTRODUCTION

Telemetry is an automated communications process by which
measurements and other data are collected at remote or
inaccessible points and transmitted to receiver for monitoring
(Zhang et al., 2009). Most activities in agriculture is need to
monitor continously. Quality of the yields and health of the
crops is depends on how can you reach to available data. It has
become a major challange to control the growth of energy
consumption with the acceleration of agricultural
mechanization in Turkey, which causing the increasing
dependency on energy sources such as fossil fuels. Fossil fuels
are environmentaly polluted and expensive (Hammad 1996).
Clean and renewable energy solutions are started to use in
transporting industry (Carrol, 2003). In agriculture during last
years, farmers have passed from the use of big tractors to the
use of small and efficient vehicles. Electrical vehicles are used
in agriculture for different purposes like farms, nurseries,
greenhouses and vineyards. They are giving advantage to
farmers by their compact dimensions and efficient power usage
(Fantuzzi et al, 2006).

*Corresponding author: 'Ilker H. CELEN
Department of Biosystem Engineering, Faculty of Agriculture, Namik
Kemal University

Electric vehicles are using electric batteries as an energy
source. For safe operation and effective usage of the batteries it
is important to monitor the voltage, current, vehicle speed and
the battery capacity (Lobardi et al, 2006; Touti et al, 2009;
Zhihong et al, 2009).

Material and methods

This system is designed for using in agricultural vehicles. It is
communicating via serial communication protocol. Purpose of
the system is making data transfer between the remote station
and vehicle. Measured data by the data-acquisition system are
sending to remote station in real time. Graphical user interface
at remote station is making mathematical calculations on data
for determining the current, voltage, cruise speed, temperature
of the battery bank, remained battery power, consumed energy.
These results are saving into a database (Figure 1). After
transfering the data which is measured by the electrical system
on the vehicle, this data is transferred to the remote station for
making safety and drive strategy calculations. Motor power,
instantaneous current draw, battery voltage, power usage per
unit, current draw per unit, remaining battery power, max. and
min. battery temperature, max. and mean cruise speed can
transferred to the remote station (Figure 2).
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Circuit Design

Schematic draws, creating PCB (printed circuit board) and
analysis of this circuit is done by using Proteus 8.1 circuit
design software. Serial communication is accomplished by
MAX232 integrated circuit and microprocessor on the main
board. RF modem transmitter and an antenna are installed in
the vehicle for transmitting the serial data. Schematic draw of
the circuit can be seen at the Figure 3.

-

Communication protocols

Serial port protocols were used in the telemetry system. Serial
communication is one the methods for electronic
communication systems. It is also known as UART
communication (Stone, 1999). UART is chip type which is
using at serial port connections. Serial port communcation is
done by 8 bit. For example letter can represent as
01000001 in 8 bit system.
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Figure 1. Telemetry system diagram
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Figure 2. Telemetry system graphical user interface
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Figure 3. Serial communication circuit
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Baud Rate: Amount of bit that serial port can write in a

PROCESS
second. For example we can calculate the speed of writing 12
character with a 9600 bps (bit per second) serial port : 12 x 8 = i b
. ﬁ M
96 bit, 96/9600 = 0.01 second. THREAD 1 THREAD 2
Stop Bits: In serial communications one stopping bit is added
DATA RECORD

at the end of every byte of information. This tells the recevier A ——

device that the byte is ended and become synchronized again. SR
Parity: Parity bits are used for detection the faults.
Production \ )
. ’

Telemetry system is consist of software and hardware parts.

Hardware part is explained at the circuit design section. Figure 4. Multi-thread program
Software part is programmed at the Microsoft Visual Studio
2013 by using C# and Visual Basic programming languages.
Algorithm of the telemetry system is programmed with Multi-
Threading method. Purpose of the using this method is
improving the system performance and avoid possible program  RESULTS

crashes. Speed of the program execution increases very much,

especially at the multicore processor pc’s. At the multi-  Graphical user interface is designed as follow. This interface is

threaded programs, when an exception is happened just the designed for easy to use by the end users (Figure 6).
related thread is stopped instead of all the program (Figure 4).

Threads are the independent parts of the whole program.
Algorithm of the telemetry software is showned below (Figure
5)

Private Sub Hessp)

On Error Resums Mest
Matorfucuy = y_batarys ® y_motor
Tep Pamel Akis = y spptl + y_spptd » ¥ epptl
Bataryadan_Cekllen Metdkis - y mater - Top Pemel Akis
Marcansn_dsperSast = Harcanan_AsperSesat + {([Batarysdan_Cekilen Wetikis + Eskl_Batarysdan_Cekilen Wetakim) / 2} / AyrikZssan
Hercanan_WattSaat = Herconen WattSest + [(Boteryaden_Cekilen NetAkis + Eski_Boterysdan_Cekilen_Metakim) / 2) * y_batorys / Ayrikissan
Hator AsperSaat = Moter AsperSast + [y sobor + Eskl Mobor Skis) f 2) F AyrikZasan
Motor_WattSast = Motor_WattSaat + ((Eski_Motor_Gucw + MotorGacu) S 2) £ dyrikZssan
Panel Amperiant = Panel Asperjast + ((Edki Panel Akis &+ Top Panel Akis) [/ I) / Ayriklssan
Panel _HattSast = Panel WattSaat + ((Eski_Panel Gucu + Top_Pamel_Gucu) £ 2) F AyrikIamsn
Tar_Basi_wattSaat = Tur_Basi_wWattSeat + [(Dotsryoden_Cekilen_Metakim + [ski_Datarysdsn_tCekilen_Metakim) f 2) ® y_batarys ¢ Ayrikissam
Kalsn Hattisst = 1884 - Hercanas WattSaat
Marcansn_Twr8asi_ssperSaat = Marcanan_TurBasi ssperSaat + ((Batarysdam_Cekilen_Netikim + Eski_Batarysdan_Cekclilen Metakim) £ 25 F syrikZamsn
Ortalama_Kalan_TurBasi_Wotthasat = Kalan_Wattiaat [ (i - twr)
PLl Verileri A = y motor - Panel AsperSaat
Menzil = Memzil # y_hiz / AyrikZssan
Batarys Watt = y batarys ® PEl Verilerd A
Man_Slcaklik Bul()
Ma_Hiz_Buli)
Ot _Hikz_Bul()
End Sub

Figure 5. Telemetry software
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Figure 6. Graphical user interface



38718

Eray ONLER et al. Development of telemetry system for electric powered vehicle

| A B C D E F G H I ]
1 vl V2 V3 Va4 V5 Vo6 V7 V8 V9 V10 d
2 | 0 0 0 0 0 0 0 0 o 3615
T | 3615 3616 3616 3nls 36l6 3616 3ole 3nle 3618 3615
4 3615 3616 3616 3618 3616 3616 3616 3616 3618 3613
5 | 3615 3616 3616 3nls 3al6 3616 3nle 3anle 3616 3613
6 | 3615 3616 3616 3618 3616 3616 3616 3616 3618 3615
7| 3615 3616 3616 3618 3616 3616 3616 3616 3616 3613
g 3615 3616 3616 3618 3616 3616 3616 3616 3618 3613
o | 3615 3616 3616 3618 3616 3616 3616 3616 3616 3613
10 | 3615 3616 3616 3618 3616 3616 3616 3616 3618 3613
i1 3615 3616 3616 3618 3616 3616 3616 3616 3618 3613
12 | 3615 3616 3616 3618 3616 3616 3616 3616 3618 3613
13 3615 3616 3616 3618 3616 3616 3616 3616 3618 3615
| A B 2 D E F

i HE .Geﬂhn1 lAk"ﬂ .Durun1 . 'Saat

2 . 0 ] 0 ] 14:18:05

3 ] 1] 0 ] 14:18:00

4 . 0 ] 0 ] 14:18:07

3 0 1] 0 ] 14:18:08

4] . 0 o 0 ] 14:18:09

7 0 ] 0 ] 14:18:09

g . 0 ] 0 0 14:18:10

o] 0 1] 0 ] 14:18:11

10 . 19 ] 0 ] 14:18:12

11 6 ] 0 ] 14:18:13

12 0 ] 0 ] 14:18:13

3 6 1] 0 ] 14:18:14

14 | 0 ] 0 ] 14:18:15

15 25 ] 0 ] 14:18:16

16 | i o 0 ] 14:19:21

17 0 1] 0 ] 14:19:21

1 | 0 1] 0 ] 14:19:22

19 0 1] 0 ] 14:19:23

20 | 13 ] 0 ] 14:19:24

21 13 ] 0 ] 14:19:24

22 . 19 ] 0 ] 14:19:25

3 50 ] 0 ] 14:19:26

24 32 ] 0 ] 14:19:27

Figure 7. System Records telometri

User can follow the most important parameters of the electric
vehicle. It is also possible to record this informations into excel
files. Some measurements which are recorded by the system to
an excel file is showed below. As shown in the Figure 7 it is
possible to inspect voltage of all battery packs, speed of the
vehicle, current draw, battery usage.

Conclusion

In agriculture during last years, farmers have passed from the
use of big tractors to the use of small and efficient vehicles.
Electrical vehicles are used in agriculture for different
purposes like farms, nurseries, greenhouses and vineyards.

They are giving advantage to farmers by their compact
dimensions and efficient power usage. Electric vehicles are
using electric batteries as an energy source. For safe operation
and effective usage of the batteries it is important to monitor
the voltage, current, vehicle speed and the battery capacity.
Wireless electronic telemetry system is designed for prototype
electric powered agricultural vehicle. Telemetry system is
crucial for electric vehicles to monitor its data, remotely. It is
important to measure electrical parameters in real time for safe
operation. Designed telemetry system consists of hardware and
software which can broadcast information by using wireless
connection over serial communication protocol. Wireless
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connection range is up to 3 km which is sufficient for using at
orchards.
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