Get High, Climb a Wall
The story of Peter Flores and goUPer.
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Abstract


This report is a description of my experience, as well as the final product of IMDL, Spring 2007. IMDL (Intelligent Machine Design Laboratory) is a graduate level class that exposes students to the process of building a small robot. This course is a true applications course. With very few lectures and no tests, not much new concepts are introduced. Even so, this is a course that one can learn the most as a student at UF. I did gain a lot of experience in project management, application of concepts and time management. I also spent a bit of time doing more mechanical sided work.
Introduction


Robot name: goUPer (pronounced goo pur) 

The main task that Gouper will perform is to climb a wall. My main motivation for creating a robot that can climb a wall is that no one in the IMDL program has been successful in building such a robot, and it is said to be too hard to complete in one semester’s time. I do believe that this can be accomplished and can have some significant applications. This is the “WHY”, the “HOW” is where it gets slightly complicated and is outlined in this report. The original “HOW” idea was to use suction cups and compressed air tanks and proved to be a bit difficult for one semester’s time. I have changed Gouper from a window climbing bot to a chicken wire/ chain link fence climbing bot, which looks to be a bit more manageable.

After presenting a short proposal to a couple contacts, I was able to get SpinCore to sponsor my robot. They sponsored my project with the request that I use a Stratix 2 chip with and embedded Nios processor. In order to purchase the pneumatic equipment (that I am no longer using), I accepted.
Robot Description

Integrated System


At the request of SpinCore, I planned to replace the Maveric-II board that I already purchased with a Altera Nios 2 development board with a Stratix 2 FPGA. After many issues with Quartus II Licensing, I abandoned this board and retreated back to the Maveric-II. SpinCore is aware of this and does understand my decision. The controller will monitor and control all sensors, switches, motors and solenoids.

Mobile Platform


The microprocessor board, along with Gouper’s batteries, servos, and center motor will mount onto the horizontal crossbar section of a t-shaped platform. The body will be constructed to allow the crossbar section slide up and down the center shaft. This sliding motion, combined with the hooks at each of the “feet,” is what will enable Gouper to climb. See Figure 1 for a simple representation of the climbing cycle.
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Figure 1. Climbing cycle.

Solid orange signifies attached hook.
Actuation


Included on the mobile platform will be actuators to enable Gouper to move its parts and control some internal processes. First, Gouper will need to ‘slide’ the crossbar section up and down along the center shaft. This will be realized by using a double rack and pinion system powered by a DC motor and gearbox. The center motor will be mounted on the crossbar section and turn pinions that will slide the racks, that are attached to the center shaft, up and down.

Originally, I envisioned my robot to climb glass walls using vacuum powered suction cups. Now, Gouper will use hook-like feet climb chicken wire. Each “foot” will house a solenoid and a fishing hook that will be used to hang on the wire wall. The two solenoids on the crossbar section will be synchronized as will the ones in the head and tail sections.
Sensors

To get information from the outside world, Gouper will use an array of sensors. Obstacle detection, bump sensing, height measurement, and stride management will all be managed by the Atmega128 chip. For obstacle detection, a Sharp GP2Y0A21YK distance sensor will be used. It will be located at the front of Gouper and make sure the path is clear. A Maxbotix LV-MaxSonar-EZ1 Rangefinder will be used to measure height. Mounted on the bottom of the robot, the sensor will send out a sonar signal and measure the time it takes to bounce off of the floor and return to the robot. To ensure goUPer is making the most out of each stride, bump sensors will be placed at the top and bottom of the crossbar section to let the motor know when to stop.
Sensor Suite
	No.
	Type
	Function
	Location
	Range/Precision

	1
	IR
	Obstacle Detection
	Front end
	6 inches

	1
	Sonar
	Height Sensor
	Tail end
	0-10 ft., 1 inch res.

	2
	Push Buttons
	Over Extension Motor Stoppers
	Top and bottom ends of inner track
	-


Behaviors


The main goal and purpose of Gouper is to climb a vertical structure. The height of the robot will be constantly available via the LCD display. Gouper will climb until an obstacle is encountered, Gouper will wait for obstacle to move. If obstacle clears path, climbing is resumed. If not, Gouper will try to ‘scare’ off the obstacle by moving up and down. If obstacle is still detected, Gouper will descend back to the floor.
Conclusions


Having learned that time and deadlines are huge restrictions on what one can do, I feel that I gained valuable experience in this class. After taking this class, I feel I can build a robot similar to goUPer in about a month, about 1/3 of the time it took for this one. At first, I was disappointed when I abandoned the suction cup model, but I know realize that time and experience are huge constraints that one must take into account when planning a project like this one.

After the first few months of planning, once I had a good idea of what I wanted goUPer to do, everything seemed to go quite smoothly. For this I would like to thank Dr. Schwartz, Dr. Arroyo, T.A. Adam Barnett, and fellow student, Michelle Berecz.

Appendix

I. Robot Code – Written in C and built in AVRStudio (attached)
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