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Abstract

Road transportation in hilly regions poses significant safety challenges due to steep gradients, sharp
curves, and varying road conditions. Conventional braking systems rely heavily on driver response,
which may be insufficient in critical situations, leading to accidents such as vehicle rollback or loss of
control during descent. This paper presents a Safety Auto Brake System (SABS) based on a Micro-
Electro-Mechanical System (MEMS) sensor for real-time slope detection and automatic braking control.
The MEMS sensor, acting as an accelerometer, continuously measures tilt and acceleration along
multiple axes and transmits data to a microcontroller for processing. Based on predefined threshold
values, the system automatically activates the braking mechanism under unsafe conditions. The
proposed system effectively prevents rollback during uphill starts and controls vehicle speed during
downhill motion, thereby enhancing stability and safety. The integration of MEMS technology offers
advantages such as high sensitivity, fast response, compact size, and low power consumption.
Additionally, the system reduces driver workload and can be implemented using cost-effective
components, making it suitable for both new vehicles and retrofitting applications. Experimental
analysis indicates that the proposed system significantly improves vehicle control and reduces accident
risks in hilly terrain. Future work may include integration with advanced driver assistance systems and
adaptive control techniques for improved performance.

Introduction

Road transportation plays a vital role in modern society, enabling the movement of people and goods
across diverse geographical regions. However, driving conditions in hilly and mountainous areas are
significantly more challenging compared to the plains. Factors such as steep slopes, sharp turns, narrow
roads, and unpredictable weather conditions increase the likelihood of accidents. Among these, one of
the most critical issues is maintaining proper control of the vehicle during uphill and downhill driving.

In conventional vehicles, braking systems are entirely dependent on driver input. During uphill starts,
drivers often face the problem of vehicle rollback due to insufficient engine torque or delayed clutch
engagement. Similarly, while driving downhill, continuous braking may lead to brake overheating and
reduced efficiency, increasing the risk of accidents. These challenges are further intensified by driver
fatigue, lack of experience, or delayed reaction time in critical situations.

To overcome these limitations, modern automotive systems are increasingly incorporating automation
and intelligent control mechanisms. One such advancement is the use of Micro-Electro-Mechanical
Systems (MEMS) sensors, which are capable of detecting motion parameters such as acceleration, tilt,
and orientation with high precision. MEMS sensors are compact, cost-effective, and widely used in
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automotive safety applications, including airbag deployment systems, electronic stability control, and
navigation systems.

The concept of a Safety Auto Brake System (SABS) integrates MEMS sensor technology with a
microcontroller-based control unit to enable automatic braking in unsafe conditions. The MEMS sensor
continuously monitors the vehicle's inclination by measuring acceleration along different axes. This data
is processed in real time to determine whether the vehicle is on an uphill slope, a downhill slope, or a
flat surface. When the system detects conditions such as excessive tilt or unintended backward
movement, it automatically activates the braking mechanism to stabilise the vehicle.

The proposed system aims to reduce dependency on driver reaction and enhance overall vehicle safety,
especially in hill station environments. It assists uphill starts by preventing rollback and supports
controlled descent by regulating speed through automatic braking. Additionally, the system is designed
to be simple, cost-effective, and suitable for implementation in both new and existing vehicles.

This paper focuses on the design, implementation, and analysis of a MEMS sensor-based Safety Auto
Brake System. The study highlights the working principle, system architecture, advantages, and
potential applications of the proposed model. By incorporating automation into the braking system, the
research aims to contribute to safer and more reliable transportation in challenging terrain.

Literature Review

Vehicle safety on hill roads has been widely studied due to the high risk of accidents caused by steep
slopes and vehicle rollback. Researchers have proposed different methods over time to solve this
problem, ranging from manual techniques to fully automated systems.

In earlier days, drivers relied on manual control using the handbrake and clutch to prevent rollback on
slopes. This method requires good driving skills and precise coordination. Many studies have pointed
out that improper handling by drivers often leads to accidents, especially in heavy traffic or on steep
inclines. Therefore, reducing driver dependency became an important research focus.

To overcome these limitations, modern vehicles introduced Hill-Hold Control (HHC) systems. These
systems automatically hold the brake for a few seconds after the driver releases it, giving enough time
to accelerate without rollback. HHC is usually integrated with advanced systems like Electronic Stability
Control (ESC). Although effective, these systems are expensive and involve complex components such
as hydraulic units and multiple sensors. This makes them unsuitable for low-cost vehicles.

With the development of embedded systems, researchers started using MEMS (Micro-Electro-
Mechanical Systems) sensors for detecting vehicle inclination. MEMS accelerometers are small, low-
cost, and capable of measuring tilt accurately. Several studies show that these sensors can detect slope
angles in real time, making them useful for automotive safety applications.

Recent research focuses on combining MEMS sensors with microcontrollers to create automatic braking
systems. In these systems, the MEMS sensor continuously monitors the vehicle’s tilt. When the slope
exceeds a certain limit or rollback is detected, the microcontroller activates the braking mechanism.
These systems are simpler and more affordable compared to traditional automotive safety systems.

However, some challenges have been identified in MEMS-based systems. Sensor readings can be
affected by noise and vibrations, which may reduce accuracy. To solve this, researchers suggest using
filtering techniques and proper calibration. Some advanced approaches also combine accelerometers
with gyroscopes to improve accuracy, but this increases system complexity and cost.
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Working Principle

The working principle of the proposed Safety Auto Brake System for Hill Stations using a MEMS sensor
is based on real-time detection of vehicle inclination and automatic activation of the braking mechanism
to prevent rollback or uncontrolled movement on slopes. The system continuously monitors the vehicle’s
orientation and responds instantly when unsafe conditions are detected.

A. Basic Principle of Operation

The system operates on the principle that a MEMS accelerometer can measure acceleration due to
gravity along multiple axes. When a vehicle is on a flat surface, the gravitational force is evenly
distributed across the sensor axes. However, when the vehicle is on an incline (uphill or downhill), the
distribution changes. This change is used to calculate the tilt angle of the vehicle.

By analysing this tilt angle, the system can determine whether the vehicle is in a stable condition or at
risk of rolling backwards on a slope.

B. Role of MEMS Sensor

The MEMS accelerometer is the primary sensing element in the system. It continuously measures
acceleration values along the X, Y, and Z axes.

. On flat ground: Sensor outputs remain balanced.
. On an incline: There is a variation in acceleration values.

. During rollback tendency: Sudden changes in acceleration are detected.

C. Signal Processing and Decision Making

The microcontroller acts as the brain of the system. It receives analogue/digital signals from the MEMS
sensor and performs the following operations:

1. Reads real-time acceleration data from the MEMS sensor

2. Converts sensor data into tilt angle using mathematical calculations
3. Compares the calculated angle with a predefined safety threshold
4.  Detects conditions such as:

0 Safe stationary condition o~ Uphill
slope condition

0 Downhill rollback condition

If the tilt angle exceeds the safe limit or if backward motion is detected, the system interprets it as a
potential risk condition.
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D. Automatic Braking Mechanism

When the microcontroller identifies a dangerous condition, it immediately sends a control signal to the
motor driver circuit or braking actuator.

The braking process works as follows:

. The control signal activates the braking motor or solenoid system
. The brake pads are applied to the wheels

. Vehicle motion is restricted to prevent rollback

. The braking force is maintained until the vehicle regains stability

Once the vehicle becomes stable and the sensor readings return to safe values, the microcontroller
gradually releases the braking system.

E. Control Logic Flow

The system follows a continuous monitoring loop: 1.
Start system initialisation

2. Read MEMS sensor values

3. Calculate tilt angle in real time

4.  Compare with the threshold value

5.  If an unsafe condition is detected — Activate the brake

6.  If safe condition restored — Release brake

7. Repeat continuously for real-time response

This loop ensures that the system operates without delay and provides continuous safety support.

F. Real-Time Working Scenario

Consider a vehicle stopped on a steep hill:

. When the driver releases the brake pedal, the MEMS sensor immediately detects the slope angle.
. If the vehicle starts rolling backwards due to gravity, the sensor registers a change in acceleration.
. The microcontroller processes this change within milliseconds.

. The braking system is automatically activated, stopping the vehicle from moving backwards.

. Once the driver accelerates and the vehicle moves forward steadily, the system disengages the
brake.

IJCRT26A4263 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ k907


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882
G. Key Features of Working Principle

. Real-time slope detection using MEMS sensor

. Automatic decision-making using a microcontroller
. Fast response braking action

. Continuous monitoring of vehicle stability

. Minimal driver intervention required

Safety Auto Brake System on Hill Station by Using MEMS Sensor
MEMS Sensor Distance Sensor

Speed Sensor @@
Obstacle Detection

Speed Signal I
Power Supply Microcontroller
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Switch
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Tabular Result

Slope Angle (°) Sensor Output System Response Brake Status

0-10° Low Normal operation OFF

10 - 20° Moderate Speed monitored OFF

20 - 25° High Warning condition Partial braking
> 25° Very High Critical condition Brake ON

MEMS Sensor Output Variation with Slope Angle

Slope Angle (°) Sensor Output (V approx.)

0° 05V
10° 1.2V
20° 20V
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25° 2.5V (Threshold)
30° 3.0 V (Brake Active)
Advantages

Prevents vehicle rollback on slopes
Reduces driver effort

Low-cost and compact system
Real-time response

Can be integrated into existing vehicles

Results and Discussion

The system was tested under different slope conditions. Results show that:

) Brake activation occurs accurately at predefined angles
° System responds in real-time

° Vehicle speed reduces automatically on steep slopes
Limitations

° Depends on sensor accuracy

° Requires calibration

° Not suitable for extreme weather without protection

Future Scope

° Integration with 10T for remote monitoring

) Use of Al for predictive braking

° GPS-based slope mapping

° Integration with ABS (Anti-lock Braking System)
Conclusion

The proposed Safety Auto Brake System using MEMS sensors demonstrates a practical and scalable
approach to enhancing vehicle safety in challenging hill station environments. By continuously
monitoring vehicle inclination and motion, the system intelligently identifies unsafe driving conditions,
such as steep gradients, sudden changes in acceleration, or potential rollbacks. The automatic braking
response significantly reduces the dependency on driver reaction time, which is often a critical factor in
accident scenarios on hilly terrain.

One of the key strengths of this system lies in its simplicity and cost-effectiveness. Unlike complex and
expensive safety mechanisms, integrating a MEMS accelerometer with a microcontroller offers a
lightweight, efficient solution that can be easily implemented in both existing and new vehicles. The
real-time processing capability ensures quick decision-making, thereby minimizing the risk of accidents
caused by delayed braking.

Experimental observations indicate that the system performs reliably under various slope conditions,
maintaining stability and preventing uncontrolled vehicle movement. This makes it particularly
beneficial for inexperienced drivers or in situations involving heavy traffic on narrow hill roads.
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Additionally, the system contributes to reduced wear and tear of manual braking components by
optimizing braking operations.
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