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USING OBD-2 TECHNOLOGY FOR VEHICLE DIAGNOSTIC AND USING IT IN THE INFORMATION
SYSTEM

This article considers the research of OBD-2 technology for interaction with on-board vehicle systems, the creation of a unified system that can work
with different makes and models of cars. The history of OBD-2 technology, its development, existing standards and their implementation in modern cars
is described. Basic diagnostic functions are described, with which you can get information about the car, as well as perform its settings and send various
commands to it. In addition, the hardware part of the scanner, its technical features, nuances of interaction with it and the purpose of each of its pins are
considered. Also reviewed couple models of scanners that can be used to develop this system. Conclusions are drawn on the practicability of their use,
taking into account their capabilities. Existing software analogues, their main functions, advantages and disadvantages are considered. The general
concept of interaction with the car via OBD-2, the interaction algorithm and step-by-step analysis of the interaction between the scanner and the car are
also considered. The software part of the interaction between the car and the scanner, special codes used to send requests and responses, their further
analysis and interpretation in a human-friendly form are considered. The possibilities for the unification of these codes for different car manufacturers
and the common code base to create a universal system that will be suitable for different cars from different car manufacturers are highlighted. A model
of the software system is proposed, which can embody a large set of useful functions for any motorist and will be compatible with a large number of
modern cars equipped with universal diagnostic tools, while using an affordable scanner model without the use of expensive professional equipment.

Keywords: Car, on-board computer, computer diagnostics, scanner, OBD2, information system.

Introduction. Despite the rapid pace of development
of the automotive industry, today a large number of cars are
quite primitive and do not even have an on-board computer
or have it, but it is endowed with a very narrow
functionality. But at the same time, almost all modern cars
are equipped with diagnostic ports that allow you to get a
lot of useful information about the car.

OBD2 car computer diagnostics technology is a
standard for diagnostics of various car systems performed
by car control units. It was introduced in 1996 as mandatory
for all vehicles sold in the United States of America, and
subsequently for all other vehicles.

Now, more or less every car is equipped with this
diagnostic port, and the number of those that are not
equipped is so low that it can be written off as an error.

So we can say with great confidence that this
technology is promising for research.

Today, there are a large number of similar programs
that allow motorists to self diagnose their own car. But
there is a number of certain disadvantages. All these
programs can be divided into 2 types: professional software
and those intended for general use.

Professional software usually has wide functionality
and provides a large number of opportunities to the user.
But this software, firstly, requires professional equipment,
and secondly, it has a high cost. These factors negate any
sense of mass use of this software.

Another category of programs are those that are
intended for general use. It has a small cost, but the vast
majority have narrow functionality, shortcomings in their
work or simply an inconvenient and unintuitive interface.

Also, one of the most common problems faced by
motorists is the problem of car theft. Standard alarms of all,
without exception, car manufacturers are not reliable
protection of the car. There are a huge number of illegal
devices on the black market that allow thieves to overcome
standard security measures and enter the car. Cars equipped
with keyless access systems are especially prone to this
threat. Thieves who have a special device for transmitting
a signal from the key to the car can easily break into the car
and steal it.

Today, a large number of motorists own not the most
modern cars, which do not even have such a vital option as
an on-board computer. This is a very functional tool that
allows the driver to get rid of a very large number of
different worries. But people don't only fill cars with fuel.
Lubricant, antifreeze and other special fluids need to be
replaced in it.

This led me to the idea of researching the technologies
of computer diagnostics of the car to create a system that
would allow any motorist to receive information about his
car on his own, which was previously available only at
specialized stations.
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The purpose of the research is to study the
possibilities of OBD-2 technology and its application in a
software system that is an analogue of a car's on-board
computer, to study the possibilities of integration with
services that provide the necessary information for car
diagnostics, to design a motorist's assistant system that
provides car diagnostic functions.

Proposed model. Analyzing similar programs, we
can conclude that today there are a large number of
software products on the market that provide real-time
computer diagnostics of the car using universal OBD
reading devices.

But most of these products are aimed primarily at
professional auto mechanics who are engaged in car
diagnostics, have professional equipment and extensive
knowledge in the field of car diagnostics and its structure.

This means that such products are not suitable for use
by the masses of motorists, since they have neither
expensive equipment nor professional education. They
generally do not use such professional tools.

In addition, such solutions often cost a lot of money
and their purchase is simply unprofitable for an ordinary
car enthusiast who needs to get some basic information
about his car.

Research begins with the development of the
program. A research program is a document that regulates
all stages, stages of preparation, organization and conduct
of a specific study. The research program contains
theoretical substantiations of methodological approaches
and methodical methods of studying a certain phenomenon
Or process.

In the research of the study, the main possibilities of
OBD2 technology for computer diagnostics of the car were
studied. The main goal was to study the possibility of
creating a system that would allow diagnosing any modern
car, while having a universal car scanner without of using
of OEM equipment.

Results and discussion. A standard OBD-II
diagnostic connector is used to connect to the car. Most of
the serial cars produced after 1996 are already equipped
with such a connector. Although such a diagnostic
connector is standardized, it supports several protocols of
different engine control systems at once, that is, different
contacts on the connector are physically used, which the
scanner communication module must know. Accordingly,
different brands of cars may have different internal busses
for obtaining diagnostic data from the engine management
side.

One way or another, but all specialized solutions are
more advanced industrial products, compared to the usual
device for reading diagnostic codes based on the ELM327
microcircuit of the Canadian company Elm Electronics.
ELM327 is a universal converter of protocols used in
diagnostic tires of cars into a serial protocol of the RS-232
type.

Interaction with ELM327 is carried out by standard
AT-commands supported by the chip. You just need to
organize the exchange of text messages using the RS-232
protocol. Namely, a low-level physical connection via
USB, Bluetooth or Wi-Fi is implemented using RS-232
serial protocol conversion chips. That is, to turn a car into

an loT device, it is enough to connect the ELM327 chip to
the OBD-II diagnostic connector and at the output of this
chip, for example, put a serial interface converter in
Bluetooth or Wi-Fi. Then, you can “read” car diagnostics
from your smartphone or computer. However, there are
more than enough such ready-made modules or blocks on
the market. And their price on AliExpress ranges from a
few dollars to thousands for professional devices.

The most common interface CAN (Controller Area
Network) is used for interaction with the car. At one time,
the CAN standard, proposed by Bosch, made significant
progress in the development of systems for automotive
electronics. If the car in the Internet appeared only recently,
then the concept of the network inside the car has existed
since the mid-80s. The idea is very simple, and just as
Ethernet made a break-through in computer networks,
CAN became the basis of reliable communications inside
the car.

CAN bus is an automotive bus developed by Robert
Bosch that is mostly adopted in the automotive and
aerospace industries. CAN is a serial bus protocol, with the
connection of individual systems and sensors as an
alternative to the usual multiwire bundle. Allows you to
connect automotive components in a single wire called a
data bus network with a high speed of information transfer.
Before the CAN bus was released, cars had a large amount
of wiring that was necessary to connect various electronic
components. That is, it is a bus that connects various blocks
and components in the car and allows them to exchange
information in real time.

Previously, in cars, tires of various modules and
devices converged to the central engine control unit. The
serial CAN bus made it possible to implement independent
intelligent modules that communicate with each other
actually using a network protocol. At the same time, the
amount of wiring inside the car is significantly reduced.

Data transmission in the CAN bus resembles a
publisher-subscriber model, where each device on the bus
has a unique identifier, and when one device transmits data,
all the others listen and make a decision based on this
identifier - whether it need that data to receive and
processing or not.

Moreover, there are two different CAN nets. One
works with a higher speed (1 Mbit/s) and is used to monitor
the engine and interconnect the ECU. The other one is used
to communicate the rest of the parts of the vehicle such as
doors, seats or lights and works with less speed (250
Kbit/s).[1]

It is this feature that allows the user to connect a
diagnostic scanner through a special port and receive real-
time information about his car, read errors, etc.

The main method of computer diagnostics is the
connection of special scanners that are connected to car
electronics and read data in digital form.

First, computer diagnostic tools are used to read not
only the error codes, but also all the digital data that is
directly related to the problem that occurred. Here you need
to understand that the scanner can fully decipher detected
malfunctions.

At the second stage, all these data need further
confirmation. And above all, the car's electronic systems
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need to be thoroughly checked to ensure that it is fully
operational

Next, the scanner displays the data in real time. This
function can be used to check signals from sensors and
other controls to detect malfunctions.

Interaction of the scanner with the car. Modern cars
are not only mechanical parts, it are also many electronic
units. It monitor the operation of various systems and units,
monitor their condition, and track their errors in operation.
Reading these metrics makes computer diagnostics and
troubleshooting possible.

The multifunctional adapter, which connects to a
standard OBD-2 port, supports cars of various makes and
models. Special software for them contains in the database
both standard error codes that are common to most cars, and
codes that are unique to each brand.

In addition to reading fault codes, the latest OBD-2
scanners offer several options for tuning the vehicle's
electronics.

The OBD2 scanner can analyze both the entire on-
board network and individual systems. The ability to
monitor such parameters as engine speed, speed, oil and
antifreeze temperature, oil and fuel pressure, intake
manifold and exhaust manifold pressure in real time.

Within the OBDII diagnostic standard, there are 5
main communication protocols between the electronic
control unit (ECU) and the diagnostic scanner. Physically,
the auto scanner is connected to the ECU via the DLC
(Diagnostic Link Connector), which complies with the
SAE J1962 standard and has 16 pins (2x8). Below is the
layout of the contacts in the DLC connector on the Figure
1, as well as the purpose of each of them.

Fig. 1: Pin assignment in the DLC (Diagnostic Link Connector)

Pins list:

1. OEM (manufacturer's protocol);

2. Bus + (Bus positive Line). SAE-J1850 PWM,

SAE-1850 VPW,

Defining by manufacturer;

Body grounding;

Signal ground;

CAN-High line of CAN Highspeed bus (ISO

15765-4, SAE-J2284);

K-Line (ISO 9141-2 and 1SO 14230);

Defining by manufacturer;

CAN-Low line, CAN Low speed bus;

0. Bus - (Bus negative Line). SAE-J1850 PWM,
SAE-1850 VPW;

11. Defining by manufacturer;

12. Defining by manufacturer;

13. Defining by manufacturer;

14. CAN-Low line of CAN Highspeed bus (ISO

15765-4, SAE-J2284);
15. L-Line (ISO 9141-2 and ISO 14230);
16. Power supply +12v from the battery.

ook w

B oo

The assignment of undefined contacts is at the
discretion of the wvehicle manufacturer. Next, we will
consider in detail the format and physical layer of each
communication protocol within the OBDI|I standard.

The OBD-II system uses 9 measuring modes, each
one of them allows the access to the ECU data in the vehicle
check Table 1. In order to request data, it is necessary to
use PID [Parameter Identification] codes. Each PID is
related with a specific measurement of the modes 1 and 2
of the OBD-II system. For instance, if the real-time datum
of the vehicle speed is requested, the mode 1 should be
chosen and the PID “OD” has to be used. [2]

Table 1 — OBD measuring modes

Mode Features
01 Collecting updated data: it allows the real-time
access to the ECU inputs and outputs.
02 Access to frozen data frames: the ECU takes a
sample of the values related with the emissions at
the exact moment when a failure arises.
03 Gathering of the failure codes: it allows to extract
all the DTC [Data Trouble Codes] stored in the
ECU memory.
04 Code erasing and failure in the stored values: it

allows to delete all the stored codes in the ECU,
including the DTC and the saved data frame.
05 Tests results in the oxygen transductors: it allows
the access to the test results performed to the
oxygen transductors.
06 Tests results of other transductors: results of the
diagnostics in components not submitted to
constant surveillance.
07 Pending failure codes sampling: it allows to read all
the pending DTC from the ECU memory.

08 08 Components operating control: it permits the
execution of tests in the actuators.
09 Vehicle information: it allows to request the VIN

[Vehicle Identification Number].

Within the OBDI|I standard, there are 5 data exchange
protocols between the ECU (electronic control unit) and the
diagnostic scanner.

SAE J1850 PWM on the Figure 2.

Looking into wehicle disgnostic conmedor

' e
Jli e N

OmmmEm . R

J1850 PWM

Must have pins in 2, 4, 5, 10 and 16

Fig. 2: SAE J1850 PWM protocol connection diagram

There are two types of J1850 protocol. The first of
them is high-speed and provides a performance of 41.6
KB/s. This protocol is called PWM (Pulse Width
Modulation). It is used by Ford, Jaguar and Mazda. For the
first time this type of communication was used in Ford cars.
In accordance with the PWM protocol, signals are
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transmitted over two wires connected to pins 2 and 10 of
the diagnostic connector.

SAE J1850 VPW (Variable Pulse Width) on the
Figure 3. The VPW protocol supports data transfer at a rate
of 10.4 KB/s and is used in General Motors (GM) and
Chrysler vehicles. It is very similar to the protocol used in
Ford vehicles, but is significantly slower. The VPW
protocol provides for data transfer over a single wire
connected to pin 2 of the diagnostic connector.

ISO 9141-2 on the Figure 4.

Looking into wehicle diagnostic connector

'
OEmBE

N R~

J1850 VPW

Must have pins in 2, 4, 5, and 16, but not 10

GHND

Fig. 3: SAE J1850 VPW protocol connection diagram

Looking into vehicle diagnostic connector

.
mjaa]: | s |njnm

I s R 12

IS0 9141-2 & KWP2000

Must have pins in 4, 5, 7 and 16, may also have pin 15

GND

Fig. 4: 1SO 9141-2 protocol connection diagram

Applies to most European and Asian vehicles and
some Chrysler vehicles. The 1SO9141 protocol is not as
complex as the J1850 standards. While the latter require the
use of special communication microprocessors, 1509141
requires conventional serial communication micropro-
cessors, which are found on store shelves. Uses pin 7 (K-
line) and optionally pin 15 (L-line).

1SO 14230 KWP2000 (Keyword Protocol 2000).

Physically identical to ISO 9141. Also uses pin 7 (K-
line) and optionally pin 15 (L-line).

ISO 15765 CAN (250 kBit / s or 500 kBit / s) on the
Figure 5.

The CAN protocol was developed by Bosch for
automotive and industrial applications. Unlike other OBD
protocols, its variants are widely used outside of the
automotive industry. CAN was not OBD-II compliant for
vehicles in the US until 2003, but as of 2008, all vehicles
sold in the US must support CAN. Within OBDI|, it uses 2
pins: 6 and 14. It is the fastest and most modern.

Looking into vehicle diagnostic connector

'
OOCaEE

1 s e 12

ISO 15765 CAN

Must have pins in 4, 5, 6, 14 and 16

GND

Fig. 5: ISO 15765 CAN protocol connection diagram

Existing software. TOAD is short for Total OBD &
ECU Auto Diagnostics. It is an OBD diagnostic software
that performs vehicle diagnostic systems and provides
diagnostic reports. It monitors electronic sensors in the
engine, transmission and emissions system [3].

Benefits:

o provides wide possibilities of diagnostics;

e error reading in real time;

e makes it possible to clean blocks of cars from

errors;

e has the function of saving a snapshot of block data

at a certain point in time;

e compatible with almost all makes and models of

cars.

Disadvantages:

e very high price;

o only compatible with Windows OS;

e requires a deep understanding and skills in car

diagnostics.

PCMSCAN is a full-featured generic OBD-II scanner
and diagnostic tool that supports a wide range of OBD-II
hardware interfaces [4]. It allows viewing, graphing,
logging and playback of real-time diagnostic data through
the vehicle's OBD-II diagnostic port. It also allows you to
view vehicle diagnostic trouble codes, real-time auto data,
and other vehicle information.

PCMSCAN supports almost all modern cars.

Benefits:
provides wide possibilities of diagnostics;

e error reading in real time;

e error clearing;

e compatible with almost all makes and models of

cars that were released after 1996.

Disadvantages:

o only compatible with Windows OS;

e requires a deep understanding and skills in car

diagnostics.

Scanners. BAFX Products Bluetooth Scanner — this
scanner has one of the best ratings on the Amazon platform.
It is compatible with Android and Windows and allows you
to read Check Engine codes, reset/clear the Check Engine
Light, read data from various car sensors, check if the car
is ready to pass the emissions test and much more.

Panlong Bluetooth OBD2 Car Diagnostic Scanner —
compact scanner from the Panlong company has a good
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rating on Amazon, plus it boasts an attractive price. It
allows you to read errors and various car data that are not
available on the instrument panel.

ELM327 — one of the most popular and widespread
mobile scanners on the market, it provides the ability to
connect using Bluetooth, supports Android and Windows.
Also one of the cheapest. This scanner will be used for
investigation.

All information from the car is sent using a special
ELM327 adapter that connects via the OBD-2 port and
transmits all data via Bluetooth. MCP-2551 is used for
communication of ELM-327 with CAN. The
communication with the ECU can be achieved with these
two integrated tools. Wired or wireless communication can
be used to transmit this communication to an external
device. [5]

Before starting the computer diagnostics, you need to
establish a connection with the scanner and execute the
initialization commands.

Interaction with car. Access to ECU data with
mobile devices of the drivers is performed by diagnostic
device connected to OBD-I1I connector [6].

Once all the commands supported by the car have
been defined, you can send requests and get the information
you need. But to interpret it in a form acceptable to a
person, you need to decipher the codes returned by the
machine. That is, to have a certain base of all codes.

Each command has its own unique identifier, the
response format, that is, the number of bytes it returns, the
range of values, in which the response is returned.

As mentioned earlier, special codes are parameter
identifiers that are used to request diagnostic information
from cars. The SAE J1979 standard defines a standard list
of such codes, but manufacturers are free to add their own
specific codes. Also, manufacturers may not use all the
codes regulated by the standard SAE J1979.

General schema of interaction depicted on Figure 6.

. Bluetoott

“Ocpy
~

Fig. 6: Schema of interaction with car

First of all, it should be noted that all data from the car
will be transmitted using a special adapter ELM327, which
connects via the OBD-2 port and transmits all data via
Bluetooth. [7]

To get started you need to perform initialization
commands, here are the main ones you need to get started:

e ATZ - Resets the adapter to the factory settings;

e ATLO - Disable line breaks;

ATE1 - Echo on;

ATH1 - Headers on;

ATSTFF - Set the timeout to maximum;

ATDP - [Describe the current Protocol] The
scanner is able to independently determine the
protocol of the vehicle to which it is connected:;

e ATSPO - [Set Protocol h] Command to select the

protocol in automatic mode.

Based on the above commands, you can generate an
initialization string. It will look like this;

Special PID's commands are used to read diagnostic
data. PID (Parameter id's) - codes used to require data from
the ECU, like RPM in idle speed [8].

The main pads support all cars that have an OBD-2
port. There are also sets of commands for certain makes and
types of cars. In our case, the study focuses on basic car
diagnostics, so we use a basic set of commands.

Each car supports a certain set of floors. That is, when
working with a particular car, you need to operate with a
certain set of basic in order not to send the car requests that
it does not support. To do this, you need to fulfill a special
request, to which the car will return all the floors that it
supports. This should be done immediately after the
connection is established.

All queries and answers to them are executed in
hexadecimal.

To install all supported floors, run a special command
with the following code - 0100.

Suppose the car returned the following value -
BB1E3211. Next, we translate the result into the binary
number system.

BB1E3211(16) is equal to 101110110001111000110
01000010001(2).

Using the general floor table shown in Figure 7,
determine which ones are supported.

1 " 1 1 | 0 1 UL " 1 ] 1 L e o 1

2 M 05 06 0T 08|09 0A 0B OC 0D JOE F 1D 12113
1 0 e 1 (0 0 0 0 P o0 0 1

T8 19/ IAIBIICIIDIIEIF 0

Fig. 7: Table of codes

Based on these data, we can determine that our car
supports the following types: 01, 03, 04, 05, 07, 08, 0C, 0D,
OE, OF, 13, 14, 17, 1C, 20.

Now we will use only supported commands to
increase productivity.

This is usually not the whole list of floors, but only a
small part of them, given as an example.

Car errors can also be different and there are separate
commands for them. example:

e 03 - Todisplay saved error codes;

e 0A - To display constant error codes.

As with other teams, car errors come in coded form,
respectively, as in other teams, they need to be decoded to
obtain the necessary information.

After the car responds to the request, you will need to
decrypt its response and find the appropriate code in the
database, and then display all the information about the
error. [9].
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The main advantage of OBD2 technology is the
unification of ports, as well as standards for data
transmission and interaction with them.

It was found that all modern cars, which are equipped
with diagnostic ports of the OBD2 standard, have a
universal standard of interaction with the car, as well as a
certain unified set of commands, which is subject to the
SAE J1979 standard, which allows creating a single
interface for interaction with the car [10].

At the same time, there are nuances, such as the fact
that automakers are free to deviate from this standard, to
introduce their own innovations in their cars, but for my
task of high-level diagnostics, this is not a problem. After
all, based on open sources, the basic diagnostic commands
are universal for most machines.

That is, if there is an open base of basic commands, as
well as their interpretation, most modern cars can be
diagnosed with a universal diagnostic device.

The end user needs to purchase an ELM327 type
adapter, download a special application and use the system.

When developing a software product, it is advisable
to use a flexible development methodology, because when
writing a system, you need to be ready for changes in
requirements and quick correction of shortcomings.

Since, according to the specifics of working with the
ELM327 adapter, requests are sometimes executed for a
long time, due to the fact that data transmission using the
RS232 protocol occurs sequentially, it will be appropriate
to use an asynchronous model of interaction with the
adapter based on messages using broker messages.

The main problem is to check the correctness of
working with this or that car, because the features of
working with them may differ not even between brands or
models, but even between complete sets of the same model,
depending on the presence of certain electronic options
[11].

So after developing a system with basic functions, a
very important stage is testing on different makes and
models of cars. The proposed system will greatly shorten
the time to detect vehicle trouble condition [12].

Obviously, it is impossible to test the product on a
significant percentage of all cars. Therefore, it will be
advisable to organize open beta testing after closed testing,
to encourage owners of different cars to cover a larger
percentage of tested cars and collect data on defects related
to specific models for their further elimination.

Conclusions. As a result of the article, a scheme of
research was developed on the basis of which a software
system will be developed, which will provide opportunities
to use OBD-2 technology to diagnose the car. It will also
contain the functions of the on-board computer, collect
statistics. Also, was researched history of that technology
development, as well as the features of its use in software
systems were analyzed

Different models of scanners currently on the market
were compared and the most affordable and suitable for this
task of high-level car diagnostics was selected. The scheme
of interaction with the car is considered using special
commands that allow you to get any information about the
vehicle in real time.

The practical significance of the obtained results is
that the model of interaction of the car with the help of
OBD-2 technology with the program proposed in the article
is a theoretical basis for the development of a system
analogous to the on-board computer of the car.
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BUKOPUCTAHHS TEXHOJIOT'Ti OBD-2 JUISI JIATHOCTUKH ABTOMOBLJIIB TA ii BUKOPUCTAHHSI
B IHOOPMALUIMHIN CUCTEMI

V cTatrTi po3riIsaaThes 1oCkiuKeH s TexHooril OBD-2 s B3aeMonii 3 60pTOBUMHU CHCTEMaMy aBTOMOOLIIS, CTBOPEHHS YHi()iKOBaHOI CHCTEMH, sKa
MOJKe MPALOBATH 3 PI3HUMHU MapKamu i Moze/siMu aBToMo6iniB. Omcana icropist rexuosorii OBD-2, 1l po3BUTKY, iCHYIOUi CTaHAAPTH Ta 1X BTLTCHHS
y cydacHUX aBTOMOOUIIX. ONHCaHO OCHOBHI AIarHOCTHYHI (QYHKIII, 32 JOIIOMOTOI0 SIKMX MOXKHa OTPHMYBATH iH(pOpMaLilo mpo aBTOMOOILNIb, a TAKOXK
BUKOHYBAaTH HOr0 HalaIITyBaHHs Ta HaJCWJIAHHS HOMY Pi3HUX KoMaH[. [0 TOro » po3IIIsSTHYTO anapaTHy YacTHHY CKaHepy, HOro TeXHIYHi 0COOIUBOCTI,
HIOAHCH B32€MOJI1 3 HUM Ta MPU3HAYCHHs KO)KHOTO 3 Horo miHiB. Tako pO3MISIHYTO KillbKa MOJENel CKaHepiB, sIKi MOXKHA BUKOPHCTOBYBATH IS
po3pobKy wi€i cucteMu. 3po0JICHO BUCHOBKHU PO JOLIIBHICTE X BUKOPHCTAHHS 3 ypaxyBaHHSAM iX MOXIMBOCTeH. PosrisiHyTo icHyrodi mporpami
aHaJOIH, iX OCHOBHI (DYHKIII, IIepeBaru Ta HeJONiKH. Takoxk PO3IIISTHYTO 3aralbHy KOHIIEMIII0 B3aeMofii 3 aBTomoOineM depe3 OBD-2, anroputM
B3a€MOJIii Ta TMOKPOKOBO PO3i0OpaHO B3a€EMOJII0 CKaHepa i aBTOMOOLIL. PO3MISSHYTO MporpaMHy 4acTHHY B3a€MOJII MiXK aBTOMOOIJIEM i CKaHEpOM,
CIeliaNbHi KOIH, [0 BUKOPHCTOBYIOTHCS IS HAJICHIIAHHS 3allUTIB Ta BiANOBiJEH, iX MONAIbIIMI aHAMi3 Ta IHTepIpeTanis y NpUAaTHHN UL TIOANHA
BUTIISAA. BucBiTieHo MOXIMBOCTI mo/10 yHi(iKalii X KOMIB /Ul Pi3HWX aBTOBMPOOHMKIB Ta 6a3y 3arallbHUX KOJIB JUIS CTBOPEHHS yHiBepCaIbHOI
CUCTEMH, siKa Oy/ie MiIXOQUTH VIS Pi3HUX aBTOMOOIIIB Pi3HMX aBTOBUPOOHHUKIB. 3alIpOIIOHOBAHO MOJIEIb TIPOrPAMHOT CUCTEMH, 1110 3MOXE BTUIUTH B
co0i BenMKHH Halbip KOpHCHHX (YHKLIH 11t Oyab-sfKoro aBTOMOOUIiCTA Ta OyJae CyMICHOIO 3 BEIHMKHM YHCIOM CYyJacHHX MAIIHH OOJaJHaHWX
YHIBEpCAIIBHIMHA 3aC00aMH JIIarHOCTHKH Yy TPH I[bOMY BHKOPHCTOBYIOUM JIOCTYITHY MOJIENb CKaHEpy Oe3 3aCTOCYBaHHS Jopororo mpodeciiHoro
o0naHaHHs.
Korodosi ciioBa: ABTOMOOiNB, 6OPTOBHIT KOMIT'IOTEP, KOMIT'FOTEpHA JliarHOCTHKA, ckaHep, OBD2. Indopmariiiina cucrema.
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