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Abstract: The article is devoted to improving the control and algorithm for Autonomous moving systems. The
function of the controller is to provide communication between the control computer and the actuator. The ATmega2560
microcontroller is selected as the main processor. The electrical diagram of additional devices of the microcontroller is
formed. Printed circuit boards consisting of separate blocks are made on the basis of the electrical circuit. To exchange
information with external systems and process the received data, a special algorithm for the microcontroller has been
created. The microcontroller is programmed based on this algorithm. The analysis of the functioning of the management
system is performed, conclusions and recommendations are given.

Keywords: Autonomous-moving systems, Microcontroller, Electrical circuit, Printed circuit board(PCB), Input
channels, Analog output blocks, Digital output blocks, Pulse wide modulation (PWM), Serial port, RS-232, Control
algorithm.

Annomayusn: AemoHoMm Xapakamiamyeuu MUUMIAP YYYH  OOWKApUUL  KYPUIMACU 84  AI2OPUMMUHU
maxkomMuiaumupuwl Kypub uuxurean. bowkapuw xypuimacunune easughacu OOWKapysuu KomMnvlomep Xamod UniCpo
Mexanusmaapu ypmacuoazu 6o2nanumny  mavmuniauoarn ubopam. Acocuii npoyeccop cugpamuoa ATmega 2560
MUKPOKOHMpOJLIEpY — manianean. Mukpokonmponnepea —Kyuwumua —KypUiMAalapHuHe — YIauHuul — 91eKmp — cXemacu
WAKUIIAHMUPUL2AH. DAEKMP CXeMACU acocuod aroxuoa-aioxuoa oIoknapoan mapkubd monean 60CmMa NAAManap siCaieam.
Tawxu muszumnap 6uran axoopom aiMAWUHUW 84 KAOYN KUIUHSAH axXOOpOMIApHU Kauma uwiaul Maxkcaouod
MUKDOKOHMPOJLIEP VUYH MAXCYC aNeOpumm apamuincan. MuKpokouwmpoanep wily aneopumm acocuod OAcmypiaHeaH.
Bowxapuu musuMuHUHS UWLAWL JHCAPAEHU MAXIUL KUTUHUO, XYI0CA 84 MABCUSLAD DEPUNIAH.

Tasanu cyznap: agmoHom XapakamiaHysuu musumiap, MUKPOKOHMPOJIED, dJleKmp cxemd, 6ocma niama, Kupuul
KaHaniapu, ananoe yuxui 6noknapu, pakamiy yukuw 610kiapu, kenanueu yseapysuan nyavc (KYIT) mooynayuscu, kemma-
xem nopm, RS-232, bowkapuw ancopummu.

Annomayusn: Paboma noceswena yuyuuieHulo YnpagieHus U aneopumma O A6MOHOMHBIX OGUIICYUUXCS
cucmem. DYHKYUs KOHMPOLIEPA 3aKIOUAemcs 6 o0becnedenuu Ces3u Mexcoy YNpasisiouum KOMAbIOMEPOM U
UCNOTHUMENbHLIM  MeXanusmom. B kawecmse ocnosnozo npoyeccopa eviopan muxpoxkoumpoinep ATmega 2560.
Cohopmuposana snexmpureckas cxema OONOJHUMENbHBIX YCMPOUCME Mukpokoumposiepa. Ha ocnose snexmpuueckoil
CcXembl U320MOGNIeHbL Nedamuble Niaml, COCMOAWUe U3 0MOeibHbIX 010K08. Jlisi obmena ungopmayuel ¢ 6HeuHUMU
cucmemamu U 0OpAOOMKU  NONYYEHHLIX OAHHLIX CO30aH CHEYUANbHbLL —al2opumm Ol MUKDOKOHMPOJIepd.
MukpoxoHmpouiep 3anpoepammuposan Ha 0CHOGe 2M020 al2opumma. Benonanen ananus @yHkyuonuposanus cucmemol
ynpaeneHusi, 0aHa 8b1800blL U PeKOMEHOAYUU.

Knrouesvte cnosa: Asmornomno - osusicywguxcs cucmema, Muxkpoxonmpoinnep, Onexkmpuueckas cxema, Ilevamuas
nrama (I1I1), Bxoowvle kananvi, Bnoxu ananocosoco evixoda, broxu wyughposozo evixoda, Illupomuo-umnyibcHas
mooynayusa (LLIUM), [locredosamenvrviii nopm, RS-232, Aneopumm ynpagnerus.
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Introduction. Nowadays, most processes are automated but almost all processes require direct
human involvement. The main manager of any complex equipment and vehicles is a human. A person
must work as much time with this system as how much time a technical system works. It may not be
so difficult in mild conditions, but managing various technical systems in mines, oil production and in
such difficult conditions can be a problem for people. Therefore, the world's leading institutes and
research centers conduct various researches on the creation of autonomous - moving systems.

The class of autonomous controlled systems includes all means that can be moved
independently based on specific intelligent programs without human intervention. Research on the
development of autonomous controlled systems began in the 1980s. The objects of research in this area
were cars, trucks, agricultural machinery, vehicles for the military industry, autonomous-moving
vehicles in stores and warehouses [1]. The world's largest companies are engaged in the production of
unmanned cars. In particular, General Motors, Ford, Cadillac, Mercedes Benz, Volkswagen, Audi,
BMW, Toyota and a number of companies from China, France and the UK are conducting intensive
research and investing more in this field. The main problems in this research field are fast measuring
instruments, high-precision actuators and complex control systems. Autonomously - moving control
systems are mainly uses for the following purposes:

- Transportation of goods in dangerous conditions, delivery of essential goods during natural
disasters;

- Processing cultivated area in agricultural field,;

- Releasing people from driving vehicles on a certain path;

- Decreasing the cost of production processes

- Optimal using of vehicles and etc.

This work will be dedicated to improving the control systems of autonomous - moving systems.

Degree of knowledge of the problem. Although automatic control systems are implemented in
some traffic control tasks, the problem of full control is still unresolved. There are several software and
technical factors:

Firstly, low measurement accuracy: satellite measurement systems make certain errors
depending on the location of the object. Tall buildings, trees, high voltage power lines often interfere
with measurements.

Secondly, the measurement speed is insufficient: data from the satellite system does not always
arrive smoothly, so it may take some time to process them. On objects moving at high speed, even a
short delay time can significantly affect the measurement system.

Thirdly, the lack of a universal management program: Scientists working in this field are trying
to keep their programs as secret as possible, using algorithms that anyone can imagine. This leads to
the absence of generally accepted standard methods and calculation algorithms.

Fourth, the high demand for enforcement mechanisms: When turning a technical vehicle in one
direction to another, it is necessary to ensure "smooth movement”. How smoothly the direction of
movement of the car changes, it takes so much time to fix the control error.

Based on the foregoing, it is advisable to use simple systems, taking into account delays in the
design and measurements.

Hardware part of the control devise. The control devise is consists of two parts: hardware
and software. The hardware parts includes main processor, digital input-output blocks, analog input-
output blocks, power supply and step motor driver.

As a main processor used Atmega2560. The ATmega2560 is a low-power CMOS 8-bit
microcontroller based on the AVR enhanced RISC architecture. By executing powerful instructions in
a single clock cycle, the ATmega2560 achieves throughputs approaching 1 MIPS per MHz allowing
the system designer to optimize power consumption versus processing speed.

The AVR core combines a rich instruction set with 32 general purpose working registers. All
the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting architecture
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is more code efficient while achieving throughputs up to ten times faster than conventional CISC
microcontrollers[2] Fig.1.

The ATmega2560 provides the following features: 256K bytes of In-System Programmable
Flash with Read-While-Write capabilities, 4K bytes EEPROM, 8K bytes SRAM, 86 general purpose
I/0 lines, 32 general purpose working registers, Real Time Counter (RTC), six flexible
Timer/Counters with compare modes and PWM, 4 USARTS, a byte oriented 2-wire Serial Interface, a
16-channel, 10-bit ADC with optional differential input s with programmable gain, programmable
Watchdog Timer with Internal Oscillator, an SPI serial port, IEEE std. 1149.1 compliant JTAG test
interface, also used for accessing the On-chip Debug system and programming and six software
selectable power saving modes. The Idle mode stops the CPU while allowing the SRAM,
Timer/Counters, SPI port, and interrupt system to continue functioning. The Power-down mode saves
the register contents but freezes the Oscillator, disabling all other chip functions until the next interrupt
or Hardware Reset. In Power-save mode, the asynchronous timer continues to run, allowing the user to
maintain a timer base while the rest of the device is sleeping. The ADC Noise Reduction mode stops
the CPU and all 1/0 modules except Asynchronous Timer and ADC, to minimize switching noise
during ADC conversions. In Standby mode, the Crystal/Resonator Oscillator is running while the rest
of the device is sleeping. This allows very fast start-up combined with low power consumption. In
Extended Standby mode, both the main Oscillator and the Asynchronous Timer continue to run. The
ATmega2560 AVR is supported with a full suite of program and system development tools including:
C compilers, macro assemblers, program debugger/simulators, in-circuit emulators, and evaluation

Kits[2].
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Fig. 1. Block Diagram of Atmnega2560 microcontroller.
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The digital input unit consists of several resistors and an optocoupler. The input signal for the
digital input module is 24 V DC. To change the input signal level from 0-24 V to 0-5 V. An
optocoupler was used. The electrical circuit of the discrete input module is shown in Figure 2.

+24V +5V

Sensor R2
'Y I ; U2 5 3
o 1
3k | R3
) ) MCU Pin

4 1k
MQOC3053
Optocoupler

Fig. 2. Circuit of Digital Input unit.

The optocoupler has two functions in this circuit. The first is the change in signal level, and the
second is the protection of the input channel of the microcontroller at high voltage. The signal to the
discrete input channel is transmitted through discrete sensors. When the logical one signal enters this
channel, the controller receives the logical zero.

The digital output unit also consists of optocouplers, resistors, and a transistor S8050 n-p-n type
(Fig.2.).

+24V

MCU Pin

R3

R1 5k1

220 Digital Output

1

U2
2 * 4
MOC3053
Optocoupler [

Fig. 3. Circuit of Digital Output unit.

This circuit works in this way: when the microcontroller issues a logical one, the optocoupler
will be open, and the key transistor will be closed. When the key transistor is closed, the digital output
will be a logical one.

The controller is capable of receiving 10-bit analog signals in the range of 0-5V. To change the
range of the 0-10 V signal from analog sensors used a voltage divider (Fig.4.). This circuit allows to
change the input signal without delay.

Analog Input (0-10V)

MCU Pin
o @
R4 l R5
] :l_
10k 10k

Fig. 4. Circuit of Analog Input unit.
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The analog output of the microcontroller is PWM. To control the playback mechanisms, have
to change PWM signal to a DC signal. For this, the following circuit is used (Fig. 5). The analog
output unit consists of MOSFET transistors, resistors and capacitors.

+10V

R5 T
———1 r—o
4k7
IRF9540N T 4700

MCU Pin

R3 Analog OQutput

| — a8
e -
1k

R4

1k
Q2
RFs20 L C2
[ 470u

Q1

IRF520

Fig. 5. Circuit of Analog Output unit.

The analog output signal from this unit's microprocessor is PWM. Since PWM is a pulsed
discrete signal, it is converted to an analog signal. This transformation requires a certain time.
Dynamic characteristic of the analog output channel when ordered to change the value is as follows

(Fig.6).

Voltage (Volt)

0% -

A | | | | | L L L L
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

Time (second)
Fig. 6. Dynamical characteristic of analog output channel.

In the calculations, the block of the analog output signal can be expressed as a first-order
operiadic link without delay. It will looks like this:

W(s) =

Ts+1
k - gain, T - constant time of the object.
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To support high-voltage connections by a control device, it is equipped with a relay-output unit
(Fig. 7). These output channels are used to connect high-voltage networks at low speeds.
+5V

!

.4

D1

Z: NO Contact
1N4004 o— o

—o\o_ NC Contact
——
McupPin R1 Q1
BD140
1k

Common
Fig. 7. Circuit of Relay-Output unit.

RLA1 —»
OMI-SH-112D

The general functional diagram of the equipment is shown in Figure 8. It works as follows.
When the system is connected to the source the first time the microprocessor assigns input and output
channels once. The default values for the analog and digital outputs are zero. Then the processor reads
the value of the discrete and analog inputs. Then it reads the serial port. By the command that comes
from the serial port assigns the values of discrete and analog outputs. Then sends information about the
status of the inputs on the serial port. This cycle is repeated until the power source is turned off.

Digital Digital
Input Unit Computer Output Unit

Analog — & Analog
Input Unit MCU Output Unit

Relay Power Step Motor
Output Unit Supply Driver

Fig. 8. Functional Scheme of Devise.

Software part of the control devise. Any serial port terminal can control the device. Several
commands have been developed to read the state of the digital and analog ports and write values to
them. In order to read state of digital Input channel have to read following command: "1X".

“I” means indicator digital input. “X”” means number of input channel.

Use the "OX" command to write a value to the digital output channel. Here is “O” means
digital output, “X” is value of that output which can only accept O or 1.

The "AX" command is used to read the value of the analogue input channel. Just like the one
above "A" means analog channel, and "X" means number of channel. To write a value to the analog
output channel, the "BX" command is sent. In this case, "B" represents the analog compression
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channel ID, and "X" represents the output channel number. The device software performance
algorithm is shown in Fig. 9.

Start

v

Set Inputs and
Outputs

v

Connect to Serial
Port (RS-232)

IF Y
Process
Stopped

Read Data from Serial is
Serial available

Digital Input Digital Output Relay Output Analog Input Analog Output Motor Task
Process Process Process Process Process Process
N Y
Run motor Stop motor

! !

END

Fig. 9. The device software performance algorithm.
Summary
A control device for autonomous moving systems has been developed. This device is connected
to a PC via RS-232 and provides information exchange. Allows you to create a control system using
any programming language. This allows the use of object-oriented programming languages to control
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autonomous moving systems. Device | / O channels consist of separate blocks, which can be easily
replaced by blocks when a channel malfunctions.

The small number of elements used in the device makes it very reliable. And, of course,
production will become a major factor in the low cost of production.

References

1. L. Yao, L. Li, M. Zhang, and L. Minzan, “Automatic guidance of agricultural vehicles based on Global Positioning
System,” IFIP Adv. Inf. Commun. Technol., vol. 187, pp. 617-624, 2005, doi: 10.1007/0-387-29295-0_67.

2. Y. Nagasaka, N. Umeda, Y. Kanetai, K. Taniwaki, and Y. Sasaki, “Autonomous guidance for rice transplanting using
global positioning and gyroscopes,” Comput. Electron. Agric., vol. 43, no. 3, pp. 223-234, 2004, doi:
10.1016/j.compag.2004.01.005.

3. Datasheet of Atmega2560 on https://www.microchip.com.

4. J. F. Reid, Q. Zhang, N. Noguchi, and M. Dickson, “Agricultural automatic guidance research in North America,”
Comput. Electron. Agric., vol. 25, no. 1-2, pp. 155-167, 2000, doi: 10.1016/S0168-1699(99)00061-7.

5. R. Ramin Shamshiri et al., “Research and development in agricultural robotics: A perspective of digital farming,” Int. J.
Agric. Biol. Eng., vol. 11, no. 4, pp. 1-11, 2018, doi: 10.25165/j.ijabe.20181104.4278.

6. G. Elkaim, M. O’Connor, T. Bell, and B. Parkinson, “System identification and robust control of farm vehicles using
CDGPS,” Proc. ION GPS, vol. 2, pp. 1415-1424, 1997.

7. N. Prakash, D. Kumar, and K. Nandan, “An Autonomous Vehicle for Farming Using GPS,” Int. J. Electron., vol. 1, no.
3, pp- 1695-1700, 1956.

69
https://uzjournals.edu.uz/ijctcm/vol2020/iss2/10



	DEVELOPMENT OF A CONTROL DEVICE AND ALGORITHM FOR AUTONOMOUS-MOVING SYSTEMS
	Recommended Citation

	DEVELOPMENT OF A CONTROL DEVICE AND ALGORITHM FOR AUTONOMOUS-MOVING SYSTEMS

