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Abstract: ECU reprogramming is now a vital tool for rider personalization, emissions control, and performance enhancement
thanks to the growth of motorbike electronic control systems. The development of the motorcycle’s electronic control system has
made the reprogramming of the ECU very popular. This paper summarizes current research on ECU reprogramming in bikes,
comparing OEM and aftermarket ECUs across functional domains such as safety, dependability, emissions, and tunability.
Aftermarket ECUs provide tuners significant control over engine settings, but OEM ECUs are superior in terms of integration
and regulatory compliance. Experimental data and real-world investigations are utilized to examine trade-offs and differences in
use cases.
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L. INTRODUCTION
Motorcycle Electronic Control Units (ECUs) govern engine parameters, including ignition timing, air-fuel mixture, and throttle
mapping. The ECU can be considered the brain of the bike, while the heart of the bike is called the engine. The ECU takes inputs
from various sensors, processes them, and sends out a signal to the concerned electronic components to act upon it. In the same way,
our brain detects smell, sight, and sound and acts via our legs, arms, fingers, and such [1]. Enthusiasts and professionals reprogram
these systems for:
o Improved performance, such as torque and power
o Fuel efficiency
e  Emissions reduction
e Track day or race optimization

A. OEM Motorcycle ECUs

An OEM (Original Equipment Manufacturer) ECU (Engine Control Unit) in a motorcycle is the brain of the bike’s engine
management system, controlling various functions like fuel injection, ignition timing, and more. It’s preprogrammed by the
manufacturer to optimize performance and emissions for the specific motorcycle [2]. OEM ECUs are engineered to control various
engine parameters, such as fuel injection rates and timing, which directly influence power output and torque[3]

1) Design Philosophy

The design philosophy of OEM ECU prioritized [4]:

o Reliability, safety, and performance within a complex, integrated system

e Compliant with EURO 5/ BSVI and other emission regulations

o Embedded security features like checksum validations, encryption

2) Strengths

e OEM ECUs include safety measures and diagnostics to monitor engine performance and ensure reliable operation. Legal and
emissions compliant[5]

o Intelligent control units enable data logging for performance analysis, enhancing motorcycle handling and safety across diverse
riding conditions[6]

3) Limitations
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e Restricted access (often locked).[7]

e Requires specialized tools and dealer authorization.[8]

e  Customization is minimal (unless using OEM” race Kits”).[9]

e Can not adapt to hardware modification (e.g., aftermarket exhaust) [10]

B. Aftermarket ECUs:

Aftermarket ECUs in motorcycles are used to enhance performance by modifying engine parameters such as power, torque, and fuel

efficiency. These modifications can lead to significant improvements in motorcycle performance, but they also come with trade-offs,

particularly in terms of emissions and fuel consumption[11]

1) Design Philosophy

e The aim is to provide users with the ability to fine-tune engine parameters for specific needs, whether it's for racing, modified
engines, or achieving optimal fuel efficiency. [12]

o Developed for track or custom builds (e.g., Haltech, Power Commander, etc.)

o Allow full control over ignition, fuel maps, rev limits, and throttle behavior.

2) Advantages

e High tunability.

e Adaptable to performance modifications (e.g., open exhaust, high lift cams)
e Enables data logging, launch control, quick shifter control, etc.

3) Drawbacks

e  Often not street legal

e Weak or absent cybersecurity features.[13]

e May lack integration with OEM safety systems like ABS and ride-by-wire [14]

1. LITERATURE REVIEW
Esposito, D. (2017) [15]addresses the calibration of torque models for the motorcycle internal combustion engine (ICE). This
focuses on developing a simplified torque-based model to predict engine behavior and response accurately. Utilizing MATLAB,
how to extract key data points, such as minimum and extra minimum spark advance, from dynamic spark advance sweeps. The
resulting model achieves a high coefficient determination, indicating strong predictive accuracy. The study underscores the
importance of precise torque model calibration in enhancing engine performance and efficiency. By providing a reliable method for
calibrators to assess and verify ECU supplier calibrations, the research contributes to the development of more efficient and
responsive motorcycle engines. Albaladejo-Hernandez et al. (2020)[16] In this paper, the authors examined the effects of ECU
configurations, exhaust system design, and catalyst type on motorcycle emissions under controlled driving conditions. The goal of
the study was to determine how variation in electronic engine control settings and physical exhaust components impacts the
concentrations of controlled pollutants. Kamil and Fachrizal (2021)[17] examined the impact of reprogramming the ECU on the
torque and power output of the Honda CRF 150 motorcycle (2018 model year), comparing it to the standard ECU Configuration.
Standard max torque and power are 13.7 N - m at 4700 rpm and 9.2 KW at 7200 rpm, and after reprogramming the ECU, the max
torque and power become 17.1 Nm at 5700 rpm (80% increased) and 12.1 kW at 7200 rpm (76% increased), respectively. This study
reinforces the potential of aftermarket ECU tuning and serves as a strong basis for comparing OEM vs. custom ECU performance,
especially in terms of torque and power outputs. Purwanto et al. (2024) [18] The objective of this paper is to determine how a
combination of ignition timing degrees, injector opening timing, and fuel types affects key emissions metrics in motorcycle engines.
Used a fuel-injected (FI) motorcycle with a programmable ECU to conduct an experimental investigation to examine the effects of
fuel type modifications, ignition time, and injector timing on regulated exhaust emissions, notably CO, CO,, and HC. lkhwan et al.
(2025)[19] Conducted an experimental study to evaluate the impact of ignition timing adjustments using a programmable ECU on
the power and torque characteristics of a fuel-injected (FI) motorcycle. Their research focused on a 2015 Honda Beat FI motorcycle
equipped with a BRT programmable Electronic Control Unit (ECU).
1. COMPARATIVE TABLE
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Feature OEM ECU Aftermarket ECU
Performance Gains Moderate (sage margin) High (custom maps)
Reliability High Variable

Strong encryption
Security Often none

Fully compliant

Legal Compliance Usually no complaint
Low
Customizability Very High
Diagnostics Full OBD-II Varies by model

V. LEGAL AND SAFETY CONSIDERATIONS
A. Legal Compliance
Motorcycles must adhere to regional emission and safety standards:
OEM ECU:
o Describes safety integration and reliability of OEM ECUs[20]
e Highlights limited tunability and strong baseline safety of OEM ECUs[21]
e Passall on-road inspection tests.
e Legal for public road use.[22]

Aftermarket ECUs:

e Often disable emission-related components:
a. Oxygen sensors

b. Exhaust gas recirculation (EGR)

c. Secondary air injection

Frequently lack certification for road use.[23]
e May void the manufacturer's warranties.
e Can result in fines or confiscation if used on public roads.

B. Safety Risks

Tuning affects more than speed; it can disrupt critical systems.
OEM ECUs:

e Include full safe mechanisms and sensor validation logic. [24]
e Calibrated to maintain engine longevity and rider safety.

e Integrated with

¢ ABS

¢ TCS

¢ Ride-by-wire systems
Aftermarket ECUs:
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e Provide tuners access to ignition timing, fuel injection, throttle maps, but without OEM safety validation.

e May inadvertently:

¢ Overheat the engine

+ Damage sensors or catalytic converters

+ Cause throttle surges, misfires, or stalling

Some do not support diagnostics (OBD-I1), reducing fault detection ability, and also incorrect tuning can lead to engine failure
or loss of rider control, especially under high loads or wet conditions.

V. FUTURE TRENDS
1) Hybrid ECUs combining OEM safety with aftermarket tunability.
2) Secure tuning protocols to prevent unauthorized changes.
3) Use of Al-based autotuning algorithms for dynamic reprogramming.
4) Standardization around OTA updates for motorcycle ECUs

VI. CONCLUSION
Reprogramming a motorcycle’s ECU has noticeable performance and tuning advantages. While aftermarket ECUs are designed for
racing and high-performance applications, OEM ECUs place a higher priority on safety, diagnostics, and emissions compliance. The
user’s intent for daily commuting vs track tuning and awareness of the potential legal ramifications will determine which option
they choose .
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