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ABSTRACT 

The design, manufacture, and implementation of a micro-mouse 

robot controlled by a microcontroller are discussed in this study. 

Micro mice is a mobile robot that has been developed & is 

being done programmed to go thro’ a maze like structure by 

learning the way. The goal of the research was designing & 

building a small path following mechanism to help with the 

construction of a moving object tracking system. The design 

and construction of the micro-mouse was the first stage of the 

project. To give a load torque, electric motors have been 

incorporated. The electronics were tackled next, and were 

controlled by the Micro-mouse microcontroller in order to 

transmit and receive positioning information in order to enable 

tracking. The communication is carried out via the RF 

Transmitter and Receiver module. The majority of the torque-

related development work has been accomplished. The project 

was a success in general, and all of the design concepts were 

proven. Further changes / tweaks are suggested to perfect the 

tracking of the process & a realistic future expansion to the 

work that could be for developing it to become a perfect model 

from the practical implementation standpoint. 

General Terms 

Algorithms, Micro mouse Robot, Paths, Plan, Micro controller 

Keywords 

Drivers, Stepper Motor, Simulation, Application, Environment, 

terrains.  

1. INTRODUCTION 
This research looks at the design, construction, and 

implementation of a micro-mouse robot that is controlled by a 

microcontroller. Micro-mouse is a mobile robot that has been 

designed and programmed to learn how to navigate around a 

maze. The project’s purpose was to design and construct a 

modest path following mechanism to aid in for developing of a 

mobile object tracking system. The micro-design mouse’s and 

construction was the first stage of the project. Electrical devices 

(motor) has been used for providing very good load torque to 

the system for movement in all the 8 possible directions. The 

next step was to tackle the electronics, which were controlled by 

the Micro-mouse microcontroller in order to transmit and 

receive positional data and enable tracking. The RF Transmitter 

and Receiver module is used for communication. The majority 

of torque-related research and development has been completed. 

In general, the research work done was a tremendous success & 

all of the conceptual designs were tested. More improvements 

and tweaks are suggested to improve the tracking, and a future 

expansion of the work can be to perfect it from a practicality 

point of view from the implementation aspects in the RT 

environment [1]. 

 

Fig. 1. Route taken by the micromouse to move from s to d 

2. TYPICAL EXAMPLE OF  
 

Micro mice was a little moving robot that can be navigated thro’ 

a maze. Two micro-mices was designed in this project. The 1st 

mouse was quickly exploring the maze scenario & understand 

the way before departing from a defined maze area. The 2nd 

working mice was fastly learning the mice’s courses quickly 

and then move from a specific maze corner to capture the first 

micro mouse as quickly as possible. A motor driven module, 
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which comprises of two motors driven wheels, an micro-

controller board, which consists of a microprocessor, external 

RAM (required) & the devices to drive the motors & lastly a 

motor controlling board, use to drive the motors, make up the 

standard Micro mouse. A control method to do the steering of 

the Micro mouse and allow the Micro mouse for sensing the 

position & is designed once the Micro mouse has been 

manufactured. After that, a second control algorithm is to be 

created so that the maze problem could be solved systematically 

by the mice. Certain Micro mouse parameters must be measured 

or retrieved from the Micro mouse hardware as part of the 

creation of these algorithms. These are calculated by capturing 

measurements from the Micro mouse while it is run through the 

maze area. Mechanical, & Electronics & Software design and 

development are required for the project. The design and 

fabrication of a mechanical structure for the Micro mouse is the 

first step toward the completion of the project. The electronics, 

as well as an interface with the mechanical components, are 

then built to provide control and communication. The software 

design is the project's final component. To interpret and control 

the electronics, a programme is built [2]. 

 

Fig. 2. Top view of the micro-mouse (plan view) 

3. OBJECTIVE 
 

The project’s goal was to create a automated module that could 

track a mobile object & follow it, and eventually or catching up 

with the predecessor mice (1st one). Two micromouse are used 

to make the prototype in this case. The first micromouse is an 

item that moves freely. The first micromouse sends information 

about where it is right now. This information is recorded by the 

second micromouse, which then follows the first on the most 

appropriate path. The trail, which is traced by the two 

micromouses, is built in the shape of a maze. The following is a 

diagram of the proto type of the maze schematic area of the 

layout as shown in the Fig. No. 1 [3]. 

4. PHYSICAL DIMENSIONS 
 

In this section, the physical dimensions of the designed & 

fabricated micro mouse is presented in a nut shell. The maze 

measures 72 × 72 cm in size and is DIVIDED into 16 cell area, 

each measuring 18 by 18 cms. Then, the maze route is 16.2 cm 

width in area with extra wall of thickness differing by 1.8 cm, 

making it 18 cm width with wall like structure, according to 

typical maze construction. The overall length of the Micromice 

is 18 x 22 cm, while the sensor is 18 x 18 cm. Over the micro 

mice, the sensor circuitry [26] is embedded or fixed onto it so 

that to make it more compact. The wheels are made of 

lightweight metals such as aluminium. The diameter of the 

wheel is 4.2 cm since the circumference is 13 cm [4]. 

5. IDEAS FOR THE CONSTRUCTION 
 

Here, the ideas for the construction process of the micro mouse 

is presented in brief. It is feasible to design the micromouse in 

two completely distinct methods. The traditional analogue 

technique, which uses comparators and analogue motor control, 

is one option. The second method, the digital method, can be 

implemented using either digital logic devices or a 

microprocessor. The advantage of utilising a microprocessor is 

that it is simple and convenient to adapt the software for 

different works & to boost overall speeds w/o changing the h/w 

or s/w or using a trial & error methodology with a lot of 

resistive devices which could vary its resistance (Potmeters) [5].  

 

Fig. 3.A stepper motor (CW/CCW) that we employed in our 

research. 

As a result, we utilised a microcontroller, which is extremely 

fast in operation and simple to programme due to its limited 

instruction set. Because the data and address buses are totally 

segregated in the hardware architecture, one instruction can be 

executed in only one processor cycle. The microcontroller’s I/P 

and O/P are also relatively simple to utilise as they could be 

accessed direct by the application problem. The motors will be 

controlled by 2-1/2 bridges, each of which has two logic levels 

MOSFETs, one to run the motor & the other one for applying 

the brakes to the motor to stop the mice for colliding with the 

obstacles [6].   

The Transistor devices are capable of high voltages and currents 

and can be directly operated by CMOS-Logic devices. During 

the design phase, it was decided that driving backwards was 

unnecessary. Pulsed infrared sensors will be employed for wall 

detection. The pulse application of the sensor [26] greatly 

improves their sensing distance & eliminates the need for 

variable resistors. It has been put a lot of hard work to make the 

micro mouse as small & very much light, so that it could spin 

and run between the maze’s walls. Weight loss allows you to 

move around more freely. The top view of the developed and 

fabricated micro mouse is displayed in the Figure 2 [7]. 
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Fig. 4.(a) Permanent Mag stepper motor drive, (b) 90-step, 

and (c) 45-step. 

6. CONSTUCTION OF MECHANICAL 

SYSTEM OF THE MICRO-MOUSE 
 

The construction of the mechanical part of the mouse is 

presented in this section. The gearboxes are put as close 

together as possible in order for reducing the chassis size area, 

as seen in the diagram below. Everything on the chassis was 

positioned in such that the mice could go as near as to the maze 

walls w.r.t. the ground scenario avoiding the obstacles as 

possible in order to lower the centre of gravity. The sensor arms 

are made of epoxy materials (the same components as used for 

the chassis) & is being done soldered with the plate ground so 

that it will not move and be stable in order to keep the overall 

weight down. A fabric hanger was utilised in place of the ball 

bearing we had previously used. Because the micro mouse’s 

front weight was lowered, the micro mouse was able to steer 

more easily [8]. 

 

Fig. 5. Torque characteristics of the stepper motor 

7. STEPPER MOTOR USAGE IN WORK 
 

A stepper, often known as a stepping motor, is a device that 

convert electrical pulse into proportional mechanical 

movements. The shaft of the stepper is developed with a number 

of discrete unique steps for each revolution. A step is the 

angular rotation performed by the output shaft each time the 

motor receives a step pulse. These motors are particularly 

helpful in digital control circuits, including such as robotics, 

because they are well-suited to accepting digital pulses for step 

control. The shaft rotates by a specific number of degrees with 

each step or rotation [9]. 

The rotation of the output shaft that is caused by each step is 

represented by a step angle, which is measured in degree. A 

simple use for a stepper motor is shown in the diagram below. 

The paper is driven a specified amount of distance every time 

the controller gets an input signal. Stepper motors are widely 

used in m/c tool, process controlled system, tapes & disc drive 

systems, and programmable controllers, in addition to the paper 

driven mechanism in printers. Permanent magnet (PM) and 

variable reluctance stepper motors are the most common types 

(VR) [10]. 

 

Fig. 6. Electronic circuit block diagram 

The diagram above depicts a permanent magnet stepper motor 

with 4 stator winding. By pulsing the stator coils in a specific 

order, the motor's speed and direction can be controlled. Figure 

1 shows the timing diagram for the pulses required to rotate the 

PM stepper motor (b). The motor shaft rotates counterclockwise 

in 90° increments as a result of this sequential direction of 

+Ve& -ve  pulses. The waveforms in Figure below shows that 

the pulses could be done in a overlapping manner & the motor 

could be rotated at 45° intervals counterclockwise. By supplying 

pulses to either the clockwise or counterclockwise driving 

circuits, the direction of rotation can be determined. With each 

subsequent pulse, the rotor displacement can be precisely 

replicated. Stepping motors are often run without feedback, 

which greatly simplifies the control circuit. One of the most 

common stepper motor drive circuits is the unipolar drive, as 

shown in Figure. This circuit, which uses bifilar windings and 

four Darlington transistors, controls the motor's rotational 

direction and stepping rate.The Fig. 5 shows the torque 

characteristic of the motors that was employed in our work [11]. 

 

Fig. 7.Pin diagram of microcontroller 
 

8. BLOCK DIAGARM 
 

The Fig. No. 6 shows the electronical circuitry with the block 

diagrammatic representation of the system developed in this 

project work [12]. 

• Port 0 can be connected to the IR sensing unit module via the 

Schmitt triggering circuit 74HCT14, which can be utilised for 

TTL mode of compatibility, as indicated in the block 

diagram. 

• The IR sensor module is also connected to Port 1 via the 

Schmitt trigger. 

• The RF communication module is attached to Port 2. 
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• The Stepper Motor is connected to Port 3 via the ULN2803, 

which serves as a current booster. 

 Components List 

• 74HCT14 Schimtt Triger – (4 in number) 

• Module for Infrared Sensors - (24 in number) 

• Module Transmitter - (24 in number) 

• Stepper Motor (MACT) – 1K and 5K resistances (2 in 

number) 

 A 9-volt battery is a battery with a voltage of 9 volts. 

 

Fig. 8.System’s overall electronic & control block picture 

9. MICRO-MICE PIN DIAGRAMS 
 

We use a microcontroller, the 89C51RD2, to control the micro 

mice, 1 for every micro mice displayed in the maze solving 

problem. The 89C51RD2 could be a CMOS flashed version of 

the 80C51 CMOS solo chip 8 bit micro controller with 

outstanding performance. For code and data, it has a 64 kb of 

flash memory’s block. With the ISP capabilities or software, the 

64kb flash memory can be programmed in serial mode or in 

parallel mode. The programmed volts can be generated 

internally using the supply voltage of the Vcc pins. The 

following are the characteristics of 89C51 [13]: 

 

Fig. 9.Schematic diagram of a single sensor stage circuitry 

• I/O ports that are 4 bit parallel. 

• Scratch pad RAM of 256 bytes 

• XRAM with an enhanced size of 1792 bytes 

• EEPROM with a capacity of 2K bytes 

• 9 interrupts, each with a different priority level 

• Watchdog timer is a device that allows you to keep track of 

how long your dog 

• 3 16-bit counters and timers 

• Power controlling mode : Idling mode or the Power 

Downed modes in the in-system programming facility 

(ISP) 

 

Fig. 10.Obstacle detection software algorithm 

 

Fig. 11.The maze problems in digital form of control 

We are using all four of the controller’s ports here, which is 

displayed in the following paragraphs [14].  

• External crystals are attached to pin no. 19 & 18 for 

programming  

• Pin nos. 11 & 10 are utilized to programme the controllers 

in a serial mode into the flashed RAM, which could be of 

normally 64 kilo bytes.  

• For resetting the micro mice system, a high voltage of TTL 

could be given to the pin 9 of the MCU.  

  + 6V Battery 

GND Battery 

Controller 

input 

1k 

26 

FET OP02 

3 x  4.7k 

4.7k 

100 nf 
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• On-Off keyed modulation is used in this module, which is 

based on a crystal tuned PLL.  

• PLL is used to create the Local Oscillator.  

• The module is high-performance, easy-to-use, and small. 

 

Fig. 12.An software algorithm for controlling motors using 

PWM. 

10. SCHMITT TRIGGER 
 

It removes noise while providing TTL compatibility. It has 

Schmitt trigger operation and 6 inverting buffers. They can 

convert gradually changing input signals into precisely defined, 

o/p free undistorted signals. It’s a current amplifying system IC, 

the ULN2803. Stepper motors must have a current rating of 0.7 

ampere per phase. A single ULN can provide current ratings 

ranging from.22 to.28 amperes. As a result, three ULNs are 

stacked one on top of the other to provide the required is 7 

amprating. The ULN2803 is a low-cost, 18-pin IC that provides 

current stability [15]. 

 

Fig. 13.A Flash / Keil graphical user interface 

Captions should be Times New Roman 9-point bold.  They 

should be numbered (e.g., “Table 1” or “Figure 2”), please note 

that the word for Table and Figure are spelled out. Figure’s 

captions should be centered beneath the image or picture, and 

Table captions should be centered above the table body [16]. 

 

Fig. 14.Software algorithm for left/right turning 

11. PCB LAYOUT & CIRCUIT DIAG 
 

Here, we present the PCB layout & the overall circuit diagram 

of the project [17].  

12. SENSORS 
 

The electronic circuit to control one particular sensor module is 

shown above. The MOSFET pulses the IR-Diode (small 

duration pulses are given). The comparator’s i/p LM339 

(extremely large stability of the current & operating as a 
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comparting unit) could be grounded or ground pulled, when the 

infra red based sensing unit could detect the light which is 

reflected (which could signify a wall or a obstacle), and a high 

impulse happens at the comparator’s output. DC and low-

frequency signals are blocked by the 100nF coupling capacitor. 

As a result, ambient light has no effect. We’re working with 

standard anode sensors. Infrared sensors are what these are. 

TSOP series IR DIODES is the no. of infra red sensors. The 

infra-red sensor’s volts rating is 3.3 volts. We utilise these 

sensors since they are inexpensive and have good sensitivity. 

Actually, we require precision rather than range, hence the 

sensor should not detect anything beyond a range of 2.5cm [18]. 

12.1 SENSOR ARRANGEMENTS 
 

• One micromice contains 12 sensors. 

• Five for the left stepper motor and five for the right stepper 

motor are on the front side. 

• The middle sensor, out of the five, is utilised to turn right 

or left.  

• Aside from the centre sensor, the other two sensors are 

utilised to control the straight.  

• The two extreme sensors are utilised for corner point 

detection and are generally not used. 

12.2 COMMUNICATION MODULE 
 

A Crystal Tuned PLL Based ASK Module is used to 

communicate between the two mice [19]. 

13. SOFTWARE DEVELOPMENT 
 

The vehicle’s software must be capable of driving the mouse 

straight ahead as well as turning right around the corner. The 

software must control the motors in an appropriate manner in 

order to drive straight ahead. As a result, for each wheel, a P-W-

M (Pulse Width based Modulated Concept) with an high 

resolution of 64 bits could be devised. The programme must 

examine sensing units for operating the mice car by identifying 

the presence of wall as the obstacle. The outputs & the inputs 

are established during the initialization.  

All of the necessary variables are also setup or clear & the P-W-

M based Interrupted Service based Sub-Routine or the ISR is 

initiated. The programme then wait for the starting buttons (the 

controller’s i/p pin RA-2) which has to be pressed to generate a 

signal. Then, finally, the micro controller directs the car close to 

the obstacle or the wall until none of the sensors will detects the 

wall and thus avoid the collision of the obstacle with the mice 

system. Then, the turning function is then invoked, and the wall 

- counter is reduced by one. The mouse comes to a halt, and if 

not all of the walls have been completed, the mouse moves on to 

the next straight driving phase [20]. 

14. MAIN PROGRAM WITH SUB-

ROUTINES  
 

The Main Program -  

• Change the value of the wallcounter to ten. 

• Climb the wall 

• Walls>wallcounter? 4. Turn around 

• YES - Init and wait for the Start button to appear 

• NO - Do not continue. 

• STEPS FOR THE ISR FOR THE PWM 

• ISR raises the PWM counter 

What is the difference between a PWM counter and a PWM1? 

• Yes, turn PWM1 on. 

• Set PWM1 to OFF if you don't want to use it. 

• Is there a difference between PWM1 and PWM2? 

• Set PWM2 to ON if you want to use it. 

• Set PWM2 to OFF if you don't want to use it. 

• Get back on track after the interruption 

When a timer overflows, the ISR is triggered. A helpful 

counters are initially increasing in nature (high). The I-S-R 

(sub-routine) will determines whether the P-W-M desired value 

is greater than or < the helpful counter. If the intended PWM 

value is less than that, the relevant P-W-M o/p’s are set for low 

values (TTL low), other wise it could be set to a high value 

(TTL high). Each time the sub routine is called, the timer must 

be reset. The diagram above depicts how the PWM truly works 

in an elegant manner. The bits Q1 through Q4 correspond to the 

PWM helping counter’s equivalent bits. The ISR compares 

these to the intended PWM and, depending on the outcome of 

the comparison, switches the outputs high or low. Driving along 

the wall – here, the mouse must either travel straight or turn left 

or right, depending on the sensors. A modified bang-bang 

mechanism serves as the control algorithm. There are five 

stages in total [21]: 

• Stage 1: only the middle sensor is in contact - go ahead and 

drive. 

• Stage 2: contact between the mid and right sensors - drive 

slightly to the right. 

• Stage 3: Only the right sensor is in touch; drive to the right. 

• Stage 4: contact has been made between the mid and left 

sensors; drive slightly to the left. 

• Stage 5: The left sensing unit is in touch now (active) & 

then it is driven to the left direction. 

IN the case if none of the sensing circuits make a touch or detect 

the obstacle, then a gap in the counter mechanism could be 

decremented & if he counting circuit reads the value of zero, 

then the mice will initiates the halt and subsequently the turning 

operation. The turning technique is a straightforward subroutine 

that stops the right wheel while spinning the left until the first 

(right) wall sensor makes contact. Due to inertia and wheel-slip, 

the vehicle turns a bit further, but as soon as the straight driving 

routine is restarted, the car adjusts itself strait toward this wall 

[22]. 

The Matrix positional coordinate is used to resolve the Maze 

Logic, as seen in the diagram above. The Figure 12 gives the 

software algorithm for controlling motors using PWM. There 

are two sorts of software designs [23]. 

• KEIL - Keil has a simulator that includes a functionally 

extensive library as well as solid support and compatibility 

with the 89C51 microcontroller. 

• CX51 combines the programming freedom of C with the 

code efficiency and speed of assembly language. It's a 

completely new implementation aimed at producing highly 

quick and compact code for the 8051 CPU. 

• FLASH- FLASH is the software that we use to download 

programmes from the computer to the microcontroller over 

the RS232 line. The software’s screen shot is given in the 

image below. 
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15. HOW THE SYSTEM WORKS ? 
 

One Micromouse : The first micromouse is designed to follow 

the magnetic ink trail and propagate in the same direction. The 

micromouse has three sensors: one in the centre, one in the 

right, and one in the left. The micromouse will propagate a 

straight line path as long as the centre sensor is assorted. If one 

of the right or left sensors is asserted, the directional stepper 

motor will commence rotating motion, allowing the mouse to 

take a spin. The mouse will continue on a straight line course as 

soon as the right or the left sensors could be left out or made 

inactive if the obstacle is not detected so that the power could be 

saved as the mice is battery driven in nature. The 1st mice’s 

action and motion are relayed via the transmitting mechanism 

[24].  

Micromouse Two: Micromouse two gets the signals that 

micromouse one has sent. By sensing the position of 

micromouse one, micromouse two detects the shortest path to 

micromouse one and traverses it. Micromouse two is well-

equipped with wall sensors, which assist it to direct its path to 

itself [25]. 

16. FINAL THOUGHTS / CONCLUSIVE 

REMARKS OF THE PAPER 
 

Overall, the project was deemed a success in all aspects, 

including mechanics, electronics, and software. All of the 

primary objectives were met, as well as the bulk of the minor 

objectives. The project handled new design areas that 

necessitated creative thinking. Its construction has validated the 

design concepts used, and with a few minor tweaks and 

enhancements, it might be improved further to create an even 

better test bed. A probable project extension has been offered, 

and it involves the processing. The developed micromouse was 

examined for two uses. 

Application 1 :The principle of our invention can be used to 

track cars across a defined area. This project was created in 

response to a request from the MUMBAI traffic police 

department, hence the programme has to be improved for a 

more realistic implementation. In terms of execution, an 

ordinance must be established mandating that all vehicles be 

fitted with an identification transmitting module. Cells specified 

and developed by private and government cellular 

communication providers can be used to establish reception. 

Because it is in the public interest, the police department is in 

the process of passing an ordinance, which will be fully 

implemented by 2025. 

Application 2 :The principle of the project novel invention 

could be utilised in shopping malls, where the luggage-laden 

trolley can be steered toward the container’s (luggage boxes) 

exit & could be utilized for automating the sequence of 

mismatched matches. 

17. ORGANIZATION OF THE PAPER 
 

The paper is organized as follows. To start with abstract is 

presented followed by the keywords. Then, the section 1 gives 

the introductory remarks about the project followed by a typical 

example in section 2. The objective is given in section 3. The 

physical dimensions in section 4. The ideas for the construction 

is presented in section 5. The construction of mechanical system 

of the micro-mouse is given in section 6 followed by the stepper 

motor usage in work in section 7. The block diagram is given in 

section 8 followed by the micro-mice pin diagrams in section 9. 

The Schmitt Trigger details is given in section 10 followed by 

the PCB layout & circuit diagram in section 11. Sensors follows 

next in section 12. Software development is given in section 13. 

The main program with sub-routines is given in section 14. How 

the system works is given in section 15. The final thoughts / 

conclusive remarks of the paper is given in section 16. 

Organization of the paper is given in section 17 followed by the 

exhaustive list of references in section 18. 
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