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ABSTRACT 

In modern era people who work in the organization with huge premises have to travel large distance, if they 

have to move from one place to the other within the same premises. Because of this they may get tired and feel 

exhausted. This urban board which is driven by an electric motor will provide them a mobility in the organization. It 

is designed to run with the help of DC motor, which is a chain driven and is operated by battery. In this the important 

concept is that during the free rotation of wheels the motor which is connected to the wheel will generate a back 

EMF and this is fed back to the battery using a super capacitor. The speed of the motor is controlled by 

microcontroller which is in turn operated by the user with the Bluetooth module and handheld devices. 
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1. INTRODUCTION 

Ultra-capacitor based regenerative braking applications are presently restricted to hybrid buses and railway 

cars, wherever stops are inevitable, and area isn't too much of a problem. Here we are using ultra capacitor to store 

the back EMF generated during the free running of the urban board in inclined surfaces. Ultra capacitors can 

even stand up to many thousands of charge cycles while not losing their ability to store 

charge, therefore creating them a lot of appropriate for top stress applications like regenerative braking. 

Special concerns have to be compelled to be taken once victimisation these devices. However  hostile batteries and 

ultra-capacitors behave a bit like regular capacitors, in this the energy hold on in their field of force follows 

the global organization Ec= ½CV2 law. In this charge stored in ultra-capacitor is used for running the board in flat 

and in other surfaces.  

2. METHODS & MATERIALS 

Urban board: The urban board consists of driving motor (DC motor), steering motor, controller, relay circuits, super 

capacitor bank and the Bluetooth module. In this the driving motor (DC motor) is coupled to the rear wheel of the 

urban board by chain driven technique. The 12v battery is used to drive the driver motor and the steering motor. 

 
Figure.1. Block diagram of the proposed system 

 In this the steering motor is connected to the front wheel of the urban board through the connecting rod. In this the 

microcontroller is interfaced with the DC motor through the universal speed controller which controls the speed of the 

motor. The back EMF that is generated in the driver motor (DC motor) during the free rotation of the wheels is directed 

to the super capacitor. And the super capacitor will use this charge to recharge the battery. In this the Bluetooth is 

interfaced to the microcontroller.  

Motor: Motor is a machine which converts the electrical energy into a mechanical energy. This can be reversed by 

using the generator. In this two types of motor are used, one is driver DC motor and another one is steering motor. 

Both the motor are battery operated. 

Driver motor (DCmotor): Dc motor consists of a fixed permanent magnets and the coil winding shaft. When the 

voltage is applied to the coil current (I) flows through it. Due to the existing of the magnetic field due to the permanent 

magnets, there will be force acting on the coil which is wounded over the shaft. The direction of the force will be 

according to the Flemings right hand rule. According to the Flemings right hand rule when thumb, first finger and the 

second finger are perpendicular to each other   then, the direction of thumb gives the motion of the conductor and the 

first finger gives the direction of magnetic field and the second finger gives the direction of the induced current. When 

the coil reaches the poles of the permanent magnet it will experiences the repulsive force and thus it makes it to rotate 

in rotational motion. 
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Figure.2. DC motor 

Motor specification 

 Operating voltage: 12/24V 

 Motor speed: 2400RPM@12V at no load 

 No load current: 0.7A 

 No load starting current: 2.4A 

 Stall current: 10 A 

 Coil resistance: 1.8 ohm 

This driver motor is interfaced to the microcontroller by the universal speed controller. This universal speed 

controller controls the speed of the motor by varying the voltage supply and it is done by potentiometer principle. 

When the common line in POT is connected to +5V side it gives the full supply voltage. When it is connected to 

GND it gives 0V to the motor. Therefore the motor stops. This POT is replaced by a relay as shown in fig. This relay 

acts as a switch to connect the common line of the POT to +5V or GND. The speed controller limits the current to 

25A to protect the motor. 

 
Figure.3. Driver Motor 

The Back EMF: In the dc motor, when the power is supplied the armature of the motor will starts rotate according to 

the principle of electromagnetic induction. Thus in vice versa if the armature of the motor is rotated mechanically then 

the back EMF is generated.  In this Diver motor (DC motor) during the free rotation of urban board due to the variation 

in the path surface the back EMF is generated. In the dc motor there is moving coil and the stationary magnet, thus 

during the free rotation the coil rotates and produces EMF by the principle of electromagnetic induction but in the 

opposite direction to the source of supply.  

 
Figure.4. Back EMF DC motor 

Mathematical derivation for back EMF (ε) 

Ԑ=B l v 

B=Flux density (w b /m2) 

l=length of the conductor 

v=velocity 

v=angular velocity X radius of the conductor 

   =ω X r 

   =B l ω r 

B=φ/area of the conductor 

A (Area of the conductor) =2πr*l 

     =2πr*l/P 
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P- no. of pole in motor 

ε=P ω φ/2π 

Angular velocity (ω) =2 π f 

f - no. of rotation per second 

ε = P f φ 

f=N/60 

Where N is the speed of the motor 

ε= N P φ/60                                                                       

The above equation gives the amount of EMF that is generated during the free rotation of the motor.          

Steering motor: Servo motor acts as the steering motor in this. It is the type of rotary or the linear actuators which 

is used to direct the urban board in the particular direction. The mechanism of steering is done in such a way that the 

front wheels are connected to the motor shaft through the connecting rod. This connecting rod will convert the 

rotational motion of the shaft into the linear one. So when the motor rotates to a certain angle. It pushes one wheel 

and pulls the other wheel, so that two wheels synchronize while turning. The steering motor is interfaced with the 

controller using a relay circuit.                          

Motor specification 

 Operating voltage: 12V 

 Running current: 2amp 

 Stall current: 5amp 

 Stall torque: 20kg 

 Output angle: 170deg 

 
Figure.5. Steering motor 

Super Capacitor:  Super capacitor is the one which has very high capacitance. It is the electrochemical capacitor 

with capacitance value more than 1000 farads at 1.2V.   These capacitors stores 10 to 100 times more energy per unit 

volume than the normal capacitors (electrolytic capacitors).  In this the rate of discharge will be slow when compared 

to the electrolytic capacitors. Thus in this the back EMF generated in the dc motor during the free rotation is given to 

the super capacitor through the relay and then the super capacitor will recharge the battery using the charge stored due 

to the back EMF.  

  
Figure.6. Images of the capacitor in charged and discharged state 

It consists of two electrodes separated by the separator. Electrolyte is the one which acts as an intermediate 

between the two plates. During charging, when voltage is supplied ions in the electrolyte will get separate and move 

towards the electrode of the opposite polarity. When the load is connected, it starts to discharge .when the capacitor 

is discharged the ions present in electrolyte will be distributed in random manner. In the super capacitor the rate of 

charging and the discharging will be fast when compared to the batteries. Thus in this the capacitor bank is built by 

placing capacitors in serial and in parallel manner as per the required voltage. 

Microcontroller: We searched for a single board which is over loaded with lots of other features that could add on 

more features to our project and then we ended up with Induino board. It was an Indian made which is loaded with 

an Atmega 328 micro controller. It consist of digital input/output pins of 14 in number out of which 6 can be used as 

PWM output and also 6 analog inputs. This board is loaded with a 16MHz crystal oscillator which provides sufficient 
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speed to execute the instructions at faster rate. It holds a USB connection an ICSP header and a Reset button. It can 

be powered using the USB cable as well as the AC-DC adapter and can also supply the power via the Vin pin. 

On Board Interfaces: It is made compatible with number of analog sensor interface such as HC SR04 Ultrasonic sensor, 

humidity and temperature sensor, force  

On-Board Peripherals 

 An RGB led is fixed with the analog output for experimentation. 

 A TSOP IR receiver is connected to the pin 15 for pulse coding experimentation process. 

 3 digital push buttons are provided which are connected to 7 8 & 9th pins. 

 It has 3 LED for digital pins 11, 12, 13. 

 1 IR LED on digital pin 14 

 And finally it consists of an LDR connected to analog pin 3. 

Bluetooth Module: Bluetooth module (HC-05) used in this is the serial communication one. It is hardware interface 

with the programmable baud rate. Low power 1.8V operation, 1.8v to 3.6V I/O. It has order-response and automatic 

connection work modes and also it has three work roles (master, slave and loopback). It has EDR (Enhanced data rate) 

of 3mbps modulation with complete 2.4GHz radio transmitter and receiver. 

 
Figure.7. The interface between the microcontroller and Handheld device is provided by the Bluetooth 

module 

 It is also possible to have an FTDI bang programming interface. 

 It is easy to interface an RTC into this board. 

 It is easy to interface the OLED by using an I2C configuration. 

3. RESULTS 

                 In this the maximum EMF produced by regenerative braking is about 4.6V, this can be further increased 

using the brushless DC motor. Energy transfer circuit between the capacitors to the battery to allow for realistic 

testing. A route through a city would also be needed to evaluate the system’s overall feasibility. An LM3578AN 

switching regulator may be also used for this application; however its maximum switching current is only 750mA. 

Energy transfer between the capacitors and batteries would not be recommended while the batteries are supplying 

power to the motor. Voltage boosters can increase the efficiency of energy transfer between capacitor and battery in 

the future. 

4. CONCLUSION 

In this we have constructed the urban board as discussed above and we got the back EMF power given by 

the equation ε= N P φ/60 and we charged the capacitor bank. From the super capacitor bank the charge is given to 

the battery. The charging of the battery depends upon the amount of voltage and current delivered to it from the super 

capacitor bank. In future the recharging efficiency of the battery can be increased by boosting the power that is 

delivered to the battery from the super capacitor bank.   
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