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Abstract— This paper deals with the design and construction 

of a low cost electric vehicle aimed to demonstrate the 

possible alternative to the present personal electric 

transportation in India. The increasing rate of urbanization 

and increase in use of motor vehicles is the principal cause 

of energy invasion, greenhouse gas emissions and 

environmental downturn. As a unique and eye catching 

transportation device, Uni-Cycle may offer several problem 

minimizing solutions over the current environment decay 

issue. Uni-Cycle is aimed to feature the self-balancing 

mechanism similar to that of the ‘Seg Way’ but with single 

wheel. This self-balancing works on the principle of 

inverted pendulum. The computation of the sensor values is 

done in real time system. The traditional PID control 

implemented combines the result form sensor to the DC 

motor speed controller. The power source of Uni-Cycle is a 

lithium polymer battery, capable of working in short 

distance area. Bike riding gestures are used as the human 

input to the transporter. Leaning of the rider in forward or 

backward direction decides the direction of motion of the 

device. 
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I. INTRODUCTION 

Automobile industries working on the personal transport 

vehicle have to invest more time and money to design an 

ecofriendly transport than the previous technologies. The 

need for sustainable energy, global warming and air 

pollution makes rise in need of green energy powered 

vehicles. The Bharat Stage emission standards based on 

European regulations binds the car manufacturers to the 

Euro 3 and Euro 4 based norm. Plans for Euro 6 norm are in 

progress which is expected to be implemented thought the 

country by the 1st April 2020. 

The engineers are challenged with the goals of 

fulfilling the norm with their hybrid technology or fully 

electric technology. These semi future technologies are 

complex devices and require engineering skills in many 

fields such as mechanics, automatic control, vehicle 

dynamics, power electronics, software engineering, battery 

technology, microcontroller and processor programming. 

Uni-Cycle is aimed to work on the principle of 

inverted pendulum and includes electromechanical 

components in system which can be used as a means of 

transportation for a single person. The single-wheeled, self-

balancing vehicle couples the regular bike wheel assembly 

with the DC geared motor capable of handling human 

weight with a decent speed. The motor is interfaced with the 

reversible speed controller manufactured by Dimension 

Engineering. The InvenSense MPU-6050 sensor used in 

device contains a MEMS accelerometer and a MEMS gyro 

in a single chip. It is very accurate, as it contains 16-bits 

analog to digital conversion hardware for each channel. 

Therefor it captures the x, y, and z channel at the same time. 

The sensor uses the I2C-bus to interface with the SAM3X 

controller. The SAM3X controller is based on the ARM 

Cortex -M3 processor, the Atmel. SAM3X integrates the 

different parameters like the pitch angle form the 

accelerometer and gyro form a mathematical model. The 

mathematical model helps to interpret the orientation of the 

vehicle and the rider. Orientation of vehicle is used as the 

sign of riding or stopping human gestures. The controller 

sends the computed speed in the PWM format to the 

Electronic speed controller which ultimately controls the 

rotations of the DC motor keeping the vehicle upright.  

II. BACKGROUND HISTORY 

A. A Study of Motion Processing Unit Sensor 

MPU6050 has 3 axis accelerometer and 3 axis gyroscope on 

same chip with the provision to interface external 

magnetometer 

 
Fig. 1: 3 Axis accelerometer and 3 axis gyroscope 

Sensor was tested and simulated with the visual art software 

Processing and the open source Arduino. An 8-bit controller 

loaded with I2C library formed the interface between the 

computer software and the sensor. Figure 2 shows the 

pitcher of interfaced software and the sensor. 

 
Fig. 2: Interface of MPU6050 with processing 

B. Prototyped Model Implementation 

As a human safety protocol a scaled test model was built 

with two wheels to implement the concept of self-balancing 

with mini geared DC motors, 8bit controller, MPU6050 and 

some more related components. Figure 3 shows the active 

model stabilized on one point. 
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Fig. 3: Prototype model; stabilization test 

III. BLOCK DIAGRAM OF SYSTEM 

Figure 4 shows the block diagram of the Uni-Cycle. System 

looks simple clear and to the point with ATSAM3X8E as 

the heart of the device. ATSAM3X8E is the 32 bit ARM 

microcontroller which senses, processes and controls the 

whole system. The SAM3X series runs at 84MHz clock 

speed. Sensor MPU6050 generates data packets consisting 

values of accelerometer, gyroscope and temperature sensor. 

The values obtained from the sensor are the tilt angel and 

rate of change of angle. The communication between the 

MPU6050 and the ARM is through I2C protocol.  

The electronics speed controller used is Sabertooth 

2×60A which is specified to source 60A of DC current 

continues. The analog value form the ARM (0-3.3V) is 

passed to the data input of the ESC. ESC is independently 

powered form the battery pack as the ESC sinks a large 

amount of current to drive the 250W motor. 

 
Fig. 4: Block Diagram of system 

A permanent magnet DC motor coupled with the 

wheel assembly and powered through the ESC. As the 

motor is brushed, the speed of motor is controlled by PWM 

principle implemented by the ESC (inbuilt). An additional 

feature of feedback is adopted from the brushless motors to 

keep a track of the rotor position. This rotor position is feed 

back to the controller for further calculations. The device is 

purely powered by a Lithium ion battery pack. The battery 

pack is capable of sourcing the Uni-Cycle for 15Kms if the 

vehicle is driven with protocols. 

 

IV. CONTROL STRATEGIES 

Present design includes only a power button and indication 

LEDs to know the status of the Uni-Cycle. Turning on the 

power button will slowly bring the Uni-Cycle to its mean 

position; this procedure is introduced so as no person gets 

hurt due to abrupt rise in speed on turning the power on. 

Uni-Cycle is composed of single direction heading as of a 

regular bike. Leaning forward accelerates the vehicle from 

zero to top speed. Pulling back will slow down the Uni-

Cycle till it stops. The speed of vehicle will be proportional 

to the lean angle and time. Although the left and right turns 

are matter of physics, as the rider leans left while the Uni-

Cycle is in motion the vehicle will head in circular path 

equal to the tilt same procedure works for right turn. 

Motion State 

 

PWM 

Accelerating Stable De accelerating 

Time period 1.0ms 1.5ms 2.0ms 

Table 1. Pwm Signals Of Different Time Periods 

The PWM signal with different duty cycle are 

applied to the data input of the Sabertooth 2 × 60A modules. 

The possible ranges between the accelerating and de 

accelerating also show linear rise or decrease in period 

according to what the rider is trying to achieve. The PWM 

generated by the SAM3X8E was tested of CRO shown in 

figure 5 below. 

 
Fig. 5(a): PWM for Accelerating 

 
Fig. 5(b): PWM for Stable 

 
Fig. 5(c): PWM for de accelerating 

V. CONTROL ALGORITHM 

The heart of system ARM SAM3X8E controller is 

programed in embedded C language. The SAM3x controller 

is responsible to monitor every block in the device. The flow 

of the system starts with the initializing the libraries, global 

and local variables. The controller first checks the charging 
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status of the battery and if the charge is beyond 75% 

controller checks further information else low battery status. 

For the pilot check the tilt angle is updated in function 

named safe_upright(), this function gradually brings the 

device body to mean position. This function was designed to 

keep the rider safe from getting struck by the sudden 

acceleration while turning on the device. 

 
Fig. 6: Controller flow chart 

VI. SUMMARY 

Uni-Cycle is a designed self-balancing personal transporter 

vehicle with a single wheel. Uni-Cycle is expected to carry 

an average human. The device is designed to cover a 

distance of 20Km in single charge. The prototype model 

was tested successfully for self-balancing and further one is 

to one model is under construction and further 

implementation includes all the components referred 

through the paper.  
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