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Abstract 

As the global automotive industry transitions toward electric mobility, optimizing energy 

efficiency and driving range remains a primary engineering challenge. The regenerative 

braking in electric vehicle (EV) assists conversion of the kinetic energy into electric energy 

which in-turn charges the battery. This action is serves to increase the travel range of the vehicle 

per charging. The traditional RBS setups often suffer from minor delays and inefficiencies in 

blending mechanical and regenerative braking forces, which can compromise energy recovery. 

The effectiveness of regenerative braking in EVs depends on various operating factors such as 

vehicle speed, road and terrain conditions, traffic density, and the driver's driving behaviour. 

This paper discusses design, development and implementation of a novel sensor array for 

regenerative braking assisting for EV. The sensor processes the data of sensor array comprising 

of sensing devices for speed, terrain, brake switch, accelerator, gyro and brake paddle pressure. 

A dedicates control algorithm processes this data and along with SOC of the battery to enable 

the regenerative braking as well as control the strength of regenerative braking. The 

experimental results are presented by installing this developed sensor on a customised electric 

bike which shows 6% more energy recovery in comparison with conventional non dedicated 

regenerative braking sensor assisted system.  
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I. Introduction  

The global automotive sector is undergoing a massive paradigm shift toward sustainable 

transportation, driven by the critical need to curb greenhouse gas emissions and reduce fossil 

fuel dependency. EVs have emerged as the primary alternative to conventional internal 

combustion engine vehicles due to their zero tailpipe emissions, low noise profiles, and high 

tank-to-wheel energy efficiency [1]. Despite these environmental and architectural advantages, 

driving range anxiety and high cost of large-capacity battery packs are barring the widespread 
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adoption [2]. To overcome these challenges, engineers are focusing on maximizing on-board 

energy conservation through intelligent subsystems. The regenerative braking system is a 

critical technology for enhancing the travel range of EV. In traditional EVs, mechanical friction 

brakes (liners / drum / disc) are used for deceleration. In case of friction braking, the kinetic 

energy of moving vehicle is lost to the environment in the form of heat [3]. The motors used in 

EV are capable of producing electricity when driven with prime mover. During deceleration of 

the vehicle, the motor operates as a generator and converts kinetic energy of vehicle into 

electric power [4]. This recovered energy is subsequently routed through power converter to 

recharge the battery pack [5]. Several researchers have reported that the energy recovery 

achieved through optimized regenerative braking ranges from 8% to over 25% of the total 

energy consumption. This variation is largely determined by the driving conditions and the 

regenerative braking control technique [6 – 9].  

The implementation of regenerative braking requires careful coordination between mechanical 

braking and regenerative braking for vehicle stability, passenger comfort, and safety [10]. 

Traditional regenerative systems rely on rule-based or static lookup tables governed by coarse 

vehicle inputs like overall speed or basic throttle position [1], [6]. These methods suffer from 

severe input latency, failing to dynamically capture the driver intent at the initial moment the 

brake pedal is depressed. Consequently, a substantial portion of kinetic energy is lost during 

the transient phase of braking or the transition feels jerky to the driver, compromising ride 

quality.  

In electric two wheelers BLDC motor is commonly deployed. To incorporate the regenerative 

braking, a bidirectional power converter is demanded in the drivetrain. The power electronics 

drivetrain interface is regulated motoring and braking mode operation [11]. Essentially, a 

bidirectional DC-DC converter is implemented for efficient energy transfer during regenerative 

braking with current controller [12]. The recovered energy during vehicle movement with 

appropriate control method, converter topologies and use of storage technologies help to 

increase the energy efficiency and extend the battery life. The innovative frontiers like SiC and 

GaN for high efficiency and trends in automotive electronics [13] for EVs, AI, and GPS-based 

traffic control, and driver’s behavior model predictive [14] algorithm are also evident.  

Retrofitting in ordinary automobiles is made possible by a microcontroller-based smart 

regenerative system that employs an accelerometer, ultrasonic sensor, motor driver, and hall-

effect sensor for energy recovery [15]. For EVs and HEVs, adaptive brake control techniques 
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with real-time sensor data processing [16] appear potential for increasing range and energy 

recovery. In order to prevent collisions and accidents, autonomous braking using ultrasonic 

sensor-based obstacle detection [17] works well. Tilt and gyro sensors [18] are useful for 

determining the vehicle's orientation as well as its acceleration and deceleration circumstances. 

Regenerative braking mechanisms can be developed with the use of this sensor data [19]. 

A smart regenerative braking sensor shall integrate sensors for monitoring vehicle driving 

condition [20]. This paper discusses a novel regenerative braking assisting sensor that monitors 

the data from sensor array (speed, terrain, brake switch, battery SOC, obstacles range in front 

etc.) and assists the main EV controller for seamless transition between motoring and 

regeneration modes. The developed sensor produces flagged output for managing the strength 

of regenerative braking. The sensor array data is with time stamp is stored in EPROM memory 

that can be assessed for future diagnosis and improvements. The experimental results are 

obtained by installing the developed sensor on customised electric bike and recording the SOC 

of the battery, status flags and sensor array data.  

 

II. Practical Requirements for Regenerative Braking  

The effective implementation of a regenerative braking system requires several essential 

conditions and system components. The foremost requirement is that the vehicle must possess 

sufficient kinetic energy, as electrical energy can only be recovered while the vehicle is in 

motion. During deceleration, the rotational energy available at the wheels and axles is 

converted into electrical energy by operating the traction motor as a generator. The recovered 

electrical energy should either be supplied directly to the electrical load or stored in the battery 

for subsequent use. Consequently, regenerative braking establishes a reverse power flow from 

the electric motor to the battery, whereas during normal propulsion the power flows from the 

battery to the motor. Therefore, the power electronic converter employed in the drivetrain must 

be capable of supporting bidirectional power transfer. In addition, the converter should provide 

controllable operation in both charging and discharging modes to regulate the energy flow 

efficiently, thereby ensuring safe and effective energy recovery under varying operating 

conditions. 

In addition to vehicle momentum, operating speed plays a crucial role in the effectiveness of 

regenerative braking. For most traction motors, like PMDC, BLDC and induction motors, the 

generated EMF is directly proportional to the rotational speed when the machine operates in 
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generator mode. Consequently, efficient energy recovery over a wide speed range requires the 

power converter to operate reliably in both buck and boost modes with robust control. The 

regenerative braking capability is influenced by several real-world factors, such as driver 

behaviour, traffic conditions and road terrain. Among these, downhill driving combined with 

sufficient vehicle momentum provides the most favourable conditions for maximizing energy 

recovery, as a larger amount of kinetic and potential energy can be converted into electrical 

energy and stored in the battery. 

Regenerative braking systems must also include fail-safe mechanisms that ensure conventional 

braking remains available in the event of regenerative system failure. The regenerative system 

failures shall not compromise the vehicle's ability to meet prescribed secondary braking 

performance requirements. 

 

III. Regenerative Braking Assisting Sensor  

 

Figure 1: Block diagram of smart regenerative braking sensor 
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Figure 1 illustrates the block diagram of the proposed smart regenerative braking sensor. The 

system acquires input signals from the sensors array of speed, gyro, battery status, brake 

actuation and accelerator throttle position. These sensor signals are processed by a dedicated 

data processing unit, which analyses the operating conditions and generates seven digital flags. 

Two out of these seven flags are used for setting the current reference value of bidirectional 

converter which in-turn controls the strength of regenerative braking. Third flag is set for 

enabling or disabling regenerative braking. Fourth and fifth flag for indicating the terrain 

conditions in terms of slope or hill. And sixth and seventh flag to indicate the speed change i.e. 

increase or decrease in speed in last five seconds.  This operational status of the regenerative 

braking assisting sensor is fed to the main EV controller through serial communication. The 

technical specifications of the proposed regenerative braking assisting sensor are mentioned in 

Table 1, while the detailed operational sequence is illustrated in the flowchart of Figure 2. The 

figure 3 illustrates the interface between regenerative braking sensor and EV powertrain 

controller.  

Table 1: Specification Table  

Particulars  Description  

Controller  STM32F103C8T6 

Speed sensor  Magnetic pickup  

Tilt sensor  GYRO MPU 6050 3 axis  

Accelerator and brake  Twist throttle accelerator  

Magnetic switch  

Communication  Serial:115200  

Bluetooth: HC-05 

FLAGs  Regenerative braking ON / OFF 

Terrain (Slope / Hill) 

Speed Change (positive / negative) 

Voltage sensor Voltage divider  

Current sensor  ACS712 

SOC Estimation  Coulomb Counting  

Battery  36V 7Ah Lithium Ion Battery  

Data logging  EEPROM 

Sensor array data display  Android App - Bluetooth Electronics  
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Figure 2: regenerative braking sensor work flow 
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Figure 3: block diagram of EV control system with regenerative braking assisting sensor  

The regenerative braking assisting sensor continuously monitors the sensor array and 

determines change in speed, terrain conditions, braking and accelerating status. At first battery 

SoC estimation is done by using the data of voltage and current sensors. When the SoC of the 

battery goes below 85%, then only the regenerative braking assisting sensor is activated. In 

case the SOC greater than 85%, the regenerative braking stays disabled. This prevents the over 

voltages in lithium ion battery cells. In case when the vehicle is running on flat terrain or 

climbing up the hill, the regenerative braking sensor outputs a signal to turn off the regenerative 

braking system. In case when the vehicle in is running on the slope, running with sufficient 

speed or being decelerated, the regenerative braking assisting sensor outputs a signal for 

enabling the regenerative braking. The data of the brake liners pressure sensor is also taken as 

one of the input for determining the strength of regenerative braking. The strength of braking 

increases with increase in current drawn from the generator.  

The entire sensor array data and estimated values of speed change, braking pressure, terrain 

data, brake switch and accelerator throttle are communicated by regenerative braking assisting 

sensor to the EV controller through UART at the baud rate of 115200 bits/second. The EV 

controller processes this data for seamless transition between motoring and regeneration 

modes. The photographs of developed regenerative braking assisting sensor installed on 
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customised electric bike is shown in figure 4 and that of the installation on electric bike is 

shown in figure 6. The user interface for monitoring of the sensor array and flags is constructed 

through Android based Bluetooth Electronic App. The screenshot of this app during running 

condition is seen in figure 5.  

  

Figure 4: Photograph of electric bike with regenerative braking assist sensor installation 

 

Figure 5: Screenshot of Android Bluetooth Electronic App showing sensor data 

IV. Experimental Results  

At the start of experimentation, the EV battery is charged up to 80% i.e. a level below the 

enabling threshold level of regenerative braking. To switch between the motoring mode and 

regeneration mode, the data of accelerator and brake switch is considered. The regenerative 

braking is enabled only if the accelerator is completely off. The actual speed of the vehicle is 

also clubbed to this primary condition and the developed sensor processes the actual speed and 
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change in speed over a sample time of 3 seconds. The sampling times for each of the parameter 

responsible for regenerative braking is mentioned in table 2.  

Table 2: Sampling periods of sensor parameters 

Parameter 
Sampling Period 

(Seconds) 
Signal Purpose 

Accelerator Throttle  0.5 Transition from motoring to regeneration  

Brake switch  0.5 Transition from motoring to braking  

Speed  3 Quantifies actual deceleration rate 

Speed Change  3 Quantifies actual deceleration rate 

Terrain / Tilt 1 Road inclination 

SOC  5 Safety gate to prevent overcharging  

Flags  1 Indication of sensor array operating 

conditions and control signal to EV 

controller  

 

The system of customised electric bike with regenerative braking sensor array was subjected 

to a practical on road testing conditions. This on road testing included the charging of battery 

to 80% SOC level and then running the vehicle with conventional controller system and 

developed system of EV controller integrated with regenerative braking assisting sensor array 

for a distance of 10 km. It is to be noted that in both the cases of experimentation, the same 

speed was maintained throughout the range in each case. The experimentation was repeated for 

five times and average observation results are mentioned in table 3 for conventional controller 

system and table 4 for the developed system of smart regenerative braking assisting sensor 

array integrated with EV controller.  

The conventional EV controller takes inputs from brakes, accelerator and actual speed to enable 

or disable the regenerative braking. The table 3 shows the observations during the 10 km run 

of the bike. The status of accelerator, braking, battery SOC and regenerative braking in 

indicated at an interval of 0.5 km. The table 4 shows the observations when the same bike with 

integrated regenerative braking assisting sensors array is integrated. It additionally takes the 

data of change in speed (in terms of positive or negative) and terrain conditions from tilt sensor 

(in terms of flat / positive / negative slope) for decision making of regenerative braking ON / 

OFF operation.   

Social Science Forum Journal - ISSN:0352-3608/E-ISSN:1581-968X

Volume 10 Issue 9 2026 Page No: 135



 
 

Table 3: Observation Table for conventional system 

Distance Traveled (km) 
Speed 

(kmph) 
Accelerator Brakes 

Battery 

SOC 
Regenerative Braking 

0 0 0 0 80 OFF 

0.5 20 ON OFF 78 OFF 

1 35 ON OFF 77 OFF 

1.5 30 OFF OFF 75 OFF 

2 35 ON OFF 74 OFF 

2.5 35 OFF ON 74 ON 

3 40 ON OFF 72 OFF 

3.5 40 OFF ON 73 ON 

4 35 OFF OFF 71 OFF 

4.5 40 ON OFF 69 OFF 

5 35 OFF ON 70 ON 

5.5 40 ON OFF 69 OFF 

6 40 ON OFF 67 OFF 

6.5 35 OFF ON 68 ON 

7 35 ON OFF 66 OFF 

7.5 40 ON OFF 64 OFF 

8 35 OFF ON 65 ON 

8.5 35 ON OFF 63 OFF 

9 40 ON OFF 61 OFF 

9.5 30 OFF ON 61 ON 

10 20 ON OFF 59 OFF 

 

Table 4: Observation table (developed system) 

Distance 

travelled 

(km) 

Speed 

(kmph) 

Speed 

change 
Tilt Accelerator Brakes Battery SOC 

Regenerative 

Braking 

0 0 0 Flat  OFF OFF 80 OFF 

0.5 20 Positive Flat  ON OFF 78 OFF 

1 35 Positive Positive ON OFF 77 OFF 

1.5 30 Negative Negative  OFF OFF 76 OFF 

2 35 Positive Flat  ON OFF 75 OFF 

2.5 35 Negative  Negative  OFF ON 76 ON 

3 40 Positive Flat  ON OFF 74 OFF 

3.5 40 Negative  Flat  OFF ON 75 ON 

4 35 Negative  Negative  OFF OFF 75 ON 

4.5 40 Positive  Flat  ON OFF 73 OFF 

5 35 Negative  Flat  OFF ON 73 ON 

5.5 40 Positive  Positive  ON OFF 72 OFF 

6 40 Positive  Flat  ON OFF 70 OFF 

6.5 35 Negative  Flat  OFF ON 71 ON 

7 35 Positive  Flat  ON OFF 69 OFF 

7.5 40 Positive  Flat  ON OFF 67 OFF 

8 35 Negative  Negative  OFF ON 68 ON 

8.5 35 Positive   Flat  ON OFF 67 OFF 

9 40 Positive  Flat  ON OFF 65 OFF 

9.5 30 Negative  Negative  OFF ON 66 ON 

10 20 Negative  Flat  ON OFF 65 OFF 
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Figure 6: Comparison of battery SOC vs. distance travelled with conventional and 

regenerative braking assisting sensor array 

The figure 8 shows the SOC level of battery in two experimental runs of the bike with run with 

conventional EV controller and with regenerative braking assisting sensor array. The 

conventional controller returns battery SOC of 59% after trailing of 10 km distance. On the 

other hand the proposed system with integrated regenerative braking assisting sensor array 

yields battery SOC of 65% at the end of 10 km distance travel under same road conditions.   

V. Conclusion 

The regenerative braking provides key benefits of travel range improvement of electric vehicle. 

The integration of smart regenerative braking sensor can reduce wear and tear of mechanical 

braking components as well. The developed regenerative breaking assisting sensors 

communicates the operational data of actual driving conditions to the EV controller and 

generates control signals for regenerative breaking. The data of brake switch, throttle, braking 

pressure, terrain, SOC, speed and speed changes is logged into memory and further be used for 

analysing driver behaviour. The experimental results shows 6% more energy retention in 

comparison with traditional system. As advancements in EV technology continue, regenerative 

braking sensors are expected to be smart, accurate, efficient and indispensable in the 

development of sustainable mobility solutions. 
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