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Abstract

Modern passenger vehicles rely on distributed electronic control architectures in which the Engine Control Module (ECM)
and Body Control Module (BCM) play central roles in powertrain management, ignition authorization, and body-function
coordination. Understanding the internal electrical organization of these modules is essential for diagnostic engineering,
electronic system integration, and development of auxiliary vehicle-control solutions.

This study presents a comparative structural analysis of ECM and BCM systems implemented in Chevrolet Tracker and
Chevrolet Onix vehicles equipped with the common 1.2 L turbocharged engine platform. The research was conducted
through detailed connector-level and pin-level investigation of ECM connector groups X1 and X2 and BCM connector
groups X1-X8. Particular attention was given to ignition-related signals, communication pathways, relay-control circuits,
and body-condition monitoring functions relevant to engine-start authorization.

The results demonstrate a high degree of architectural similarity between both vehicle platforms, confirming the use of a
unified General Motors electronic framework. At the same time, several model-specific differences were identified,
including clutch-position sensing, brake-signal architecture, selective sensor-reference redistribution, and BCM
adaptation associated with rear body-function implementation. These findings confirm the feasibility of developing unified
auxiliary control solutions while accounting for limited model-dependent electrical variations.
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1. Introduction on coordinated digital communication between multiple
controllers to manage powertrain operation, safety
systems, user access, and comfort-related functions.

Among the most important electronic units in this
control systems into highly distributed networks of architecture are the Engine Control Module (ECM) and
specialized electronic modules [1], [2]. Unlike the Body Control Module (BCM). The ECM is
conventional mechanical systems, modern vehicles rely responsible for combustion management, ignition timing,

The increasing complexity of modern automotive
electronics has transformed the architecture of vehicle
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fuel delivery, and overall engine performance, while the
BCM supervises body-related electronics, ignition-state
transitions, safety verification, and access authorization
(3], [4].

For engineering applications involving diagnostics,
retrofit solutions, or development of non-invasive remote-
start systems, understanding the internal structure and
signal distribution of these modules is essential.
Chevrolet Tracker and Chevrolet Onix provide an ideal
comparative platform for such investigation, since both
vehicles utilize the same 1.2 L turbocharged engine and
share a common General Motors electronic architecture.
However, variations in vehicle body design and
transmission configuration may introduce functional
differences in module implementation.

The objective of this study is to investigate the connector
and pin structure of ECM and BCM systems in both
vehicles and to identify architectural similarities and
differences relevant to vehicle-control engineering.

2. Materials and Methods

The study was performed using a practical engineering
approach involving direct analysis of ECM and BCM
electrical interfaces, systematic pin classification,
functional signal verification, and comparative
assessment of inter-module communication architecture.
The investigated modules included:

. Engine Control Module (ECM K20)

0 Connector X1

0 Connector X2

. Body Control Module (BCM K9)

0 Connectors X1-X8

Each pin was classified according to functional category,
including:

. ignition-control signals;

. engine-start authorization circuits;

. fuel-system control;

. sensor-reference lines;

. communication interfaces (CAN/LIN);
. body-condition monitoring;

. brake and clutch verification;

. actuator-control outputs.

Following individual module investigation, comparative
analysis was performed between Chevrolet Tracker and
Chevrolet Onix to determine shared electrical architecture
and model-specific deviations.

3. Results and Discussion

3.1. ECM Structural Analysis

The ECM in both vehicles utilizes two primary
connectors, X1 and X2, responsible for engine operation
and engine-start execution.
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ECM Connector X1

Connector X1 was identified as the primary operational
interface of the ECM.

Critical ignition-control signals include:

. X1-11: Ignition Control 2
. X1-12: Ignition Control 3
. X1-27: Ignition Control 1
. X1-26: Ignition Control Low Reference

These signals directly control ignition-coil operation and
spark generation.
Engine-start-related functions are supported by:

. X1-70: Starter Enable Relay Control
. X1-69: Powertrain Relay Coil Control
. X1-52: Run/Crank Ignition 1 Voltage

These circuits initiate starter activation and energize
essential engine systems [3].

Fuel delivery is controlled through:

. X1-51: Fuel Pump Primary Relay Control
Communication with other vehicle modules occurs

through:
. X1-44: AUTOSAR CAN Bus [-]
. X1-64: AUTOSAR CAN Bus [+]

Additional sensor inputs include airflow, temperature, and
camshaft-position signals, while throttle and turbocharger
management are performed through dedicated actuator-
control lines.

ECM Connector X2

Connector X2 complements X1 through injector
management and engine-synchronization sensing.

Major functional groups include:

. Fuel injector control;

. Crankshaft and camshaft position sensing;
. Throttle-position feedback;

. Intake pressure monitoring;

. Park/Neutral transmission verification.

Signals such as Transmission Park/Neutral Signal (X2-33)
contribute directly to safe engine-start authorization.

3.2. BCM Structural Analysis

The BCM wuses eight connectors (X1-X8), each
responsible for specific body-control domains.
Ignition-State Management

Critical BCM ignition signals include:

. Run Relay Coil Control

. Run/Crank Relay Coil Control

. Off/Run/Crank Ignition Voltage

. Ignition Mode Switch Mode Voltage
. Accessory Ignition Voltage

These signals collectively determine transitions between
OFF, ACC, RUN, and CRANK states [4].
Safety Verification
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BCM continuously evaluates safety conditions through:

. Brake pedal signals;

. Hood-status signals;

. Door and liftgate status signals;
. Steering-column lock status;

. Park-lock solenoid control.

These inputs are essential for engine-start permission.
Communication and Access Control

Multiple CAN and LIN communication lines ensure
synchronization between BCM, ECM, and peripheral
systems. Passive-entry antenna circuits provide keyless-
access authentication.

Actuator Control

BCM also manages body-related actuators, including:

. door locks;

. lighting systems;

. horn;

. windshield wipers;

. rear wiper systems.

3.3. Comparative Analysis: Chevrolet Tracker vs
Chevrolet Onix

Structural Similarities
The comparison revealed substantial architectural
consistency between both vehicles:

. identical ECM connector configuration;

. identical BCM connector structure;

. common ignition-control logic;

. identical ~ starter and powertrain  relay
architecture;

. identical CAN communication pathways;

. shared throttle and turbocharger control systems.

These findings confirm platform-level standardization
across both models [2].

Structural Differences

Despite overall similarity, several differences were
identified.

Clutch Sensor Integration

Chevrolet Onix includes:

. X1-8: Clutch Pedal Position Sensor Signal

This signal is absent in Chevrolet Tracker and supports
manual-transmission variants.

Brake Signal Separation

Chevrolet Onix uses dedicated brake-sensor reference and
signal lines, providing improved diagnostic precision
compared with the more integrated brake-signal structure
of Chevrolet Tracker.

Sensor Reference Redistribution

Several ECM pins were reassigned in Chevrolet Onix,
reflecting selective adaptation of sensor-support
architecture.
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Rear Wiper and Rear Washer Functions

A notable BCM difference relates to rear body
functionality.

Chevrolet Tracker, configured as an SUV with a rear
liftgate, includes:

. X3-17: Rear Wiper Signal

. X7-10: Rear Window Wiper Motor Control
These signals support rear-window visibility functions.
Chevrolet Onix, configured as a sedan, does not require
rear-wiper functionality. Equivalent BCM channels are
either unassigned or reallocated to alternative tasks.

This variation reflects adaptation of a common electronic
platform to different body configurations while preserving
overall compatibility.

4. Conclusion

This study presented a comparative structural
investigation of ECM and BCM architectures in Chevrolet
Tracker and Chevrolet Onix through connector-level and
pin-level functional analysis.

The results confirmed that both vehicles share a highly
standardized General Motors electronic platform,
particularly in ignition-control pathways, communication
architecture, and engine-start logic. Such similarity
supports development of unified auxiliary electronic
solutions, including non-invasive remote engine-start
systems.

At the same time, several targeted differences were
identified, including clutch-position sensing, brake-signal
implementation, and BCM adaptation associated with rear
body-function requirements.

These findings demonstrate how shared automotive
electronic platforms can maintain engineering consistency
while allowing selective adaptation to model-specific
functional requirements.
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