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I. Introduction

H is a voice interactive robot. The robot base is built from Legos Mindstorms. We implemented H’s abilities using the JStamp hardware and software, along with a VoiceExtreme chip, CMUCam, and Sonar modules. 

H recognizes and responds to specific voice commands and phrases. Depending on which command it receives, it will play a sound corresponding to whichever mode it just entered.  For example, if we say “attack,” H will begin to track objects using sonar, and will also play a sound effect of some lasers shooting. 

H can also move in any direction, and has a bumper sensor which gives it the capability to avoid reversing backwards into objects. It uses the Sonar capabilities mounted on front to keep from running into anything in the forward direction. 

Also added to the robot it a CMUCam.  This allows H to track different colors around a well lit room. 

Here are some pictures of the robot and our team’s progressive work:

· http://www.cs.utah.edu/~burningh/burning-h/H-Front.jpg
· http://www.cs.utah.edu/~burningh/burning-h/H-Side.jpg
· http://www.cs.utah.edu/~burningh/burning-h/Tim_n_JR.jpg
· http://www.cs.utah.edu/~burningh/burning-h/Poor_H.jpg
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II. Hardware 

The hardware components used by H are J-Stamp, Voice Extreme, and the CMU Cam.

JStamp

J-Stamp is the micro-controller that is used to control all of the functioning hardware components.  J-Stamp is a native Java hardware and software micro-controller. Utilizing the I/O pins on the J-Stamp board, the Voice Interaction is able to control the other hardware components. By using the J-Stamp board, H could be programmed in the Java programming language. For more information about J-Stamp see http://jstamp.systronix.com/.

Voice Extreme

---------------------------------

Voice Extreme is a speech recognition module that uses neural networks to allow the user to train words/commands or use a predefined vocabulary. The serial port on the JStamp board is used to control the Voice Extreme speech recognition module.  The Voice Extreme allows the user to accommodate vocabulary provided by Sensory. It has weight files, to determine how closely to compare commands with the programmed command. Sensory’s design environment provides a C-like language to load vocabulary and commands into the Voice Extreme chip. We were able to write a program to incorporate vocabulary provided by Sensory along with specialized commands we trained ourselves.

For more information about the Voice Extreme please see the datasheet1, datasheet2, quick start manual and programmers manual.
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III. Software 

The software used to control H was written in two different languages.  For the JStamp we had to use Java, but for the Voice Extreme we used the specialized C-like language that Sensory provides for programming it.  The user can modify the existing code to build in new functionality for the Robot.

Voice Extreme

Using Sensory’s software we are able to write our own program for the Voice Extreme and load it with the multiple voice commands that came on the CD, and then using a case statement depending on what command the Voice Extreme hears we were able to debug it with the RS-232 (Com1) on our PC. We used HyperTerminal to monitor the numbers being sent to com1 and make sure that they corresponded to the command given. 

When Voice Extreme is powered up it looks to see if all of the commands have been trained. If not, it allows the user to train them. Once the commands are trained it enters listen mode which entails asking and waiting for commands to be given, and then sending the index of the recognized word via serial port to the JStamp to be processed. All of the voice recognition processing is done on the Voice Extreme. 

J-Stamp

We then made our java code operate on those numbers received and that is how H knew what to do depending on the command given. The java code has a case statement depending what number is sent from the Voice Extreme through the serial port it determines which motors to turn on, when to turn the sonar on, when to use the camera.  

ChipCorder 2560

Although in the end we didn’t get this to work, we did spend a lot of time working
 on this.  We didn’t get started on it until fairly late in the project because we thought the Voice Extreme would be able to record a bunch of responses to have when we speak to it.  After some research, we found that we could record only 64KB of .wav files onto it, which would severely limit the number of clever responses we could generate.  This is where the ChipCorder came into play.

With the ChipCorder, we would be able to record 120 seconds of sound onto it.  This would allow us to record at least twenty different responses and random sounds to have H play, thereby giving it a “personality.”  

After a lot of struggling with both the ChipCorder and the JStamp we were forced to give up integrating it into the project.  Some of the major problems we experienced dealt with some JStamp GPIO pins providing inconsistent voltage levels.  Another problem was the lack of good documentation on the ChipCorder which left a lot of guessing as to what was the right way to do things.  

The main problem we were unable to overcome dealt with differing voltage levels.  The JStamp puts out approximately 3.3V on its GPIO pins when they are set high.  The ChipCorder expects the voltage levels of its input pins to be around 5V.  This caused a major problem in that we needed to boost the output of the JStamp pins to get the right voltage on the ChipCorder pins.  This is a relatively easy task (a simple comparator would accomplish this), but because of the lack of documentation, we didn’t find this problem until it was too late to fix.   It was very frustrating realizing that all the Java code and wiring that we fought with for two weeks were probably right initially, and that we were getting inconsistent responses from the ChipCorder because the voltage levels weren’t high enough.
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IV. Command Options 

1. Back Up: H moves in a reverse direction. If he hits anything the rear bumper will cause him to move away from the object he hit.

2. Go Forward: H moves in a forward direction using the sonar to keep from running into anything.

3. Left: H will turn left in circles, until told to stop or given another command.

4. Right: H will turn right in circles, until told to stop or given another command.

5. Stop: H will turn off his motors and come to a stand still.

6. Activate: Play the “Its Alive” wav file

7. Main Menu:

a. Ball: H will chase and follow the red soccer ball we have.

b. Attack: Sonar is turned on and H locates an object to follow. It will follow until it gets within a certain distance and then stop.

c. Awna’s Present: H will locate and go to the Purple present.

d. JR’s Present: H will locate and go to the Blue present.

e. H’s Present: H will locate and go to the Orange present.

f. Tim’s Present: H will locate and go to the Green present.

g. Math: Play math games and determine whether the answer is correct.

h. Hey H: Depending on who says “Hey H” he will respond with a “Hello <name>” he is able to distinguish between our 3 voices.
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V. Obstacles/Solutions

Several problems were encountered as we tried to get H to be better responsive and more interactive. This section details the obstacles and the solutions that were implemented to overcome the issues.

Lack of Legos

Our Lego kit was depleted to say the least. We had many items missing and had to keep going back to the department to get parts that should have been included in our kit. We did not have enough legos to build much of a base. Especially once we started adding on hardware components, battery pack, camera, sonar, it became very heavy. We had limited wheels and options of how to implement our robot. We ended up using a lot of other materials along with the legos. We used 2 pieces of Plexiglas as the base and drilled into it to mount the hardware components. We then built a frame of legos on which to mount the motors and wheels. We have a very tricycle like robot, with one small wheel on front and two large wheels in back. The small wheel attachment in front was a big headache. We changed and rearranged many times how it was attached to the robot. We finally got rid of the lego attachment we were using and drilled a hole through the Plexiglas to put the stem of the wheel through. This gave it a ton more stability, and actually allowed it to navigate on carpet and rougher surfaces, that it was not able to do with the lego parts that were to flimsy.

Color Tracking

Once H was built and running we noticed that it had a hard time tracking colors as well as we would have liked. We opted to add a servomotor to mount the CMU Cam. This would allow the camera to immediately track the color, where as the robot could then sense the direction the servomotor turned and follow it. We found that the servomotor did not really add much to the ability of H to track. So we looked at the code for the Cam and found that by modifying the code the camera worked extremely well. We modified the code so that if the camera last saw the red ball on its right side it new to turn right to track the ball. And if he last saw the red ball on his left side he new to turn left to track the ball. With this code he is able to follow the ball around the room as we are kicking it to one another.

Command Range

The Voice Extreme came with a small microphone on board. This microphone worked extremely well in a quiet carpeted apartment. We had the opportunity to hook up an older chip made by Sensory (VoiceDirect 364). We found that the VoiceExtreme had a much better performance. However, the VoiceExtreme seemed to also lack a bit in how far it could hear clear commands when placed in a slightly noisier environment, with no carpet (causing echo).


Solution 1:

We determined that since the microphone was mounted on the board, which was then placed a level below the top level H was not receiving the commands as directly as could be possible. We determined that we could bypass the microphone mounted on the Voice Extreme and wire a new microphone on which ran up to the top of the robot into the air a bit. In this position it could receive sound much better. We found that the bypass microphone was not as powerful as the microphone on the development board.

Solution 2:

We decided we needed to go back to using the microphone on the development board. So we tore the robot apart and placed the jstamp board on the lower level, and moved the Voice Extreme board to the top level. This works much better since there is no longer that Plexiglas obstruction between the user and the microphone listener of the Robot.


Noise Filtering

The Voice Extreme chip is superior to the Voice Direct 364 chip. It picks up commands better, even in a noisy environment. With the Voice Direct 364 we needed to have a lot of filtering, and a circuit to interface a microphone with the chip. Voice Extreme comes with a development board. The development board takes care of all of the filtering and has a microphone and speaker to communicate with the user. It allowed us to spend more time debugging and figuring out the new C-like language needed to program the Voice Extreme chip.

Computer Automated vs. User Trained Commands

We have written many different programs for programming H. We wanted to see what the best way to set up his command vocabulary was. Last years group seemed to have quite a problem with the voice recognition, and we wanted to see how we could overcome that problem.

Solution1:

We wrote a program that used a computer automated vocabulary to set up H’s command vocabulary. This worked quite well. Since there are 3 of us on a team we all wanted to be able to give H commands and have him recognize and respond. We did find that we did not have enough of a vocabulary for all of the commands we wanted to incorporate. I have emailed ????????????? and ??????????? many times. They have sent me the exact same vocab and program files as we have access to on the cd already. I finally got a response from a guy at tech support who again sent me the same vocab and program files, but also a pdf with all of the vocab they have available. This pdf has all of the commands we could need or want, but they were not included in the files that he sent me. So I have emailed him again. It is getting close to the end of the semester so we are trying many other options.

Solution2:

We wrote a program similar to last years group to allow the user to train words into H’s memory. Since there are 2 guys and a a girl we found that there was no consistency between voices. If the girl trained the commands, they were not recognized at all by H when the guys tried to use them. If a guy trained the commands, the other guy was able to command H sporadically, but the girl could not at all. So we decided to triple the commands we were training. And each of us trained a command 

i.e……..

ABackUp
AGoForward    ………

TBackUp
TGoForward     ………

JBackUp
JGoForward      ………

This was time consuming and not nearly as consistent in working as the computerized vocabulary. Through testing we discovered that occasionally it was hard for the VoiceExtreme chip to discriminate between words and phrases that were similar. Sometimes if the user who trained the word does not say the command exactly the same as when they trained it, H can not and will not respond.
Solution3:

We attempted to merge the two programs that were previously written. In order to allow computerized vocabulary to be used for the commands that were available, and we would then train the other commands similar to solution2. After many hours of attempting to get these two vocabularies to work together, and allow the user to train vocabulary on top of pre programmed commands, it wouldn’t work. We found there was no way for H to automatically determine whether a command it received was in the computerized vocabulary or the trained vocabulary. Depending on which vocabulary it was in the program needed to process the command in completely different ways. And so this solution was scrapped.

Solution4:

We finally figured out that if we use one of the computerized commands in the vocabularies we can index into a case statement where it then listens for one of the trained words. Though this is not the ideal solution, it will have to work for now. We still have not heard back from the Sensory Tech guys concerning the extensive vocabulary that we were supposedly going to have access to. 

Lack of Documentation

Another problem that we encountered was the lack of documentation for the VoiceExtreme module. Many of the functions that we needed were not well documented and difficult to understand. We were told when we first began using the chip that there were extensive vocabularies available to use with the chip. We were planning on these to use as commands, as they would be speaker independent since they would be computer generated commands. As stated above we have been in contact with sensory but have not received the files we were planning on or expecting. And so we determined we needed to train our own vocabulary and commands for H.
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VI. Conclusions

H has proven to be an interesting but also very challenging project. We were able to accomplish most of our goals we set out in our proposal. H is able to track colors on command, respond to directional commands, keep from running into walls, do simple math, and follow objects using the sonar.

This project allowed us to apply a vast amount of the knowledge that we have gained through our engineering classes. We had an experience in dealing with team members in coordinating schedules, delegating project portions, and compromising when we all had different ideas of how the project should go. The project encompassed many facets of design and development. Software and hardware interfacing along with critical timing issues were at the heart of the design of “H”.

We encountered many problems, but each time found ways to work around or overcome and continue with our scheduled project. We did not receive the vocabulary from Sensory that we had expected when we decided to implement the Voice Extreme circuitry. And so we figured out a way to create our own vocabulary and integrate it with the available vocabulary. This voice recognition technology is amazing, and as we saw from the differences between last years Voice Direct 364 and the Voice Extreme it is improving a great deal. But it is not perfect. We did our best with what we had.

We planned our time quite wisely. We allowed extra time for the problems we knew we would encounter. This proved very helpful, there were many times we would be almost done with our weekly goal, and find a bug or a problem that took us hours to debug and fix.

If we had the full vocabulary from “Sensory” we would not have had to monkey around with the Voice Extreme code as much as we did. We were hoping to give H a personality, record enough sayings and responses, that we could kind of randomly pick them, and it would seem that H just said what he wanted. We also would have liked to get the robot to maneuver a maze searching for an object. There are many things we could have implemented with the technology available, if only we had limitless time. 

