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Abstract

Mr. Clean is an autonomous robot that will wander around in a room and pick up trash on the floor. Once a certain amount has been gathered, it will go to a dumping location and dispose of the load properly. 

Executive summary

Mr. Clean is an autonomous robot that was designed to identify specific items on the floor using a camera as vision. It would collect these items using a gripper arm that I built and placed them on a box. It will also avoid obstacles while performing its task. It uses a sonar sensor to detect obstacles and changes direction accordingly. 


The brain of the robot is the Atmega128 microcontroller found in the Mavric IIB board from bdmicro. The actuation of Mr. Clean is provided by two gear head motors. It also uses a cmucam2+ to detect the items on the floor and its dumping location. It uses an ultrasound sensor to detect obstacles and measure the distance between the robot and the items to pick up. This is very helpful and essential because the arm of the robot can only extend to a specific length. The robot has six servos which allow different types of freedom in the arm, the camera, and a door at the bottom of the robot. 


Mr. Clean has a box in which it placed the collected items. At the bottom of that box is a door that stays close all the time. However when the robot has finished to collect the items and drives back to the dumping location, that door will open and the load will fall out as supposed to. At that point, Mr. Clean would have accomplished its job successfully.
Introduction

Mr. Clean was built with many ideas in mind. I wanted to create a helpful robot, one that would make my life a lot easier. I would want a robot that could deliver me food or drinks while I’m watching TV; or a robot that would bring me coffee while I’m on my bed. But these robots have been somewhat implemented before. I also want a robot that could clean up my room while I’m in school or pick up my little brother’s toys from all over the house and stack them up at one spot. And this is exactly what I had in mind when I designed Mr. Clean.

This paper will explain everything that the robot is made of from conception to creation. It will describe the integrated system, the platform, the actuations, the sensors, the different behaviors and the experimental layout.

Integrated system

The brain is the Atmega128 microcontroller from bdmicro. It is responsible for every behavior of the robot. its features are numerous: • 128K Program FLASH, 4K Static RAM, 4K EEPROM • dual level shifted UARTs • RS485 on-board • 6 R/C Servo Headers • I2C ready w/pull-up resistors installed • up to 51 digital I/O pins • Selectable clock frequency of 16 MHz or 14.7456 MHz • Advanced, low drop-out voltage regulator on-board accepts 5.5-15V input with reverse polarity hookup protection • Small size at 2.2 x 3.6 inches.

This Mavric-IIB board gave me all the features I needed to control all the sensors and motors on the robot. 

The following is a diagram of the components of the robot: 
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Fig. 1- Functional Diagram

Mobile Platform


I used AutoCAD and later Pro Engineer software design to create my platform. The first design was totally rectangular. I was thinking of using two front wheels, but then I realized that the turning would be harder to implement. I then opted for the round shape in the front and a circular shape in the back. That design gave me the flexibility of having one front wheel and turn in place like a pivot. 

                                                       Fig. 2 platform design

The platform has a hole in the back which is where the box will be located and a door mounted. At first, I wanted to have a sliding door that would go between the wheels but then I realized that the motors at the bottom and all the circuits on top would not allow that.
Actuation

The robot uses a three wheeled platform design that gives it a lot of flexibility. The two rear wheels are powered with two Gear Head DC motors from robotstore.com. The motors features are the following:  - Operating range: 4.5VDC to 12VDC 

  - No load current/speed: 111mA/200rpm 

  -  Started torque: 3.60 KG/CM 

  -  Gear ratio: 30:1
 
The rear wheels were responsible for the speed and the turning of the robot. The front wheel is a passive dolly which allows the robot to turn in place.
 Sensors

I have used two major sensors on my robot: Ultrasonic Ranger SRF05 and CMUcam2+ vision sensor.

1- Sonar sensor
The ultrasound SRF05 sold by Acroname is the perfect tool to implement obstacle avoidance in a robot. It has a range of up to 4 meters and sweeps the area at about 600. I used the three pin wire diagram in order to have my Input trigger and my Echo pulse on the same pin. The reading is accurate however it works best when you average the data. That means you take a couple of readings and you average them before you make a final decision. The sonar can only reads in front of it, therefore in order to implement obstacle avoidance the robot would usually need a couple of sensors. However, I designed the robot with only sonar sensor mounted on a servo as seen in figure 3. 

                             Fig. 3- front of the robot

This servo turns to the left and to the right whenever the sonar reads an obstacle on its path. When the servo turns left, the sonar reads again. If there is an obstacle the servo turns to the right, depending on which way is free of obstacle the robot would turn on that direction. If everywhere is blocked, the robot backs up and turns around. 
2- CMUCAM2+
Mr. Clean was designed to recognize two different colors: Blue and Red. The items to pick up are blue and the dumping location is red. The vision of the robot was assured by the cmucam2+ developed by Carnegie Mellon University. It has the following functionality:
·  Track user-defined colors at up to 50 Frames Per Second (FPS) 

· Track motion using frame differencing at 26 FPS 

· Find the centroid of any tracked data 

· Gather mean color and variance information 

· Gather a 28 bin histogram of each color channel 

· Manipulate horizontally pixel-differenced images 

· Transfer a real-time binary bitmap of the tracked pixels in an image 

· Arbitrary image windowing 

· Adjust the camera's image properties 

· Dump a raw image (single or multiple channels) 

· Up to 160 X 255 resolution 

· Supports multiple baudrates 

· Control 5 servo outputs 

· Automatically use servos to do two axis color tracking 

 The camera uses three major colors to represent every color: Red Green and Blue (RGB). For example, 0% blue, 0% green and 100% red would be a red color but a 50% blue, 50% green and 50% red would be a weird color. I chose blue and red because in my opinion they are easier to implement and they are less affected by the light conditions. 
Certain features of the camera were extremely helpful to implement the task of Mr. Clean. When using the camera it is a very good idea to turn “White balance” on and if possible have a few white LEDs next to the camera. This helps in tracking colors. To track a color, you need to give the camera six values, a minimum and a maximum for each of the three major colors, RGB. To find these values you will need to run the “CMUCAMGUI software provided. With this software you can take several pictures with the camera and find out the RGB combination for any given color. When you are tracking a color, the camera returns a “T” packet which has eight important values: the first 2 values gives you the X & Y coordinates of the center of the object with the color that you’re tracking; the next 4 values gives you the coordinates of a rectangular box that includes all objects in the current camera view that falls under your tracked color. The 7th value tells you how many pixels that color is made of and the last value tells you the level of confidence of the returned color. When I was implemented Mr. Clean, I used the track color command; and in the “T” packet returned I took the XY coordinates to locate the object and then align the robot with it. Next I used the sonar sensor to move and keep the robot at a certain distance away from the object. I was therefore able to pick up the object easily with my gripper arm. 
Behavior 

Mr. Clean is a very smart and autonomous robot. It differentiates between obstacles and the objects to pick up and acts in consequence. It will not bump into things and fail to meet its goals. It is also equipped with two “kill-switches” in order to quickly shut it down if anything goes wrong. It is not a racing car so it was programmed to drive at lower speed. The robot has only one sonar sensor therefore avoiding obstacles is harder to implement. High speed was not pursued in Mr. Clean. 


I used a 16x4 serial enabled liquid crystal display screen (LCD) to provide feedback from the robot. All the parts of Mr. Clean were implemented to give output on the screen. I knew exactly what the robot was doing at all times. This was very useful for debugging purposes. 


The gripper arm was built using different parts that I ordered from lynxmotion.com. I sat down and assembled them together and it works perfectly. For more flexibility, one can add more parts into it and shape the arm as fancy or simple as one can imagine. The servos in the arm were standard HS-422 servos with 57 oz. in. However, one of the servos was not powerful enough to support the weight. The servo on the vertical axis which lifts up the arm up and down needed more torque. It would only go halfway up and then come down so fast and strong that it would break the robot. I ran out of money to buy a better servo so I decided to use a counter weight on the other side of the arm. I tried several ideas before I finally opted to attach a set of strings in the back of the arm. These strings gave the arm the tendency to go up and resist gravity. As seen in the picture below, the strings were small enough to preserve the beauty of the arm but powerful enough to accomplish their tasks.






Fig. 4- Gripper Arm


The CMUcam2+ was mounted on a servo along with the sonar sensor in the front end of the robot (see fig. 2). That servo was driven by the microcontroller on the camera board. The only problem was that they were on the path of the gripper arm. I had to modify the way I intended the gripper arm to work. Therefore, instead of pick up an object on its center mass, I would pick it up from top and turn the wrist of the arm so I could put the item on the box.
Conclusion


Mr. Clean works perfectly and it did everything I intended it to do. The sonar sensor and the camera provided good feedback and were easily interfaced with the Atmega 128 microcontroller. I was very happy with the result and appreciated the time I spent in building the robot.  If I had to do this robot over I would probably come up with a different design and use aluminum or steel instead of the wood. I would start ordering the parts a lot earlier and use more time in testing and writing codes. I would put some extensions on the fingers so the arm could be able to lift bigger items. I would use some sonar sensors in the back of the robot and also implement a function so that the robot could detect edges and dispose of its load at the edge of a table for example.

Mr. Clean was by far the most time consuming project I have ever worked on. It is also the best research experience I’ve ever had. Building Mr. Clean has helped me understand a lot of the information I have learned in previous classes and enriched my knowledge in areas I did not know before. I did a lot of research and learned a lot. It was a very stressing experience but at the end when you have a working robot happiness follows. I will definitely continue to work on more robots while I’m in school and even pursue a career in robotics. I fell in love with it and can’t wait to start competing in national and international robotic competitions. 
                    
