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1. Introduction

Over a period of 14 weeks Vtronix's VOICE System evolved from an idea to a fully
functioning unit.  The process of this evolution drew together the four members of our
group: Scott Emery, Amy Lu, Sean Nicolson, and David Peterman.  Everyone worked
tirelessly in realizing this idea within the specified constraints.  This report describes the
unit in its final state and reviews the process and knowledge the group experienced, as
well as lessons learned.

2. Prototype Description

1. Microphone 6. 16 pin header 10. BCD to 7 segment converter
2. Amplifier 7. 16 pin header 11. BCD to 7 segment converter
3. Voice recognition chip 8. SRAM 12. 7 segment display
4. MC68HCll 9. 8 bit latch 13. 7 segment display
5. MAX7128

Figure 2.1:  System Block diagram

The prototype VOICE system functions according to specification.  We have achieved
full control of both the submersible and the telephone.

The submersible has four different motor speeds, and is capable of vertical and horizontal
motion.  However, we have not yet implemented combinations of vertical and horizontal
motion.  For example, the submersible cannot move downward and forward
simultaneously.

The telephone controller is capable of dialing phone numbers of any length, and can even
operate the telephone’s built in answering machine and automatic dial functions.

The VOICE system can be adapted to control other devices.  The onboard MC68HC11
and MAX7128 are completely in-circuit programmable.  The MC68HC11 can be
reprogrammed used the RS232 port provided.  Likewise, the MAX7128 can be
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reprogrammed using the ALTERA byteblaster cable.  Also two 16 pin headers, each with
14 general I/O pins have been provided for direct device connection.  Adapting the
VOICE system to control other devices requires no hardware modifications, only the
MC68HC11 firmware and the VHDL firmware need to be modified.

The VOICE system has a vocabulary of 40 words.  These words are retained in a non-
volatile SRAM with a battery life of 10 years, and may be reprogrammed for more
intuitive control of other devices.  No hardware modifications are required to train new
words.

3. Deviations
 
 The finished VOICE system deviated in some ways from the original specifications for
the system. We had planned to include a manual control to override the VOICE system or
to be used in combination with it, but due to time constraints we did not implement it.
There is a manual controller for the submersible, but to use it, the cables that run to the
submersible must first be removed from the VOICE system and plugged into the manual
controller. We had also planned for the system to have a large ON/OFF button, but
instead we have a small flip switch. It was also desired for the submersible to move in
combinations of directions at the same time. However, for reasons of simplicity, the
current system only allows movement in one direction at a time. We also did not supply
any software with the system to download code to the 68HC11 microcontroller and the
MAX 7128 EPLD.
 
 We would also like to improve the feedback to the user from the VOICE system. With
the current system, the user must look at the 7-segment display to see if the system
correctly recognized the word that was spoken. This is a nuisance when the user is also
watching the submersible that they are controlling. It would help to have some sort of
audio feedback to tell the user when a word has been recognized. It would also be more
intuitive to display the word that is recognized instead of the number corresponding to
that word. With the current system, the user must know what number each word
corresponds to in order to determine if the system recognized the spoken word correctly.

4. Future Plans

We still need to put some finishing touches on our project, such as completing the
enclosures for the VOICE system and the motor controller board, and improving some of
the wiring on the protoboards. Since the system will eventually be used in the
Underwater Research Lab, they have requested that we eliminate the parts of the system
that operate the telephone and expand the system to allow more precise control of the
submersible. We will modify the system to allow the submersible to move in multiple
directions at once, such as down and forward at the same time. We may also add more
speed settings than the four that are currently available. We could also modify the
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left/right direction control to allow the submersible to turn at varying speeds while it is
moving forward or backward.

We could implement more applications for the VOICE system, such as home appliances
like a television, VCR, stove, and microwave. We could develop a centralized system
from which you could control many appliances in your home. The system could be
wireless to avoid running wires throughout the home. Such a system would be very
useful to disabled people who do not have use of their hands. If we develop such a
system, we would consult with users of the system during development and testing to get
their feedback.

If we were to make a second version of the system, we would include the following
changes from the original. We would use an FPGA with an EEPROM to replace the
68HC11 and the MAX 7128. This change would simplify the system and allow more
capabilities for the system. We could use the FPGA and additional non-volatile SRAM to
expand the capabilities of the voice recognition chip to have a vocabulary of more than
40 words. We would use printed circuit boards instead of protoboards to improve the
reliability of the system and to make assembly easier.

5. Budgetary and Time Constraints

5.1 Budget

Table 5.1.1 shows the estimated project costs from our Project Proposal, and the actual
costs as of April 15, 1999.

Table 5.1.1:  Project Costs

Item Estimated Cost ($) Actual Cost
Submersible 100 100
Voice Recognition Chip &
supporting components

150 100

Printed Circuit Board 50 used protoboards
Protoboards - 20
Other electronic and mechanical
components

200 see below for detailed
breakdown

System casing - 20
Device Interface components - 50
Processor/Controller Unit
components (HC11 & EPLD)

- Free

Chip Sockets - 30
Tools - 130
Total 500 450

We met our budget, although not exactly in the same way we expected.  For future
versions the free components will need to be accounted for (HC11 ~ $25, EPLD ~ $50)
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and the system will use printed circuit boards, rather than protoboards, for ease of
manufacturing.

5.2 Time Constraints

Please refer to our Project Proposal for the original Gantt Chart.   Although we did not
adhere to the time line exactly, we used it as a good guide of our progress.  One thing we
learned was to start the software aspect earlier.

We had limited internal documentation, which made concurrent engineering and design
difficult, this aspect was compensated by our small group size and availability of group
members who were responsible for the specific details.

Getting voice recognition to work took longer than expected. If the time used for exams
were factored out, we were only five days behind schedule.

The weekly group meetings helped a lot in the planning and design stage.   But during the
implementation stage we met more often and less formally, especially for debugging and
testing.

6. Interpersonal and Technical Experiences

Our group dynamics were open and friendly; we had no disputes that we could not
resolve amicably.  Sean emerged as the tacit group leader.

The technical challenges that the group overcame were:
• design of a motorcontroller to handle currents over 1 Amp
• integrating HC11 and VHDL code
• optimizing HC11 and VHDL code to fit in the available space
• designing our own Pulse Width Modulation (PWM) code
• interfacing the voice control system to the telephone
• fitting and connecting a large number of chips on our protoboard
• implementing an accurate 250ms time delay using HC11 assembler programming
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Personal Comments:

Amy:

I learned a lot about low level assembler code: how to write, test and debug, as well as
downloading.  This project provided a lot of hardware experience: soldering, component
selection, protoboard design, and debugging.   I was introduced to power control, signal
acquisition, and Pulse Width Modulation. I did learn to ask for help from the
knowledgeable people in engineering.  From a personal perspective I learned to always
check your assumptions, speak up, and not to take any comments personally.  The project
provided an invaluable opportunity for getting to know fellow engineers a lot better.  I
know I will be a much better team member due to my experiences from this project.

Scott:

I learned a great deal in making this project including how to write, test and debug hc11
code and how to download it to a MC68HC11E2, soldering techniques, protoboard
design, VHDL, and a bit of telephony in so far as the voltage levels involved in causing a
dial tone.  I also learned the importance of good documentation when trying to interface
your code to someone else’s.

David:

I learned a lot about the stages of project development: how to formulate an idea, high-
level planning through low level hardware and software design, component selection and
sourcing, prototype assembly and debugging. I gained a lot of experience with soldering
components and connecting wires on a protoboard. I also learned about electronics design
and debugging techniques. I also discovered that you cannot always trust documentation
that comes with a component, and how to seek out information that I need to solve a
problem. I also learned that on a project like this, things would not always work as I
expect, and that hardware and software often seem to have minds of their own.

Sean:

I attained a higher level of insight into my strengths and weaknesses.  In particular, that I
tend to make many mistakes while soldering protoboards.  The VHDL code I wrote
contained only two bugs.  The motor controller, VOICE, and telephone control hardware
designs contained only five design errors.  I feel that our dicussions of possible design
solutions were key to ensuring reliable board level designs.

Most importantly, ENSC 370 has improved my ability to make circular objects fit into
square holes.
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7. User's Manual

This is a short primer on how to use the VOICE System Prototype (circa April 15, 1999).

7.1 Startup
1. Plug in the power supply for the VOICE System.
2. Plug in additional interface boxes and power supplies.
3. Turn on the VOICE System.
4. Reset the VOICE System, by flipping the reset switch up and down again.

7.2 Command Structure

To command one of the devices controlled by the VOICE system you must first enable
the device.  After the device has been enabled you can now command the device.

The commands operate on a hierarchical structure, as displayed in figure 7.1.  For the
telephone you would first enable the telephone (device), tell it to pick-up or stop
(function) and then which numbers to dial (specifics).  For the submersible you would
first enable the sub (device), set the direction in which it should move (function) and
which speed to move at (specifics).

Device
     |_________
     |

Function
|____________

|
Specifics

Figure 7.1:  System Command Structure

7.3 Command Words

The commands use by the VOICE system and their corresponding 7-segment display
references are listed in Table 7.1 below.
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Table 7.1:  Listing of  Display numbers corresponding to Command Words

7-Segment Display Command Word
1 or 21 One
2 or 22 Two
3 or 23 Three
4 or 24 Four
5 or 25 Five
6 or 26 Six
7 or 27 Seven
8 or 28 Eight
9 or 29 Nine

10 or 30 Left
11 or 31 Right
12 or 32 Zero
13 or 33 Pick-Up
14 or 34 Stop
15 or 35 Ahead
16 or 36 Backward
17 or 37 Submersible
18 or 38 Telephone
19 or 39 Down
20 or 40 Up

7.3.1 Telephone Commands

The commands for the telephone and their function are:

• Telephone – enables the telephone command tree
• Pick-Up – the equivalent of picking the receiver of the telephone up off the hook
• Stop – hangs up the telephone
• 0-9 – saying any of these numbers to the VOICE system when the telephone is

enabled will cause the telephone to dial the number said

7.3.2 Submersible Commands

The commands for the submersible and their function are:

• Submersible – enables the submersible command tree
• Ahead – causes the submersible to move forward
• Backward – causes the submersible to move backward
• Left – turns the submersible to the left
• Right – turns the submersible to the right
• Up – causes the submersible to rise
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• Down – causes the submersible to dive
• 1-5 – saying one of these numbers sets the speed of the submersible to the

corresponding rate.  Speed 1 is the fastest and speed 5 is the slowest.

7.4 Non-voice Controls and Displays

The VOICE system has the following non-voice controls and displays:

• An on/off switch – this is the main power switch for the VOICE system
• A reset switch – used during start-up to tell the VOICE system the user is ready to

give commands
• A microphone enable/disable switch – enables and disables the microphone so that

the user can speak without worrying that the VOICE system will pick up on the user’s
conversation and execute an undesired command

• A dual 7-segment display – for verifying that the VOICE system has recognized the
correct word

• A power indicator LED – lights up when the VOICE system is powered
• A key pad – used for retraining the VOICE system’s voice recognition chip

7.5 Additional Notes

For those who wish to develop applications for the VOICE system please contact Vtronix
Inc. for information on driver coding and voice recognition training.

Also, feel free to contact Vtronix for technical support and vtronix-inc@sfu.ca.


