Text-to-Speech

What is text-to-speech?

     Text-to-Speech refers to the process of converting ASCII (American Standard Code for Information Interchange) text into audio speech.  ASCII codes are 7-bit codes used to denote all of the alphanumeric characters.  The following table gives the ASCII codes for all the numbers and letters as well as some standard punctuation symbols:

Table:

| Char  Dec  Oct  Hex | Char  Dec  Oct  Hex | Char Dec  Oct   Hex

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

| (sp)   32 0040 0x20 | @      64 0100 0x40 | `      96 0140 0x60

| !      33 0041 0x21 | A      65 0101 0x41 | a      97 0141 0x61

| "      34 0042 0x22 | B      66 0102 0x42 | b      98 0142 0x62

| #      35 0043 0x23 | C      67 0103 0x43 | c      99 0143 0x63

| $      36 0044 0x24 | D      68 0104 0x44 | d     100 0144 0x64

| %      37 0045 0x25 | E      69 0105 0x45 | e     101 0145 0x65

| &      38 0046 0x26 | F      70 0106 0x46 | f     102 0146 0x66

| '      39 0047 0x27 | G      71 0107 0x47 | g     103 0147 0x67

| (      40 0050 0x28 | H      72 0110 0x48 | h     104 0150 0x68

| )      41 0051 0x29 | I      73 0111 0x49 | i     105 0151 0x69

| *      42 0052 0x2a | J      74 0112 0x4a | j     106 0152 0x6a

| +      43 0053 0x2b | K      75 0113 0x4b | k     107 0153 0x6b

| ,      44 0054 0x2c | L      76 0114 0x4c | l     108 0154 0x6c

| -      45 0055 0x2d | M      77 0115 0x4d | m     109 0155 0x6d

| .      46 0056 0x2e | N      78 0116 0x4e | n     110 0156 0x6e

| /      47 0057 0x2f | O      79 0117 0x4f | o     111 0157 0x6f

| 0      48 0060 0x30 | P      80 0120 0x50 | p     112 0160 0x70

| 1      49 0061 0x31 | Q      81 0121 0x51 | q     113 0161 0x71

| 2      50 0062 0x32 | R      82 0122 0x52 | r     114 0162 0x72

| 3      51 0063 0x33 | S      83 0123 0x53 | s     115 0163 0x73

| 4      52 0064 0x34 | T      84 0124 0x54 | t     116 0164 0x74

| 5      53 0065 0x35 | U      85 0125 0x55 | u     117 0165 0x75

| 6      54 0066 0x36 | V      86 0126 0x56 | v     118 0166 0x76

| 7      55 0067 0x37 | W      87 0127 0x57 | w     119 0167 0x77

| 8      56 0070 0x38 | X      88 0130 0x58 | x     120 0170 0x78

| 9      57 0071 0x39 | Y      89 0131 0x59 | y     121 0171 0x79

| :      58 0072 0x3a | Z      90 0132 0x5a | z     122 0172 0x7a

| ;      59 0073 0x3b | [      91 0133 0x5b | {     123 0173 0x7b

| <      60 0074 0x3c | \      92 0134 0x5c | |     124 0174 0x7c

| =      61 0075 0x3d | ]      93 0135 0x5d | }     125 0175 0x7d

| >      62 0076 0x3e | ^      94 0136 0x5e | ~     126 0176 0x7e

| ?      63 0077 0x3f | _      95 0137 0x5f | (del) 127 0177 0x7f

What can it be used for?

· Automotive applications such as telematics/driver information

· Products for visually impaired

· Caller ID and telephony devices

· Wireless accessories for cell phones, PDA’s, smart pagers

· Making robot cars talk!

How does text-to-speech work?

     There are 3 main solutions for converting text-to-speech:  Rule-based synthesizers, articulatory synthesizers, and concatenative synthesizers.  

(  Rule-based synthesizers:  Try to describe speech elements by parameters  

                                              related to formant frequencies, bandwidths, and  

                                              voicing.

(  Articulatory Synthesizers:  Imitate the physical human mouth; each 

                                               speech element is described by parameters of  

                                               the human mouth’s position and movement.  

(  Concatenative Synthesizers:  Takes a broad range of speech elements 

                                                   from an actual speech recording, with 

                                                   linguistic rules to select the units accordingly  

                                                   and links them to produce speech.  

     Of these 3 the concatenative approach seems to produce the most natural sounding speech.  The disadvantage of using this approach is a tremendous amount of memory is required for storage of all the different necessary speech elements, and so many concatenative text-to-speech solutions involved having to use several chips.  Winbond solved this problem with theirWTS701 chip.

     The WTS701 chip uses a Multi-Level Storage technique in which one of 256 distinct voltage levels are precisely stored per memory cell, providing eight more times more storage space for any given memory size than ordinary digital signal storage technology, which can only store a 0 or a 1.  This allows voice and audio signal to be stored directly into solid-state memory in their natural, uncompressed form, providing more natural sounding speech.    

     The WTS701 chip is very popular in industry because of its low cost and natural sounding speech capabilities.  One problem for hobbyists though, is that the chip comes in a 56 lead TSOP package with pins on a 0.5 mm pitch.  This makes simple interfacing and programming difficult and time consuming.  However, Devantech produces a chip that uses the WTS701 but that is designed for hobbyists.  It is simple to interface and program, and not too expensive.  

A practical chip for use in this class:

     The SP03 Text to Speech Synthesizer by Devantech is easy to interface, costs under $90 per chip, allows control over voice, speed, and pitch, speaks with a natural sounding voice, and can speak up to 30 predefined phrases.

	PL1 

+5V -
SDA -
SCL -
No Connect -
GND -
Spare -
GND -
RS232 Rx -
RS232 Tx -

5V Power Supply - up to 100mA
IC2 bus SDA connection
I2C bus SCL connection
Do not connect this pin
The 0 volt Ground line
Undefined pin - do not connect
The 0 volt Ground line
Connect to Tx on the PC
Connect to Rx on the PC

 
PL2 

+5V -
Status -
Sel 4 -
Sel 3 -
Sel 2 -
Sel 1 -
Sel 0 -
GND -

5V Power Supply - up to 100mA
High when speaking, Low when done
These are the binary select
inputs. They select one of the
30 predefined phrases


The 0 volt Ground line


	


     For the purposes of our class it is most likely that using the capability to speak one of 30 predefined phrases will be sufficient.  To use this capability, you need to connect the RS232 Rx pin to your PC’s Tx line, the RS232 Tx pin to the PC’s Rx line, the Gnd pin to the PC’s ground line, and the +5 V pin to a 5 volt power supply.

The 5volt supply is not shown in the photo below. The serial data format  is 8bits, No  Parity, 2 stop bits, 38400 baud:       

                            [image: image1.jpg]Pint





     Once you have the SP03 hooked up to your PC, you must use a PC program that can be downloaded from < http://www.robot-electronics.co.uk/htm/Sp03doc.shtml> .  The following is directly from this website, and provides easy instructions on how to use the program:

The SP03 configuration program is shown below and can be downloaded from here. It is a PC program only, we are not able to support other platforms.

[image: image2.png]42 5P03

P03 Speech Modue - Loader - Configustor - Tester & Coml " Com2.
T2 [Just 3 minutel Justa minutel Gery there s a aull wih the AE 35 uri. il Test | _Set
J22 | Gy, Floase stop, | can feel my mind qoima, 510p qery. please stop Test | _Set

23 | [Daisy dais. ave e you answer do_I bl oy 20 llfor the love of you__Test | _Set
I8 | [Good moming Gery. I eads for my frstlesson Test | _Set

I'Z5 Ty aod! itsfulof stars Test | _Set

Total Size o Phiases s 1588 bytes of 1325 avaieble

FogeUp | PageDw

Program

Ext

Volume Pich Spesd





     When you run the program for the first time, you should select the communications port you will be using, either COM1 or COM2. This will be remembered for the next time you run the program.
     The SP03 configuration program can store 30 phrases in 6 pages of 5 phrases each. Press the PageUp and PageDw buttons to change pages. Below the 5 edit boxes for the phrases is a message/status bar and 3 sliders for volume, pitch and speed. The volume and Speed sliders work as expected but the pitch is a little strange, try the seventh position! The pitch seems out of sequence with the rest of the positions, but that's the WTS701. Below the PageUp and PageDw buttons is the program button. This will program all 30 phrases into the Flash memory of the PIC16F872 processor on the SP03.

SP03.EXE Operation
The operation of the program is fairly easy. Start by selecting the Com port and setting the Volume, Pitch & Speed sliders as shown above. Now type something into one of the edit boxes and press the "Test" button to the right of that edit box. The words you typed will be spoken. Notice that the message bar keeps track of the number of characters used so far. This is the total for all 30 phrases. 

The "Test" and "Set" buttons
Both of these buttons cause the phrase to be spoken. The "Test" button uses and also stores the Volume, Pitch & Speed values set on the sliders. The "Set" button uses the Volume, Pitch & Speed values stored from the previous use of the "Test" button. Therefore you can have different Volume, Pitch & Speed settings for each of the 30 phrases. When you've all your phrases set-up and tested using the "Set" buttons you're ready to program them into the PIC16F872.

Programming the Phrases
Easy! Just press the "Program" button. Your phrases will be compressed and stored in the Flash memory of the PIC16F872 processor. The message bar will report the progress of programming. When programming is complete you will see the following screen:
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Notice that the "Test" buttons are de-selected. The remaining "Set" buttons have now changed mode and when pressed will cause the phrase to be spoken directly from the pre-defined phrases that you just programmed. Click in any of the edit boxes to restore the "Test" and "Set" buttons to normal.

     After you have flashed your pre-defined phrases into the SP03 you are ready to interface to the DSP.  To interface connect the +5 V to a power source, Gnd to a ground pin, Sel 0-4 to output pins on the DSP, and connect the Status pin to an input pin on the DSP.  If you are only using the predefined phrases you do not need to interface PS1 at all.                                                                                       

     To speak any of the phrases, simply send a command byte over the output pins corresponding to the number (0x01 through 0x1E) of the predefined phrase.  The numbers 0 and 31 (0x00 and 0x1F) are just parking values and do not cause any phrase to be spoken.  For example, to speak predefined phrase #26, send the byte corresponding to 26 (0x11010) to the pins Sel 0-4.  When the CPU has recognized and confirmed the new input it will raise the STATUS bit to a logic 1 and speak the phrase.  When the STATUS bit has gone high, send another command of either (0x00) or (0x1F), this will prevent the phrase from being repeated.  This must happen before the unit has finished speaking or the phrase will be repeated.  The STATUS bit will go to a logic 0 when the SP03 has finished speaking.  If you wish to send a line of text directly to the SP03 to be spoken without using the predefined phrases ability, or simply would like to know more about the SP03, refer to the following website < http://www.robot-electronics.co.uk/htm/Sp03doc.shtml> .  

The following are the mounting dimensions of the SP03:
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Cost


http://www.acronane.com  -  $89


http://www.zagrosrobotics.com  -  $85


http://www.junuj.org  -  $75

To learn more (references):

http://www.robot-electronics.co.uk/htm/Sp03doc.shtml 


- specs on SP03

http://www.winbond-usa.com/products/tts/productbriefs 


- to learn more and get specs on WTS701 processor

