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[bookmark: _Toc405826996]Abstract 
Chopper is an autonomous robot that assists the chefs in cutting vegetables, or sushi chefs in cutting sushi. Prepping to cook a meal takes a time and slows down the overall cooking experience. Many people are busy with other everyday activities and cannot spend long periods of time preparing food. Chopper will speed up the cooking time by cutting the preparatory food products into smaller pieces in one slice. This report summarizes Chopper’s functionality, behavior, and construction. Chopper also has the capabilities to distinguish objects as vegetables and sushi with sensors, and perform object collision.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[bookmark: _Toc405826997]Executive Summary 
Chopper is an autonomous robot that distinguishes objects as food and slices the food in one motion to assist cooks in prepping food. The main features of Chopper contains an Arduino Mega ADK microcontroller for processing, Arduino motor shield for controlling 2 DC motors for movement, 3 IR rangefinders for collision avoidance and cutting board identification, and a DC motor controlled by a motor driver attached to a rack and pinion linear system with limit switches for cutting. Power is supplied from a 2 cell 7.4 V LiPo battery for the Arduino and the 3 motors. The IR sensors and limit switches are powered by the Arduino board.  The combination of 2 IR sensors perform collision avoidance, and all 3 sensors identify the cutting board where food are placed on top. The behaviors of Chopper include collision avoidance, until object is detected as food and then approach the object to cut it in one motion.   
  
 
 
 
 
  
 
 
 
 





  
[bookmark: _Toc405826998]Introduction 
The process of cooking always starts with preparation. Gathering the ingredients and prepping them for cooking can be a time intensive task especially when there are multiple dishes that need to be prepared. If dishes require numerous vegetables or if a meal includes sushi, preparation time is time consuming. Examples include salads, vegetable stir fry, California rolls, and volcano rolls.  These food products are excellent options for individuals who want meals promoting a healthy dietary lifestyle. A cook needs to be time efficient to prepare and cook food within a timely manner for the customers. 
Chopper is constructed for the purpose of solving this problem. The main objective for Chopper is to approach vegetables and sushi and cut them into smaller pieces in one slice. To fulfill the objectives of IMDL, Chopper also has the capabilities to avoid collisions. Both of these objectives are accomplished by the integration of sensors, motors, and a microcontroller. This report outlines how these objectives are accomplished. 
Chopper contains 3 sensors: IR sensor, bump sensor, and a special system sensor. The IR sensor allows the robot to detect objects at a distance to prevent it from colliding with the object.  The bump sensors serves are limit switches for when the cutting motor needs to change direction in the rack and pinion system. The special system sensor utilizes 3 IR sensors to identify a board where food is located on top of. 
The outline of the report describes the different behaviors and features of Chopper, and the integration of the mobile platform and circuitry. 
 
 
 
 
 
 
 
 
 
  
[bookmark: _Toc405826999]Integrated System 
            The autonomous robot integrates the sensors, motors, phone, and microcontroller all into one integrated system. Figure 1 displays a simplified block diagram of the integrated system. Sensors include an IR rangefinder and limit switches. The motors include 2 DC gear motors controlled by the Arduino Motor Shield, and a DC motor controlled by a motor driver. The microcontroller for Chopper is the Arduino Mega ADK. 
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Fig. 1. Simplified block diagram of Chopper 
 
 




 



The following figure shows the integrated circuit for Chopper. From left to right: PCB board for motor driver and limit switches, power hub connected to battery and Arduino board, and 7.4 V 2 cell LiPo battery. 
 
[image: ]
        Fig 2. Integrated circuit for Chopper 
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            The design of the robot is based on a mobile platform that contains 5 wheels for mobility and balance. There are two wheels, and a caster wheel to serve as balance. Two smaller caster wheels are placed in the front to serve as balance, but these wheels do not touch the ground. The two wheels will be driven independently, and are operated by 2 DC gear motors. The mobile platform will be constructed out of the provided balsa wood sheets. The balsa wood sheets are easy to manufacture and light weight for the gear motors to carry.  All electronics are attached to the mobile platform via fasteners. The microcontroller, bread board and batteries for the controller and motors are located behind the wheels near the caster wheel. Figure 3 shows the final design for Chopper. 
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 	Fig. 3. Front View of Chopper 
[bookmark: _Toc405827001]Actuation            
            The 2 DC gear motors are attached to the Arduino Motor Shield V2.0, which controls the speed and direction of the gear motors using pulse width modulation (PWM) for the speed and change in voltage polarity for the direction. The gear motors used for Chopper are the micro gear metal brushed DC motors with a gear ratio of 75:1 from Pololu. 
 The 3 IR rangefinders for Chopper are the Sharp GP2Y0A21YK0F Analog Distance Sensor 10-80cm also from Pololu. The 2 limit switches are provided in lab, and are wired as a pull-up switch. The switches are connected straight to the Arduino board. 
            Once Chopper is turned on, the data from the sensors are inputted into the Arduino, and then sends an output to the motors. If there are no obstacles or collisions, Chopper is programmed to go straight at a constant speed. If the IR rangefinder detects obstacles Chopper is programmed to avoid the collision unless it detects the cutting board. 
            When the phone app detects an object that is determined to be food, Chopper will approach the food until it is a certain distance away using the IR rangefinder. The cutting mechanism is turned on afterwards. The cutting motor is turned on and moves in a downward motion to cut the food. 
Cutting Mechanism 
[image: ] The cutting mechanism is based on a rack and pinion linear system. The parts of the system include: 24 tooth, 32 pitch, 6mm bore pinion gear, 30 RPM Gear Motor, and a 32 pitch gear rack. At the end of the gear rack, are 2 limit switches to indicate the motor to change directions. Attach to the motors are the blades that will cut the food. The following figure shows the system. 
 
 
  
 
 
The following figure is a close up view of the blades attached to the motor with an additional weight (100 g) on top to provide extra force when cutting.  
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Fig. 5. Cutting blades close view  
 Special Cutting Board
	A special cutting board is constructed for Chopper to identify. One end of the board is cut to the shape of Chopper, as shown in Figure 6. The side of the board lines up with all 3 IR sensors. If all 3 IR sensors detect the board, Chopper approaches the board and cuts the vegetables on top of the board.
 
[bookmark: _Toc405827002]Sensors 
Chopper contains three sensors: bump sensor and IR rangefinders. The bump sensor is a limit switch that will serve as an On/Off switch attached to the rack and pinion system. When the two wires are not in contact, the switch is off, and when they are in contact, the switch is on. These two results are programmed to the Arduino as inputs and control the motion of the cutting motor. The IR rangefinder for Chopper is the Infrared Proximity Sensor Short Range-Sharp GP2Y0A41SK0F from Pololu with an operating range of 10 to 80 cm. 
  
The original plan to identify the food is through an Android phone application with the following capabilities. The phone app provides continuous image processing when Chopper is in operation. The phone is created using the libraries from Open CV, and the Android environment Eclipse. The libraries used is the color detection and shape detection. The results of these processes are matched to the phone signals to the Arduino that the object is a food, and Chopper will move accordingly to the input. The phone used for Chopper is the Google Nexus 5 with an 8 MP camera with a resolution of 1080p at 30 fps [1].
The new sensor to identify food is through the identification of a custom cutting board with food on top through the use of 3 IR sensors.    
  
[bookmark: _Toc405827003]Behaviors 
The hardware includes an Arduino Mega ADK microcontroller. The sensors are connected to the controller that serves as inputs, and the robot will behave accordingly to the inputs received. The IR sensors are continuously collecting data until they detect something. The 2 motors are controlled by the motor controller for Arduino. The intended behavior of the robot is shown in the following list. 
· Robot turns on through switch. 
· Robot goes straight unless IR sensor detects objects within 6 inches. If an object is detected, the robot stops. Chopper turns left and then right to detect which direction has no objects blocking its path and continues in the direction where there is no obstruction unless the object is a vegetable. 
· An object is determined to be a vegetable when the cutting board is identified. 
· When the object is determined to be a vegetable, the robot approaches the food, and the cutting mechanism is turned on. 
· The cutting mechanism is turned off after moving down once, and then Chopper reverses and turns in either direction and continues onwards. 
The behaviors are grouped into 2 modes: object collision and food cutting mode. LED lights will signify the mode Chopper is currently operating in. The lights will also signify which IR sensor detects objects. 
[bookmark: _Toc405827004]Conclusion 
The construction and integration of all electronics of Chopper is complete. The completion of Chopper came with many roadblocks, but through online searching and guidance from professors and peers, the project is complete. Improvements to Chopper include using the original phone as a sensor to identify the food directly, and improving the rack and pinion system to be more effective are the primary improvements going onwards. The cutting mechanism can have an increase in cutting area, include more blades and provide cleaner cuts in the vegetable.
            Throughout this project, various engineering concepts and techniques were learned and applied. Skills beyond mechanical engineering were learned in a short time frame. Microprocessor concepts, electronics, circuits, automation, and applying the engineering design process were some of the concepts learned when completing this project. The lessons learned thus far while creating Chopper include learning about electronic circuits, robot terms, coding in Arduino and Android SDK environment, and constructing an autonomous robot. 
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