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Abstract. Problem. The increasing number of electric vehicles necessitates effective diagnostic
methods, as traditional approaches developed for internal combustion engine (ICE) vehicles are not
always suitable for electric transport. One of the key diagnostic tools is OBD-I1I, which allows for
obtaining information about the state of a vehicle's electrical systems. However, the accuracy and
limitations of this method require detailed analysis. Objective. To explore the possibilities of using
OBD-I1I for diagnosing electric vehicles by analyzing their functional potential, features of data
reading and interpretation, and assessing the limitations of this method in comparison with other
diagnostic approaches. Methodology. An analysis of the functional capabilities of OBD-II for
diagnosing electric vehicles was conducted. An experimental assessment of the accuracy of data
obtained using OBD-II in real-time was performed. Diagnostic parameters of the high-voltage battery,
inverter, and electric motor were analyzed, as well as the efficiency of energy consumption and
regenerative braking. Results. The study confirmed that OBD-Il allows obtaining important
diagnostic data about an electric vehicle, particularly regarding the state of the battery, electric
motor, and other components. However, limitations were identified related to the incompleteness of
certain parameters, especially concerning battery cell balancing. This can affect the accuracy of
assessing the condition of the high-voltage battery and its remaining capacity. Originality. The article
provides a comprehensive analysis of the application of OBD-Il for monitoring electric vehicles,
differing from traditional approaches focused on ICE vehicles. The possibilities of diagnosing major
electrical systems in real-time are evaluated. Practical Value. The results may be useful for electric
vehicle owners who wish to independently monitor the technical condition of their vehicles, as well as
for auto service centers that use OBD-II in their practice. Integrating OBD-II with more accurate data
processing algorithms can improve the efficiency of electric vehicle diagnostics.

Keywords: electric vehicle diagnostics, OBD-II, battery condition, real-time monitoring, Car Scanner
ELM OBD-II, error codes, energy consumption.

Introduction

The development of electric vehicle (EV)
transport requires effective methods for diagnos-
ing their technical condition. Traditional diag-
nostic approaches used for internal combustion
engine vehicles are not always suitable for elec-
tric transport. Key components of an electric
vehicle, such as the high-voltage battery, trac-
tion motor, inverter, and charging system, re-
quire specialized diagnostic methods [1-3].

One of the popular tools for assessing vehicle
condition is the Car Scanner ELM OBD-II. This
device allows for real-time monitoring of elec-
trical systems, reading of fault codes, and track-
ing of key vehicle parameters. Its use enables

the detection of malfunctions, optimization of
energy consumption, and improvement of over-
all EV performance [4, 5].

The battery is a crucial component of an
electric vehicle, and its condition significantly
affects the performance and longevity of the
vehicle. Diagnostic methods based on battery
parameter analysis allow for determining the
State of Health (SOH) and remaining useful life
[6, 7]. The use of OBD-II scanners for evaluat-
ing SOH and other critical parameters is becom-
ing increasingly relevant. Research shows that
real-time data analysis obtained via OBD-Il can
be an effective way to detect anomalies in the
operation of an electric vehicle's systems [8].
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Despite the widespread use of OBD-II scan-
ners, their effectiveness for electric vehicles re-
quires further investigation. It is important to as-
sess the accuracy of the data obtained, the range
of parameters available for monitoring, and how
this information can be used for diagnostics. Ad-
ditionally, the capabilities of the Car Scanner
ELM OBD-II should be evaluated in comparison
with other EV diagnostic methods [9].

Analysis of publications

Diagnosis of electric vehicles is a crucial compo-
nent of their efficient operation and maintenance.
Key diagnostic targets include the high-voltage
battery (HVB), electric drive system, inverter,
and other control systems, which differ signifi-
cantly from those in conventional internal com-
bustion engine (ICE) vehicles [10-12]. As such,
modern diagnostic methods must account for the
specific characteristics of electric transport and
ensure high accuracy in the results obtained.

Since the battery is the primary energy
source of an electric vehicle, its condition direct-
ly affects driving range and overall vehicle per-
formance. In [10], a method for assessing the
technical condition of HVBs in compact urban
electric vehicles is proposed, based on analysis
of operational parameters. The authors highlight
degradation level of battery cells, depth of dis-
charge, and temperature conditions during use as
key indicators for estimating battery life.

Further studies confirm the importance of
State of Health (SOH) as a key metric in battery
diagnostics. In [11], the feasibility of evaluating
HVB SOH under real-world operating condi-
tions is examined, taking into account driving
style and changes in charging parameters. The
proposed method is based on analyzing current
and voltage during battery operation and em-
ploys machine learning algorithms to predict
degradation with high precision.

The continued development of diagnostic
systems involves the use of artificial intelligence
(Al) and automated data analysis algorithms. In
[12], modern battery condition monitoring
methods are explored, including SOH, State of
Safety (SOS), Remaining Useful Life (RUL),
and predictive models for estimating battery
lifespan. The authors highlight the potential of
cloud computing and Al integration to improve
battery diagnostics accuracy.

In addition to monitoring HVB status, identi-
fying malfunctions in EV systems is also a criti-
cal aspect of diagnostics. In [13], a classification
of HVB failures is presented based on mechani-

cal, electrical, thermal, and operational charac-
teristics. Methods are proposed for detecting
anomalies from both mechanistic and sympto-
matic perspectives, enabling more accurate iden-
tification of degradation causes.

Recently, interest has grown in the use of
deep learning methods for analyzing the opera-
tion of EV electrical systems. Study [14]
demonstrates the potential of using Long Short-
Term Memory (LSTM) models for real-time
fault prediction. This approach allows for effec-
tive analysis of parameter changes and early
detection of potential failures.

Ensuring EV reliability also depends on ro-
bust control strategies for electrical components.
In [15], fault-tolerant control algorithms aimed
at improving EV safety are discussed. Methods
for detecting unstable electrical processes and
optimally balancing system reliability and im-
plementation cost are proposed.

Many modern diagnostic methods are based
on the use of OBD-II (On-Board Diagnostics),
which provides detailed information on vehicle
operation. Study [16] outlines the history of
OBD-II development, its standardization, and its
adaptation for modern transport systems.

Within this research area, particular attention
is given to expanding the functional capabilities
of OBD-II. In [17], the parameters available for
monitoring are analyzed, including data on the
battery, inverter, and other EV electronic sys-
tems. It is noted that OBD-I11 data can serve as the
foundation for automated diagnostic systems.

A promising direction is the integration of OBD-
Il scanners with mobile applications, making diag-
nostic data more accessible to users. Study [18] de-
scribes the development of a mobile application that
remotely receives diagnostic information via an
OBD-II adapter, making vehicle condition analysis
accessible to a wide range of users.

Further development of this technology in-
volves the Internet of Things (1oT) and machine
learning. In [19], an loT-based solution is pro-
posed that integrates OBD-II with Al methods
for predictive diagnostics and maintenance rec-
ommendations. In [20], the possibility of inte-
grating OBD-II with cloud services is consid-
ered for automated real-time diagnostic data
processing and analysis.

The literature review demonstrates the rele-
vance of using OBD-II scanners for diagnosing
modern electric vehicles. Studies confirm the
ability to obtain detailed real-time data on bat-
tery health, electrical systems, and power com-
ponents, significantly simplifying diagnostics
and maintenance.
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However, current methods do not yet provide
fully automated diagnostics and require im-
proved data analysis algorithms. Moreover, fur-
ther research is needed to assess the accuracy of
parameters obtained via OBD-II scanners and to
compare their effectiveness with other diagnos-
tic methods.

In this context, a detailed evaluation of the
capabilities of the Car Scanner ELM OBD-II
and its effectiveness in diagnosing electric vehi-
cles is highly warranted.

Purpose and Tasks

The aim of this study is to explore the potential
use of OBD-II for electric vehicle diagnostics by
analyzing its functional capabilities, data read-
ing and interpretation features, as well as as-
sessing the limitations of this method compared
to other diagnostic approaches.

To achieve this goal, the following objectives
must be addressed:

— Analyze modern diagnostic methods for
electric vehicles, particularly the approaches for
monitoring the condition of key technical com-
ponents such as high-voltage batteries, inverters,
and electric drives;

— Investigate the functional capabilities of
OBD-II scanners and their ability to retrieve and
process data from electric vehicle systems;

— Assess the advantages and limitations of
using OBD-IlI for monitoring key operational
parameters of electric vehicles;

— Conduct experimental testing of electric
vehicle diagnostics using OBD-II and evaluate
the accuracy of the results obtained;

— Compare the effectiveness of OBD-II di-
agnostics with other methods and develop rec-
ommendations for improving its application.

Capabilities and Functionality of OBD-11 in
Electric Vehicle Diagnostics

Modern vehicles have a significantly more
complex electronic structure compared to those
of previous decades. The number of electronic
control units (ECUSs) in today’s cars is approxi-
mately ten times greater than in an average ve-
hicle from the 1990s. This advancement allows
for a broader and more detailed analysis of a
vehicle’s technical condition by collecting real-
time data from numerous sensors and detecting
faults at early stages. A key component in this
process is the use of On-Board Diagnostics
(OBD-I1) scanners, which connect to the vehi-
cle’s diagnostic port and transmit information
about the status of its systems [21].

One of the most popular tools for basic diag-
nostics is the Car Scanner ELM OBD-II. This
device enables users to monitor the vehicle’s
technical condition, read fault codes, and track
the main parameters of the powertrain and elec-
trical systems. Its accessibility for ordinary users
is particularly valuable, as it allows significant
savings in time and cost by enabling users to
analyze data independently.

Operating Principle and Functionality of
OBD-II Scanners

OBD-II scanners collect information from a
vehicle’s electronic systems via a special diag-
nostic port (Fig. 1). This data includes:

— Diagnostic Trouble Codes (DTCs);

— Real-time operating parameters of the en-
gine, battery, and other components (voltage,
current, temperature, speed, pressure, etc.);

— Sensor status and their compliance with
factory specifications;

— History of stored errors, which are not al-
ways displayed on the vehicle’s dashboard.

Fig. 1. Types of some modern OBD-II scanners

Diagnostic trouble codes (DTCs) are regis-
tered when certain parameter values exceed ac-
ceptable limits or when a sensor stops respond-
ing. More advanced models of OBD-II scanners

not only read data but also perform additional
service functions such as resetting service mes-
sages, activating special modes, and even coding
electronic control units.
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Since 1996 in the United States and 2004 in
Europe, OBD-II has become a mandatory stand-
ard for all new vehicles. This has ensured the
unification of diagnostic systems, allowing the
use of the same devices to read data across a
wide range of vehicles.

Types of OBD-I11 Scanners and Their
Features

The modern market offers a wide range of
OBD-Il scanners that differ in functionality,
price, and compatibility with vehicles.

1. Basic OBD-Il Readers (Entry-Level Seg-
ment)

Basic OBD-Il readers connect to a
smartphone or tablet via Bluetooth or Wi-Fi,
making them convenient to use. They are the
most affordable option among diagnostic tools,
often costing just a few hundred hryvnias. The
primary functionality of such scanners includes
reading trouble codes and basic real-time vehi-
cle parameters. Due to their simplicity, they are
an optimal choice for regular drivers who want
to independently monitor changes in vehicle
parameters while driving.

2. Advanced OBD-II
Professional Level)

Advanced OBD-II scanners offer an extend-
ed set of features, including error code resetting,
parameter graph viewing, and sensor testing.
These devices enable a deeper analysis of a ve-
hicle’s electronic systems, providing more de-
tailed diagnostics compared to basic models.
The cost of such scanners starts at UAH 3000—
4000 (as of early 2025), making them an acces-
sible solution for car enthusiasts and service
technicians. One of the popular representatives
of this category is the Launch X431 Pro3S
OBD-II, shown in Fig. 2 [22].

Scanners  (Semi-

LAUNCH

Fig. 2. Launch x431 Pro3S OBD-II multi-brand
car scanner

3. Professional Diagnostic Systems

Professional OBD-II scanners are typically
used in auto service centers and by certified
dealers, as their functionality extends far beyond

basic diagnostics. These devices not only read
error codes but also allow modifications to the
electronic control unit (ECU) settings, key pro-
gramming, sensor calibration, and other ad-
vanced operations. The use of such tools re-
quires specialized knowledge and appropriate
training, as improper interference with a vehi-
cle’s system can lead to malfunctions. Due to
their high functionality and professional focus,
their cost is significantly higher—starting from
tens of thousands of hryvnias.

Thus, devices like the Car Scanner ELM
OBD-Il represent an accessible and user-
friendly solution for wvehicle diagnostics at
home, whereas professional diagnostic tools are
intended for deeper system analysis and require
additional expertise.

Electric Vehicle Diagnostic Algorithm Using
OBD-II

The functionality of diagnostic devices may
vary depending on the model, but the core prin-
ciple remains the same [21].

1. Connecting the Scanner. All modern ve-
hicles are equipped with a standard OBD-II port,
typically located under the steering column or
on the center console (see Fig. 3). In some mod-
els, this connector may be hidden behind a plas-
tic cover, which must be removed before con-
necting the scanner.

f
/

Fig. 3. OBD-II port locations in cars [21]

Many modern diagnostic devices use wire-
less connectivity via Bluetooth or Wi-Fi, signifi-
cantly simplifying the interaction process with a
smartphone or tablet. Before starting, it is im-
portant to ensure that the relevant communica-
tion module is enabled on the mobile device and
that the appropriate software for working with
the scanner is installed.

2. Switching on the vehicle. To allow the
scanner to access the electronic control units
(ECUs), the vehicle must be turned on. For tra-
ditional internal combustion engine (ICE) vehi-
cles, it is usually sufficient to turn the key to the
“ignition” position without starting the engine.
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In the case of electric or hybrid vehicles, the
vehicle should be set to “Ready” mode.

To avoid excessive load on the electrical sys-
tem during diagnostics, it is recommended to
turn off auxiliary energy consumers such as
headlights, audio systems, and air conditioning.

3. Vehicle identification. After establishing
the connection between the OBD-II scanner and
the vehicle, it is necessary to select the make,
model, and configuration of the vehicle. This
allows the software to properly detect available
electronic units and correctly interpret diagnos-
tic data.

Many modern scanners support automatic
reading of the VIN (Vehicle Identification
Number), which greatly simplifies the identifi-
cation process. If automatic detection fails, the
user can enter the VIN manually.

4. Performing diagnostics and reading er-
ror codes. At this stage, the software offers a
choice of scanning mode. Some scanners allow
analysis of individual control units (e.g., only
the engine or battery system), while others sup-
port full scanning of all accessible electrical sys-
tems.

The scanning process may take from a few
seconds to several minutes, depending on the
vehicle's make and model. Upon completion, the
screen displays DTCs (Diagnostic Trouble
Codes) that indicate identified faults.

Error codes can vary in severity:

— Temporary faults — may disappear after
restarting the engine;

— Permanent faults — indicate serious issues
requiring correction;

— Stored faults — contain information about
previously occurred malfunctions.

5. Analyzing the results. The DTCs obtained
during the scan must be interpreted correctly, as
the same error may have different root causes.
Some codes indicate a specific faulty component,
while others require further analysis.

For example, if the scanner reports an oxy-
gen sensor fault, it doesn’t necessarily mean the
sensor is broken. It may result from damaged
wiring, an exhaust leak, or a faulty catalytic
converter. Therefore, for more accurate diagnos-
tics, it is necessary to additionally check the sen-
sor’s real-time operating parameters.

6. Real-time parameter monitoring. In ad-
dition to reading error codes, most OBD-II
scanners support viewing live data from the ve-
hicle. This includes:

— Battery charge level,

— Voltage and current in various power cir-
cuits;

— Temperature of electrical system compo-
nents;

— Operating pressure in braking and air
conditioning systems.

Such monitoring helps detect hidden faults
that have not yet triggered error codes but may
affect vehicle performance. For instance, if an
electric vehicle loses power and the scanner
shows no active faults, it is advisable to check
the high-voltage battery voltage and the inverter
temperature.

7. Error correction and result verification.
After diagnostics and elimination of detected
faults, it is necessary to clear the DTCs. This
helps determine whether the problem has been
resolved or if the error will reappear after some
driving time.

If the codes do not reappear after being
cleared, the vehicle is functioning correctly. If
the same fault reoccurs, diagnostics should be
repeated, and hidden causes investigated.

Analysis of the operation of Car Scanner
ELM OBD-II in diagnosing electric vehicles

Car Scanner ELM OBD-II is a mobile applica-
tion designed for diagnosing and monitoring the
condition of a vehicle using a smartphone or
tablet (Fig. 4).

@ N
Dashboard Live data All sensor:
=5
-
[ ] =

Diagnostic Freeze frame  Noncontinuous
trouble codes Monitors

Upgrade to Car JETTA Settings
Scanner Pro

Statistics ECU identifiers  Data recording

[Zo=TEAY

ELM connection;

ECL connection

a b
Fig. 4 — Car Scanner ELM OBD-II application:
a— app icon; b — main menu interface

It works in combination with OBD-II adapters
based on the ELM327 chip, which connect to the
car’s diagnostic port. The app supports a wide
range of features that allow users not only to ob-
tain basic information about the technical condi-
tion of the vehicle but also to perform in-depth
analysis of the vehicle’s electronic systems [23].
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The application offers an extensive set of
features that significantly expand vehicle diag-
nostic capabilities. The main functions include:

— Customizable dashboard — users can per-
sonalize the interface by adding needle gauges,
text values, or graphs;

— Additional sensor support — enables the
display of parameters not shown on the standard
vehicle dashboard;

— Expanded DTC and freeze frame database
— includes a large library of diagnostic trouble
codes (DTC) with descriptions and explanations,
as well as the ability to view sensor data at the
moment the fault occurred;

— Self-diagnostics of ECUs — allows data
retrieval from the main control modules of the
vehicle and monitoring of their operation;

— Compatibility with OBD-II-compliant ve-
hicles — works with most modern cars that sup-
port the OBD-II standard;

— Preconfigured connection profiles for var-
ious car brands — simplifies setup for specific
car models;

— Trip computer functionality — Car Scan-
ner can act as a trip computer, showing fuel or
energy consumption data;

— Emission analysis — assesses the level of
pollutant emissions;

— Head-Up Display (HUD) mode — allows
dashboard data to be projected onto the wind-
shield for more convenient driving visibility;

— Bluetooth and Wi-Fi adapter support —
provides flexibility in choosing a connection
method.

In addition to its core features, the app also
offers enhanced functions that make diagnostics
more convenient and efficient:

— Flexible interface customization — users
can create multiple pages with custom indicator
sets and define their appearance;

— Advanced features for specific car brands
— some connection profiles provide extended
functionality for Toyota, Mitsubishi, GM, Opel,
Vauxhall, Chevrolet, Nissan, Infiniti, Renault,
Hyundai, Kia, Mazda;

— Real-time monitoring — enables tracking
of all key indicators on a single screen, includ-
ing voltage, current, pressure, temperature, and
other critical parameters;

— Freeze frame analysis — allows viewing of
sensor data at the time a fault occurred;

— Diagnostic session logging — users can re-
view the history of checks and analyze changes
in vehicle parameters over time.

Since the range of available parameters de-
pends on the specific vehicle model and its
ECU, the app’s capabilities may vary. For the
most accurate analysis, it is recommended to use
compatible ELM327-based adapters and verify
function support for the specific car model.

Conclusions

The conducted research confirmed that the use
of OBD-II for electric vehicle diagnostics is ef-
fective but has certain limitations. This technol-
ogy enables the acquisition of important diag-
nostic information and monitoring of the condi-
tion of key vehicle components; however, it re-
quires further improvement to enhance the accu-
racy of the obtained data. In the future, integrat-
ing OBD-II with more precise data processing
algorithms and combining it with other diagnos-
tic technologies may significantly improve the
quality of technical condition monitoring for
electric vehicles.
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JiarHocTuka ejleKTpoMoOiniB 3a 10mOMOro
OBD-II: npuHUMITH, MOKINBOCTI Ta NePCIIEKTHBH

Anomayin. Ilpoonema. 3pocmanns  Kinbkocmi
enekmpomobinie  eumazae  eQeKmueHux Memooie
ixHbol OiacHocmuxu, aoddce MpaAOUYitHi NiOX0Ou,
pO3poOAeHi Ol MPAHCNOPMHUX — 3aco0ié i3
ogueyHamu  GHympiuinb020 3eopauHa  ([B3), He
3a62c0U  NiOX00amv 0Nl eAeKMPOMPAHCHOPNLY.
OOnuM 13 KIOYOBUX THCMPYMEHMIE OiAeHOCMUKU €
OBD-II, saxuii 0ozeonse ompumysamu iHpopmayio
npo cmawn erexmpocucmem asmomodinsi. Ilpome
MOYHICMb ~ mMa  OOMEJNCEHHA — Yb020  Memooy
nompebytoms ~ OdemanvHoeo  ananzy.  Mema.
Locnioumu mooicnusocmi suxopucmanns OBD-II ona
OIAZHOCMUKU eNeKMPOMODLNIE WSIXOM AHANI3Y 11020
@yHKyionareHo20  nomewnyiany, — ocobdugocmel
3YUMy6anHs ma IHmepnpemayii OaHux, a MAaKoxtc
OYIHKU 0OMedNCeHb Yb020 Memoody y NOPIGHSHHI 3
iHwuMu diaenocmuynumu nioxooamu. Memoodonozis.
Ilposedeno ananiz QyHKYioHanbHUX MONCIUBOCTHEU
OBD-Il  ons  oiaenocmuxu  enexmpomoodinis.
Buxonano excnepumenmanvny oyinky mouHocmi
Ooanux, ompumanux 3a oOonomoeoro OBD-II, y
pesicumi  peanvnoco  uwacy.  Ilpoamanizosano
OlacHOCMUYHI napamempu 8UCOKO8OIbMHOI bamapei,
iH6epmopa ma eiekmpoosuUsyHd, a Mmaxodlc OYIHEeHO
eghexmueHicmo EHep2OCTIONCUBAHHSL ma
pexkynepamusnozo  eanrbmyeanns.  Pezynemamu.
Hocnioocenns niomeepouno, wo OBD-II 0oszsonse
ompumyeamu  8axciu6l  OlaeHOCMUYHI  OaHi Npo
enekmpomobinL,  30Kkpema npo  cmam  bamapei,
eneKxmpoosucyna ma iHwux Komnowenmis. OOHax
BUABLEHO 00OMEdICeHHs, NOB8 A3AHI 3 HENOGHOMOI0

OesIKUX napamempie, 0cooIuUso wooo OANAHCYBAHHS
ocepeokie bamapei. ILle mooice enausamu Ha
MOYHICNG OYIHKU CMAHY SUCOKOBOIbMHOL bamapel
ma ii 3anuurogoi emmocmi. Opucinanvuicms. Y
cmammi npoeedeHo KOMNJIEKCHUTL auanis
3acmocy8anms OBD-II onst MOHIMOpuHey
enekmpomooinis, wo BIOPI3HAEMbCA 6i0
mMpaouyiiHux nioxoois, OPIEHMOBAHUX Ha
asmomobini 3 J[B3.  QOuineno  mooicnueocmi
O0IacHOCMUKU ~ OCHOBHUX — eNleKmpocucmem y
DPeanvHoMy uaci. Ilpakmuuna WinHicmo.
Pesynomamu  moocymv  6ymu  Kopuchumu 0
6/IACHUKIB enexmpomooinis, AKI bascaioms
CAMOCMIUHO  KOHMPOMIOBAMYU — MEXHIYHUL  CMman
mpancnopmuozo  3acoby, a  makoxc O
asmocepsicis, ujo euxopucmosgyromo OBD-II y ceoili
npaxmuyi. Inmeepayis OBD-II 3 0Oinour mounumu
aneopummamu 00poOKU OAHUX MOdice NOKPAUWUMU
eghexmueHicmo 0iazHOCMUKYU eeKMmpPOMOOLLE.

Knrouosi cnosa: OJiacnocmuxa enekmpomooinis,
OBD-II, cman 6amapei, mowimopure y peaibHOMY
uaci, Car Scanner ELM OBD-II, koou nomuiox,
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