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Overview 
 

This project was inspired by a design competition sponsored through the African Robotics Network 

(AFRON). The competition goal was to design a robot that could be built for as close to 10 dollars as 

possible. Robotics is a passion of mine (Mike’s). Like many others, I was introduced to robotics through 

the Lego Mindstorms kit and, while I still am a big fan of Mindstorms, I can see how the relatively high 

price of roughly 300 dollars per kit would prohibit it from being used in many educational settings. We 

are interested in ways to help younger students experience robotics, and the competition provided us 

with a great motivation to see how inexpensively we could create a simple robot.  

There are many skills that students could learn through this kit. Assembling the kit itself will provide 

students with a great opportunity to learn about engineering design, electronics, and computer 

programming. We would encourage anyone who wants to build a similar robot to experiment and 

improve the design. The mechanicals of this kit in particular can be fabricated so easily that every 

student could create their own design. It is inevitable that some of the parts of this robot, such as the 

mechanicals and the controller board, could be mass-produced to reduce their price; however we 

believe it would also reduce student’s opportunities to be creative in the design process and to take 

pride in their final device. 

We also think it is important to emphasize that while we created a mobile robot for this site, a very 

similar system could be used to produce a variety of robotic inventions. For example, with a few 

relatively low cost hobby servos students could make a robotic arm. Students could also try to make 

useful devices, such as a board that turns on a set of lights whenever someone enters a room. The 

possibilities are vast, and students should be encouraged to explore their options. 

We’re pretty happy with the way this design worked out, but we still consider this a prototype, and 

there will likely be improvements in ease of use and reliability that need to be made before this could be 

used in a classroom. Also, while every effort has been made to ensure the accuracy of the information 

on this site and in the documents provided as well as the overall fidelity of this design, the responsibility 

ultimately lies with the end user to ensure that any use of the information provided is safe and meets 

their needs. Having said that, we’ll continue working on updates and I’m hoping others out there with a 

passion for the educational possibilities of low-cost robotics will take the ideas I have here and continue 

to refine and improve them. 

We hope that this site helps you develop your own low cost robots and discover how rewarding learning 

about robotics can be. Please let us know if this site helped you design your own educational robot, or if 

you have any questions. 

Mike and Gabrielle Robinson 

E-mail: robinsonrobotics@gmail.com 
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Instructions for Building FrugalBot 
 

Below are the required steps for building FrugalBot. Note that many of these steps involve using 

potentially dangerous equipment, such as sharp knives and soldering irons. Use caution with all of these 

procedures, and get appropriate help if you aren’t sure how to safely use these tools. 

All of the tools used to build this robot are shown below in figure 1. Similar tools could be purchased 

inexpensively on amazon.com or a similar website. 

 

Figure 1: Equipment required to build the robot body and solder the control board 



Step 1: Draw the parts you want to use in your robot on a piece of paper and cut out the shapes with an Exacto knife or a 
pair of scissors. 

 

Step 2: Trace the outlines of the paper shapes you cut out onto the foam core board. Try to group your shapes as closely 
together as possible in order to save material. 

 



Step 3: A compass works very well for making neat circles. It is also convenient because the hole made by the point on the 
compass lets you know exactly where the center of the circle is. 

 

Step 4: Use an Exacto knife to cut out the shapes. 

 



Step 5: Draw a small square on the large wheel that will fit over the motor hub. Cut this square out with the Exacto knife. 

 

Step 6: You should now have the following pieces cut out 

 



Step 7: Run a small screw driver around the edge off the wheel. This will partially crush the foam core and will make a 
convenient grove to hold a rubber band. 

 

Step 8: Stretch a rubber band into the grove made into the step above. This will help your robot get more traction. 

 

 



Step 9: Put the top and the bottom pieces of the body together. These should fit together snuggly so that they don't easily 
fall apart. 

 

Step 10: Place a small amount of hot-melt glue on the bottom of the frame. 

 



Step 11: Use a small amount of hot-melt glue to attach the wheel to the motor axle. Be careful not to use too much glue, or 
you may glue the wheel directly to the body of the motor. I also placed a size 2-56 machine screw with several washers into 

the hole in the motor axle to help secure the wheels (screw not shown in the picture). 

 

Step 12: If you have not done so already, solder two different color wires onto the terminals of the motors. It is helpful to 
solder the same color wire onto the matching terminals in each motor. Place the motors into the body of the robot facing in 

opposite directions as shown below. Place two rubber bands on the body of the robot as shown. 

 



Step 13: Place a small amount of glue on the side of the side of the motor to hold it in place. 

 

Step 14: Attach the front wheels to the robot. I used size 2-56 machine screws, but any small rod like a toothpick or a paper 
clip will also work. 

 



Step 15: Follow the separate instructions to build the controller board. Note that yours may look different from mine, but it 
should still function the same. 

 

Step 16: Place the battery box and the controller board under the rubber band. Connect the motors and the battery box 
paying careful attention to correctly connect the power and the ground wires, otherwise you could damage your controller 

board if you reverse the polarity of the wires. 

 



Step 17: That’s it. You’re ready to program your robot. Move on to the software and programming instructions to learn how 
to write your first program.  

 

  



Electrical Instructions 
 

The first thing you should do before beginning to solder is burn the Arduino bootloader to the ATmega 

328p microprocessor. If that last sentence didn’t make any sense to you, a bootloader allows you to 

program your microcontroller with the Arduino software that we will talk about later. There are many 

references online about how to burn this bootloader, such as the one below. 

http://arduino.cc/en/Tutorial/ArduinoToBreadboard 

It should be noted that some additional equipment will be required for this process. You should be able 

to purchase everything you need for around 30 dollars, but if you are only interested in making one 

robot, it would probably make more sense for you to buy a chip with the Arduino bootloader already 

installed. In order to do this you will need to make one small change to the circuit, which I’ll talk about 

later. 

NOTE: This section is somewhat technical. If you aren’t comfortable reading a circuit diagram or wiring 

up a circuit, don’t lose hope. If there is enough interest in this project, I plan to design a printed circuit 

board that will eliminate most of the work to make this controller board.   

A schematic for the robot controller board is shown below. While this may look confusing, just take your 

time, and try to understand all of the connections.  

 



Step 18: Here is the final board that I built. Your board may not look exactly like mine as I used extra parts that make the 
design convenient but can be eliminated to reduce costs. These include the removable headers for the motor connections 

and the sockets that the integrated circuits fit in to. I highly recommend you use these parts as they will make your life much 
easier, but they can be eliminated if the cost is prohibitive. 

 

Step 19: Note how the antennae are connected to the board. The loops of the antennae are soldered to the ground pins of 
the motor driver while the antennae themselves are connected to the pins indicated in the schematic. 

 

 

Motor 

Driver 

ATmega328p 
Programming 

Header 

Antenna Hoop Antenna Lead 



Like I mentioned above, it is possible to buy an ATmega 328 with the bootloader for the Arduino UNO 

already loaded. To use this chip you will need to add an external resonator to the circuit shown above. 

This device allows the Arduino to run at 16 MHz instead of 8 MHz as was the case with the internal 

oscillator. You may also want to load the UNO bootloader for other reasons, such as that it may be more 

compatible with newer releases of Arduino. The modification to the circuit is shown below. It does not 

matter which direction the ZTT16.00MX is installed, just as long as the center pin is connected to ground 

and the outside pins are connected to pin 9 and 10 on the ATmega 328. 

 

 

  



Software and Programming 
 

Ease of use was one of my main priorities in the design of this robot. I wanted students to be able to get 

to the point where they could be creative with this robot as soon as possible without spending a large 

amount of time learning technical details. Software plays a major role in ease of use because many of 

the students who could benefit from this type of kit may have never programmed a computer before. 

For this reason, I chose a microcontroller that could be used with the Arduino software. Arduino is a 

microcontroller programming environment which is very easy to use because of a number of built-in 

functions, and it has a broad following on the internet that provides support. If you want to know how 

to do something in Arduino, the answer is usually just a Google™ search away. 

 

Since there are so many internet resources that can teach you how to use Arduino, I will provide links to 

these excellent references instead of reinventing the wheel.  

http://arduino.cc/en/Tutorial/Foundations 

One important point needs to be made. In order to keep system cost low, I chose to run the 

microprocessor with its internal clock instead of using an external source like the Arduino boards do. 

This is a somewhat small technical detail, but it will be important for you when it comes time to program 

your board. In early testing I wasn’t able to use the most recent version of Arduino (version 1.0). I used 

Arduino 0021 which, while not supported officially, can still be downloaded from the Arduino website. 

You will need to follow the link below to learn how to burn the Arduino bootloader onto your ATmega 

328 chip. While this process may take some time to get used to, once you understand it, you will be able 

to program many chips relatively quickly. 

Now onto the code. It is here that Arduino really shines. Below is the code, which I have broken down to 

be a little easier to digest. Don’t worry about retyping all of this code, it will be available on the website. 



 

These variables tell the program which pins to use for each board function. The names in the first 

section may seem somewhat cryptic, but they correspond to the labels in the motor driver datasheet. 

The variables L and R correspond to the makeshift switches on the front of the robot. If you’ve followed 

my design, you won’t need to change any of these, but I assigned them to variables so that it would be 

easy to make changes if needed.    

 

This section initializes all of the pins that will be used in this program. The motor driver pins are set as 

outputs, while the switches are used as inputs with pull-up resistors. 



 

This section of code is from the main body of our program. Everything inside of void loop() will run 

repeatedly until the robot is turned off. The main code is made up of three conditional statements. If 

either of the switches is pressed, the robot will back up and turn away from the obstacle. Two variables, 

tBack and tTurn, control the number of milliseconds each action takes place. This block of code defines 

what happens when the left antenna is pressed. Note that digitalWrite(EN#,HIGH) turns the motors on 

while digitalWrite(a#,HIGH) or digitalWrite(a#,LOW) controls the direction of the motors. These 

commands turn on or off the pins on the motor driver. More details about why these pins need to be 

switched on and off in this way can be found in the datasheet for the motor driver. 

 

This code defines what happens if the right antenna is pressed or if neither antenna is pressed. 

That’s all there is to it, just 72 lines of code to make a robot sense its environment and respond to it. The 

code may seem confusing at first, but take your time, and search on the internet if there is anything you 

are unfamiliar with. I have found that the examples built into Arduino are an excellent resource to learn 

from.  

Now it’s time to upload the program we just wrote on to your robot.  



Step 20: Attach the USB to serial converter to your robot as shown below. Make sure that the top of the board is pointing up, 
as shown in the picture. Plug your USB cable into the board and into the computer. 

 

 

Step 21: Under Tools/Board, select ATmega328 on a breadboard as shown below. 

 



 

Step 22: Under Tools/Serial Port, select the port number of your USB to serial converter. It is probably the highest-number 
port listed, but will probably not be COM16 like shown below. 

 

Step 23: Turn the battery box on to program the robot. Make sure the robot doesn't drive off the table when you turn it on. 
Click the upload button shown below to load your code on to the robot. 

 

That’s it! You should be ready to start experimenting with different programs. 

 

  



Bill of Materials 
 

 

  

FrugalBot Bill of Materials

Description Part Number Quantity Price Price (100x) Total Total (100x)

Digikey.com

Microcontoller Atmega 328P 1 3.16$         1.76$                            3.16$         1.76$                            

Motor Driver SN754410NE 1 2.33$         1.68$                            2.33$         1.68$                            

Battery Holder 3AA SBH331AS 1 2.36$         1.97$                            2.36$         1.97$                            

0.1 uf Capacitor BC2665CT-ND 1 0.37$         0.98$                            0.37$         0.98$                            

10 uf Capacitor ECA-1VM100 1 0.20$         0.06$                            0.20$         0.06$                            

10k Resistor CF18JT10K0CT-ND 1 0.09$         0.03$                            0.09$         0.03$                            

Pololu.com

Motor 1119 2 5.75$         4.88$                            11.50$       9.76$                            

Headers 967 6 0.04$         0.01$                            0.23$         0.06$                            

Amazon.com*

Foam Core Board 22 in.x28 in., 5/CT 0.02 9.20$         9.20$                            0.18$         0.18$                            

AA Batteries 3 0.29$         0.29$                            0.87$         0.87$                            

Wire 1 0.15$         0.15$                            0.15$         0.15$                            

Solder 1 0.15$         0.15$                            0.15$         0.15$                            

Glue 1 0.10$         0.10$                            0.10$         0.10$                            

Rubber Bands 32-Size 4 0.01$         0.01$                            0.04$         0.04$                            

Radioshack.com

Circuit Board 276-150 1 2.19$         2.19$                            2.19$         2.19$                            

Total Price 23.92$       19.98$                         

Recommended Additional Digikey Parts

Description Part Number Quantity Price Price (100x) Total Total (100x)

28 Pin socket A100210-ND 1 0.44$         0.32$                            0.44$         0.32$                            

16 Pin socket A100206-ND 1 0.24$         0.16$                            0.24$         0.16$                            

Total Price 0.68$         0.47$                            

 

*All Amazon prices are based on the current sale price, not the list price.  Because of this the total price may change but not significantly.



Equipment List 
 

 

  

FrugalBot Equipment List

Description Part Number Quantity Price Total

Arduino Uno R3 1 21.95$    21.95$     

Compass 1 4.99$       4.99$        

Hot Glue Gun 1 5.99$       5.99$        

Solderless Breadboard 1 5.50$       5.50$        

Soldering Iron 1 7.99$       7.99$        

Wire Strippers 1 6.99$       6.99$        

X-acto Knife 1 4.70$       4.70$        

Total 58.11$     

Recommended Additional Hardware

Description Price

ATmega 328 w/ bootloader DEV-10524 1 5.50$       5.50$        

Ceramic Resonator COM-09420 1 0.70$       0.70$        

Female Headers PRT-00115 1 1.50$       1.50$        

USB to Serial Converter DEV-09716 1 14.95$    14.95$     

Total 22.65$     



Pricing 
 

As you can see on our Bill of Materials, we’ve calculated a price of close to $25 to build one robot.  

However, this price is a little optimistic for two reasons.  First, this price assumes you already own the 

needed equipment to build the robot itself.  Second, it calculates price based on the quantity of material 

needed for one robot, not the actual amount of material you have to buy to build one robot.  For 

example, you only use 1/10 of one piece of foam board to build one robot.  The link provided gives a 

price of $9.20 for 5 boards.  Assuming you could get 50 robots in total from 5 boards, the price 

calculated is 1/50 of the sale price, i.e. 18 cents.  However, realistically you could not buy 1/10 of a piece 

of foam board.   

 

For these reasons, we have decided to provide a few different price analyses.  If you would like to see 

this analysis in-depth, we have attached an Excel spreadsheet with more details.  We have also provided 

a simplified analysis, which begins below.  

For one robot, we have calculated a total set-up price of close to $115.  This price includes the optional 

parts and equipment listed in each respective section.  This also recognizes the fact that you cannot 

always purchase exactly the amount of material needed.  Therefore, the price for foam board is shown 

at the full price of $9.20, as opposed to 18 cents.   

Additionally, we assumed if you are only making one robot, you would buy an ATmega328 from 

Sparkfun that already has a bootloader on it, which would save you from purchasing the Arduino Uno R3 

and the microcontroller.  If you do this, you would also need to buy a ceramic resonator.  See Electrical 

Instructions for more information.   

The cost per robot decreases considerably with scale.  For a classroom of 10 students, assuming only 

one of each piece of equipment is needed, the cost per robot is around $37.  

 


