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1. Introduction

This report describes the progress made in the project, ‘The Optical Recognition of Embossed Braille’, along with the required future development.

The project, ‘The Optical Recognition of Embossed Braille’ is a direct continuation of Iain Murray’s 1998 thesis, ‘A Portable Device for the Recognition of Braille’. The aim of this project is to further add to the work achieved in that project in order to achieve a prototype system that is functional, accurate and ergonomic. 

The completed system envisaged is a hand held unit that is rolled over the braille line and the corresponding information is converted to text in real time for output to a host computer, LCD display, or text-to-speech converter.

The original motivation for such a device follows,

“The Braille system is the preferred medium for written communication by persons with total blindness or very low vision. (Spragg J,1984). The device described in this document is not intended solely for use by the vision impaired but more by non Braille users in education and mainstream workplaces.

Students with severe vision impairment are now taught in mainstream schools. The method of note taking, assignment, homework presentation and general recording of verbal instruction is achieved on a manual Braille typewriter. However most teachers of these students are not Braille literate. Work completed by the student, in Braille, must therefore be translated by a third party into a format that may be read by the instructor. This situation may be extended to those in the workplace who wish to use Braille notes in their employment and would wish non Braille users to access said written information. When a fellow employee wishes to check this correspondence, they must either ask the Braille user what is written or the vision impaired person (VIP) must translate their work for use by others. This problem reduces to the fact that VIPs are comfortable with Braille but the sighted are not. Therefore, a communications barrier exists between the sighted community and Braille users. 

In some cases a person will lose sensitivity in the finger tips leading to an inability to continue reading Braille. Diabetes is believed to be the largest cause of blindness in Australia (Constable 1996). A symptom of diabetes is Diabetic Peripheral Polyneuropathy, a condition that leads to nervous dysfunction in the extremities. In many cases of head injury and in geriatrics, similar symptoms exist. This may cause a great deal of trauma, as the person will no longer be capable of written communication, if they are primarily a Braille user. A device such as that described herein would allow persons in such a situation to continue to read their preferred method of written communication.

Other applications of an optical recognition system for Braille include the conversion of old printed Braille to text for output to a Braille embosser (an embosser is a Braille printer) or speech synthesiser. The Braille dots tend to become flattened when frequently read or incorrectly stored. Therefore, a method of scanning old Braille texts would allow them to be stored electronically, constituting a major storage saving, particularly for Braille libraries. Additionally there is a requirement in the teaching of Braille to blind students for the instructor to control the reading speed. (ie. the rate the fingers are moved over the Braille text) At present the instructor grasps the students’ hand and guides it over the text. This may lead to the fingers moving off the line of text. The system envisaged would allow the instructor to scan the Braille at the desired rate and display the text on a commercially available re-freshable Braille display.

The Association for the Blind (WA) both teach and distribute Braille through their Technology and Training and Braille library departments respectively. As such, the specifications and end user requirements were obtained from these sources.”








[Murray]

Detailed in this report is past research and development into braille to text conversion, followed by considered methodologies of system operation and a brief overview of standard English Braille Code. Project progress up to this stage will then be discussed proceeded by the development required to complete the project.  

2. Background

2.1 Past Devlopment

There has been much research and development already into braille to text conversion systems, and a commercial version used in practice today in Japan exists. The following describes these developments and the various approaches they undertook to the requirements of the braille to text system.
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A commercial product, the “Braille Reader for the Blind” by Nippon Telesoft Co Japan, is described below.

Figure 1: Commercial Braille Scanner

“High-speed and accurate reading equipment or an analysis system for double-sided documents has not been available, although a Braille printer and an automatic Braille character system does exist. This new Braille reader makes it possible to display written Braille documents using a special Braille scanner. Also, such documents can be electronically saved and retrieved. At present, this new reader has been put into practical use at social welfare centers.” 

                                  [http://www.nedo.go.jp/iry/JITSUYOKA/e_jitu04_a.html ]

No other information (in english) was given, or could be found on the device in a comprehensive web based search.

2. “In the “Spermalie Institute” in Bruges, Belgium, a simple scanning device was made using a plotter. The pen was replaced with four light sensitive elements. This method could not be used with “Interpoint Braille”. An average fault of 2% was claimed. 

3. At the Technical University of Delft, the Netherlands produced a Braille reading tablet. This device used a ruler with a reading head that contained three light sensitive cells. The head needs to be moved along the lines of Braille, using the ruler. This system was very prone to positional errors.

4. In Le Centre Marie Morel, Paris, France, A standard scanner was used to digitise the Braille pages. The sensitivity of the scanner was reduced to a very low value, so that the Braille dots would appear as dark spots in the resulting image. The results appeared promising but according to Mennens, 1996 no further research was undertaken.

5. At the University of Sciences and Technology in Lille, France, a CCD camera with 512x512 pixel resolution was used to digitise the image. Due to the low resolution, the original is digitised in two steps. The system had an average error of 2% and an average conversion time of 7 seconds per line. The system was never used outside the laboratory (Mennens,1996).

6. At the University of Agriculture and Technology in Tokyo, Japan, research was done on recognition of both opaque and transparent Braille. A CCD camera was used for the detection of bright regions caused by LED illumination. The articles describe the recognition probability of the different set ups. No indications were given on practical use.

7. At the University of Sherbroke in Quebec, Canada, an optical probe was developed to read and spell Braille. The reading speed was five characters per second and the recognition rate appeared high. This device could read both single sided and interpoint Braille. It appears, however to be extremely difficult to position correctly.

8. At the University of Manchester, England, a system utilising illumination from two different angles and digitised with a CCD area array was reported. Both images are subtracted from each other. The result is an image that is insensitive to stains or stripes on the papers surface. This system has an average conversion error rate of 8%. This work was a masters thesis and no further research has been attempted.

9. At Katholiek Universiteit Leuven, Belguim, a method of scanning interpoint Braille on standard flat bed scanners was undertaken. This appeared to have good results in both accuracy and conversion speed (60-80 seconds per page). (
[Murray]

The above display great progress in braille to text conversion in the way that suits the requirements of their potential users. Yet none have made considerable advances or come close to producing a commercial real-time, portable design, which is the aim of this project.

2.2 Methodologies Considered

Many methodologies of operation were considered at the beginning of this project to improve on the design used in the ‘A Portable device for the Recognition of Braille’ thesis. Wanted improvements included a reduction in hardware requirements, faster and more accurate scanner operation, and a greater ease of use. These were also to make full use of the availability of superior equipment, namely the Texas Instruments TMS320C5402 Digital Signal Processor and Evaluation Board.

Three methodologies were considered for system development, namely the ‘Optical Mouse Approach, the ‘line at a time approach’, and the ‘Improved tried and true linear CCD approach’.  

The ‘Optical Mouse Approach’, was to simulate the way commercial optical mouses perform motion tracking and image detection. This method required no codewheel’s for motion tracking and with the use of an electronically variable lens, would allow the scanner to be held above the braille page and ‘aimed’ at the desired braille cells (a braille non-damaging approach). However this system must use area CCD’s for scanning, and as experienced at the University of Sciences and Technology in Lille, France the computational processing requirements of area CCD outputs make the system too slow. This factor along with system cost deemed the approach unsuitable.

The ‘line at a time’ approach was to utilise a linear CCD array the horizontal width of braille page to scan vertically the braille a line at a time. This method would allow great braille to text conversion rates, without too much computational burden. However this approach was also discarded due to potential positional problems keeping the scanner perfectly horizontal while scanning, along the with the obvious cost.

The ‘Improved Tried and True Linear CCD’ approach is essentially the same as the method used in the “A Portable Device for the Recognition of Braille’ project, but with some improvements ((). This approach will utilise a linear 128 x 1 pixel array, a codewheel with quadrature linear motion detection capabilities and the performance potential of the TMS320C5402 DSP. These will increase scanner operational accuracy and speed and a list of ergonomic improvements will serve to make the scanner easier to use. This is the chosen approach and hence consequently developed in this project.

2.3 The Braille System
“Braille is a system of embossed (raised) signs, which are formed by six dots arranged and numbered as in Figure . Eight dot Braille is in limited use in the computer application area and is used in the display of text attributes. As such eight dot Braille will not be further considered. Each dot can be set or cleared giving 2 6 (64) possible characters in the code. As can be seen from this available number of combinations, not all characters may be represented directly by this system. (ie. 26 upper case letters +26 lower case letter +10 numerals + punctuation marks greatly exceeds 64) Therefore, a system of contractions and abbreviations for words and letter combinations exists. This is commonly termed grade 2 or literary Braille. Each of these cells (Braille characters) is context sensitive, depending on absence/existence of previous, following and symbol characters in the string being read.
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Figure 2: The Braille cell.

All dots on a Braille page should fall on an orthogonal grid. When texts are printed double sided (Interpoint), the grid of the interpoint text is shifted so that the dots fall in between the primary side dots. For reference purposes, a particular combination may be described by naming the positions where dots are raised, the positions being universally numbered 1 through 3 from top to bottom on the left, and 4 through 6 from top to bottom on the right. For example, dots 1-3-4 would describe a cell with three dots raised, at the top and bottom in the left column and on top of the right column. In the original French, also in English and all other languages written in the Roman alphabet, that pattern would most often be used for the letter "m”. It can also have other meanings depending on language, Braille code and context.

The basis of the various Braille codes for the world's natural languages is a straight forward assignment of most of the dot patterns to letters of the alphabet, punctuation marks and other symbols. This is done with a certain consistency, quite often with reference to Louis Braille's original assignments, to the extent possible given the great variety of alphabets, accent marks, vocalisation marks, etc that are in use. For example, the "m" mentioned above would be used for mu in Greek, and mim in Arabic, both of which have an "m" sound. It is worth noting that it is not considered important for a Braille character to resemble the corresponding print symbol in "shape" and so few of them do. 

Dot height, cell size and cell spacing are always uniform, and so many significant characteristics of the text, such as italics used for emphasis, must be handled by such indicators in Braille. An exception is that formatting, such as the centring of main headings, is commonly used in Braille in much the same way and for most of the same purposes, as in print. 

Separate Braille codes may be used for notation systems other than natural languages, such as music, mathematics and computer programming, and even for highly specialised pursuits such as chess. The basis of such codes remains an association between the 64 possible Braille characters, or distinct sequences of such characters, and the symbols and other notational elements of interest. There is current research, under the auspices of the International Council on English Braille (ICEB), as to whether some of these separate codes, notably for mathematics and the sciences, should be combined along with the literary code into a single Unified Braille Code (UBC) for English.

As earlier stated the 64 distinct characters are insufficient to cover all possible print signs and their variants, it is necessary to use multi-character sequences for some purposes. Often this is accomplished by using certain characters as "prefixes" or "indicators" that affect the meaning of subsequent cells. For example, in English a dot 6 before a letter indicates that the letter is a capital, whereas otherwise it is understood to be lower case. For another example, dots 3-4-5-6, called the "numeric indicator", causes certain following letters (a through j) to be interpreted as digits.

The size of the Braille cell is such that only 25 lines of 40 cells each, that is 1000 characters, can fit on a page of the usual size, which is normally 11 inches wide by 11 to 12 inches deep. This contrasts with the 3500 characters that will fit on a standard, smaller, typed page. Moreover, Braille paper must be much heavier to hold the dot formation and the dots themselves considerably increase the effective thickness of a page. The result is that embossed Braille is very bulky. To mitigate this problem somewhat, most larger Braille books are published in "interpoint", that is with the embossing done on both sides of each sheet, with a slight diagonal offset to prevent the dots on the two sides from interfering with each other.(see Figure )

Partly because of the bulk problem, and partly to improve the speed of writing and reading, the literary Braille codes for English and many other languages, employ contractions that substitute shorter sequences for the full spelling of commonly-occurring letter groups. For example, THE is usually just one character in English Braille, not only in the definite article but also in words such as THis. However, that contraction may not be used in shorTHand, because of the way those words are constructed or pronounced. In other words, phonetics play a role in modern Braille but not so as to compromise an accurate representation of spelling or break syllable boundaries. Wherever the Braille character for THE appears, the reader can be sure that it stands for exactly those three letters and not some other sequence that may sound the same. This creates major problems in computer decomposition of grade two Braille with respect to syllable boundaries. 

When contractions are used, the Braille is usually called grade two in contrast to grade 1 transcriptions where all words are spelled out letter-for-letter. In English, which has 189 contractions, almost all Braille is grade two.” [Murray]
3. System Development

3.1 Fundamental System Operation

To enable the scanning of Braille material the scanner / camera assembly constructed by Iain Murray was used.

“The device is a hand held unit that is scanned over the Braille line by line and the results are converted to text in real time, so as scan continues, text is displayed, allowing the user to look at beginning of sentence and see if it is the section they wish to decipher, as would be the case with a sighted reader of standard text.” [Murray]

The device uses a selfoc lens and a 128 pixel linear CCD array to take a focused image slice of the braille cell. (For a detailed description of illumination, selfoc lens and CCD theory of operation, please consult section in the appendix I) A Texas Instruments TMS320C5402 Digital Signal Processor (DSP) will then be used to determine braille dot positions within an image slice. Once the DSP has determined the dot positions within a braille cell, the cell type is then coded and sent to a host computer for braille to text conversion and output.

The linear CCD array is set up to produce an image slice every 5.3 mS. For correct image capture and spatial locality however, the DSP only requires a certain number of image slices per inch. Hence a codewheel arrangement is used to trigger the DSP at set intervals of distance to capture only relevant incoming image slice’s. Also when backward scanner motion occurs (as a result of backtracking/retracing or hand jitter) the DSP must be aware in order to provide correct braille to text conversion. The codewheel arrangement is therefore equipped with quadrature linear motion detection capabilities which trigger the DSP when a change of scanner direction occurs. 

A timing board is used to provide the necessary signals for CCD operation (in conjunction with a clock signal from the DSP) and also conditions the codewheel signals passing to the DSP. The basic system operation and data flow is shown in figure 3.
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Figure 3: System Block Diagram and Flow (Adapted from [Murray])


The actual implementation of the system is displayed below.
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Figure 4: Prototype System Implementation
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Figure 5: Handheld Scanner Assembly

The timing circuitry, scanner assembly and 5402 DSP (as seen in figure X), are on separate board’s purely for prototyping ease of adjustment and modification. The developed  system will be an open ended design (eg incorporating a LCD display or text to voice unit) and will have these components all on the same board.

3.2 Linear CCD Operation

The CCD utilised in this application was the Taos TSL202R 128 x 1 Linear Sensor Array. For a detailed description on the workings of the linear CCD array consult appendix I


For correct CCD operation, two control signals, a clock signal (between 5 kHz and 5 MHz) and a serial-input (SI) signal (between 10 Hz and 30.7 kHz) must be supplied. The SI signal defines the amount of time between CCD image slice outputs for the individual pixel’s to accumulate light. The CCD provides a clock synchronised serial output (at pin AO1 / AO2) with each new clock cycle consecutively representing the amount of light each pixel has received. 

To choose an appropriate clock and SI frequency, aspects of system operation (ie scanner speed, DSP processing time requirements, A/D (analogue to digital conversion)) were taken into account. The following derivations describe.

1.
The TLCAD50 AIC (Analogue Interface Unit) found on the 5402 Evaluation Board used to convert the analogue signal of the CCD to a DSP required digital form is capable of sampling the CCD output at 22.5 KHz. If the linear 128 pixel CCD operates serially at 50 kHz,


Number of Pixels Sampled From 128 = (22.5 kHz / 50 kHz) x 128  = 57.6


, the possible number of pixels sampled by the AIC is 57, which is more than adequate for dot position recognition( the TMS320C50 AIC used in the previous design which operates at 10 kHz and therefore could only sample 25 pixels was sufficient). 

2.
Given CCD operation at 50 kHz and a total serial output duration of 130 cycles [TSL202R],



Duration of Serial Output = 130 . (1 / 50 kHz) = 2.6 mS


, the length of time required to output each linear image slice is 2.6 mS. Therefore, theoretically the SI pulse could be applied every 2.6 mS, to allow maximum scanning speed. But an important point of consideration is the processing requirement time of the DSP. If the DSP operates at 100 MHz and samples at 22.5 kHz then there are,



(DSP Cycle Speed) / (AIC Sampling Rate) =  100 M / 22.5 k = 4444


, 4444 cycles between each sample for the DSP to perform the necessary operations. With the future requirement that all braille recognition, conversion and comprehension (and overhead such as LCD display control etc) operations to be performed on the DSP not on a host computer, more than 4444 DSP cycles may be needed. Hence as a safety factor, the SI pulses will only be every 5.3 mS (186 Hz), giving an redundancy of over,



Redundancy time x DSP cycles per second = (5.3 mS – 2.6 mS) x 100 M 

          = 270 000 cycles


, 270 000 cycles (near overkill) after the sampling period. Even so, given that the codewheel will only provide 92 scan interrupts per inch, the scanner can still operate at,

     Max Scanner Velocity  =    1  /  (Interrupts per inch / SI frequency)  

      =  1 / (92 / 186)         

      =  2.02 inch/s = 5.05 cm/s 



, 5.05 cm a second, which is adequate. 

The timing of CCD operations are shown below.  
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Figure 6: CCD Timing Requirements and Operation

3.2.1 SI Pulse Generation


The SI pulse is generated by using a 555 timer in conjunction with a 74LS221 non-retriggerable multivibrator. The 555 timer creates a 186 Hz signal, and consecutively the multivibrator is triggered every negative edge of the 555 signal to produce a pulse of 23 (S duration (at least 1 50kHz clock cycle). This signal is then AND’ed with the 50 kHz clock signal from the DSP (its derivation is discussed in section 3.4.2) for synchronisation with the clock signal. To provide the required SI pulse to CCD clock signal delay as seen in Figure X, the DSP clock is delayed 80 nS by a 74LS31 delay line. The implementation and oscilloscope measurements proof of operation are shown in figure 7 and figures 8, 9 and 10 respectively.
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Figure 7: SI Pulse generation circuit.
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Figure 8: 555 timer and SN74LS221 Output




Figure 9: 74LS31 Delay line Operation

The resulting control CCD signals are shown below, displaying the synchronisation requirements as given in figure 6.
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Figure 10: CCD SI and 50 kHz clock signals 

The entire image capture system (illumination, lens and CCD) produced the following CCD output of example braille cells. Clearly from this output the position of braille dots within an image slice can be determined.

[image: image22.png]C

Proveaion. o

C

Proveaions s,







Figure 11: CCD output displaying 3 braille dots
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Figure 12: CCD output displaying a 1-0-1 braille cell

3.3 Linear Motion Detection

By utilising a codewheel arrangement with facility for quadrature linear motion detection, the scanner direction (backward or forward) may be discerned.  Hence, 

“Normal hand jitter or missed characters that are re-scanned by moving the scanner backwards over the line, may be easily allowed for and corrected.” [Murray]

3.3.1 Theory Of Operation
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As seen in the following diagram the codewheel has a number of slots, 6 in this simplified case.



Figure 13: Example codewheel design
“ Shining through the slots are two LEDs (light Emitting Diodes) shown by the black dots. Each LED shines on to a light sensitive transistor. The two emitters are spaced so that, when one transistor can 'see' its LED through the centre of its window, the other LED is looking at an edge and is therefore switching on or off.. In the diagram LED A is fully illuminated and LED B is switching. Note that LED B may be switching from light to dark or from dark to light - this depends on the rotation direction”

If LED A is measured everytime LED B goes from light to dark, if LED A is light then we are rotating clockwise, but if LED A is dark, then we have anticlockwise rotation. The number of transitions can also be measured to determine distance.” [Torrens]

The required logic to determine codewheel direction of rotation will be implemented on the DSP using interrupts.

3.3.2 Implementation

.
For quadrature linear motion detection, the 36 slot codewheel and shutter arrangement from a Generic Serial Mouse was used with GL480 LED’s and PT481H filtered phototransistor’s. A gear set was then utilised with a tracking wheel to provide an effective 92 light to dark transitions per inch (in turn giving a suitable number of image capture signals per inch for reliable dot recognition).


In this application the PT481F phototransistor produced a voltage between 1V and 5V depending on the position of the codewheel shutter. For correct quadrature linear motion detection operation it was found necessary to pass they’re output through LM741 comparators so they’re output is either low (0V) or high (5V).  Hence a cutoff voltage to 
 represent a high voltage was chosen to be 2.5 V, and implemented by voltage division as seen below connected to pin 3 of the LM741. 
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14: Phototransistor Output Conditioning Circuitry
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Figure 15 portrays the operation of the LM741 Comparator. 





Fig 15: Photodiode, Comparator Output

The codewheel and shutter arrangement from the Generic Serial Mouse performed as expected providing the following output signals illustrating the ability to determine direction from the high or low logic state of phototransistor B at a Phototransistor A negative edge. Ie,
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Fig 16: Codewheel outputs illustrating Forward Motion
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Note, when comparator B goes from high (5V) to low (0V), comparator A is high (5V).

Fig 17: Codewheel outputs illustrating backward Motion
Note, when comparator A goes from high (5V) to low (0V), comparator B is high. Comparator A output is connected to the X_INT 3 (external interrupt) pin, and comparator B is connected to the XF (external flag) pin on the expansion peripheral interface on the 5402 DSP evaluation board. The DSP will then perform the required direction of scan logic as described in section 3.4.1.

3.4 DSP Operation

The DSP to be used in this project is the 100 MHz Texas Instruments TMS320C5402 with evaluation board. Its features are listed below.

· Standalone development platform for TMS320VC5402 DSP

· 192K words 0 wait program memory

· 64K words 0 wait state data memory

· 32K words FLASH boot ROM

· TLC320AD50 AIC onboard (22.5 kHz sampling rate)
· Additional onboard UART

· 4 expansion connectors plus JTAG interface

[www.ti.com]

This DSP and evaluation board combination provides altogether a much more suitable and higher performance platform compared to the TMS32C50 as used previously. As such it should be more than adequate for the processing requirements and system development needs of this project.

DSP operations in this project will include,

· CCD image slice capture and dot position recognition

· Scanner Quadrature Linear Motion Detection

· 50 kHz CCD clock generation

· Braille cell communication with the host computer
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A block overview of the DSP and the data flow in and out for this project is shown  in figure 18.



Figure 18: DSP Block Diagram and Data Flow

3.4.1 Proper Image Capture Operation and Quadrature Linear Motion Detection

As described in Fundamental System Operation, the DSP needs only to capture  relevant image slices coming from the CCD at specified intervals of scanner travel as triggered by the codewheel. The DSP must also check for backtracking using quadrature linear motion detection so as to disregard image slices in periods of backward scanner motion.

The CCD image slice output is connected serially to the on board TLC320AD50 (Analogue Interface Circuit) for sampling. Incoming image capture control signals and the 50 kHz CCD clock output are relayed through the onboard Peripheral Expansion Interface (see Figure 18). The SI pulse is connected to the X_INT2 (External Interrupt 2) pin, and the conditioned outputs of the photodiode’s A and B are connected to X_INT3 (External Interrupt 3) and XF (External Flag) pins respectively. The DSP considers an interrupt to be a signal on an interrupt pin that is logical high for at least 2 DSP clock cycles, followed by logical low for at least 2 DSP clock cycles, ie a negative edge. The following pseudocode describes the required DSP algorithms to deal with each of the interrupts and make logical decisions.

DSP Response to X_INT2 Event

{

/*The SI Pulse provides an interrupt to X_INT2 every 5.3 mS, 

the DSP will then only process the CCD image slice from the AIC if a X_INT3 event (indicating a codewheel trigger signal) occurred in the last 5.3 mS AND XF equals zero (indicating forward motion, refer to figure 16, forward motion)*/

IF    ((timer_variable  == 1) && (XF == 0))    {



   Record the next 57 AIC samples and process;




}

timer_variable = 0;

//reset timer_variable, is set every time X_INT 2  

//occurs, ie every 5.3 mS

}

DSP Response to X_INT3 Event

{


timer_var = 1;

  
//codewheel trigger interrupt has occurred

}

3.4.2 50 kHz CCD Clock Generation
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To reduce the amount of hardware required to operate the CCD, the DSP was utilised to create the necessary CCD 50 kHz clock signal. The TMS320C5402 DSP has an on chip timer sub-system shown below capable of doing so.




Figure 19: Timer Block Diagram


The 5402 DSP evaluation board runs at 100 MHz, and due to functional reasons the CLKOUT1 input into the timer sub-system is half the DSP clock speed, ie 50 MHz. To obtain the required 50 kHz TOUT frequency, the timer sub-system effectively performs the following operation where the 16 bit PRD (PeRioD relative to input signal) register is set to 999 (decimal), and the TDDR (timer divide down register) is set to 0.
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The operation is set up entirely in a DSP initialisation routine with the following code,

LDP 
#0

SPLK
#999,PRD ;
Load timer period for 20 us period.

OPL 
#8,IMR ;
Set timer interrupt mask bit

SPLK
#20h,TCR ;
reload and start timer.

SPLK 
#1000b,IFR ;
Clear any pending timer interrupts.

CLRC 
INTM ;
global interrupt enable.

The resultant 50 kHz signal is available at the X_TOUT (External timer out) pin on the Expansion Peripheral Interface.

4. Further Project Development Requirements


Much of the hardware development and required learning for this project has been accomplished at this point in the development cycle. For the remaining half of this project term, work will be concentrated to having a fully working prototype system. The future development requirements are described following.

4.1 Removal of CCD Output distortion

The large amount of distortion present in the CCD output signal as seen in figure 11 and 12, will play havoc on the dot position determination process due to the large variance of the signal during a clock cycle, and consequently sample values. It is most certainly the result of transmission crossover effects from the 50kHz clock and SI pulse which are currently neighbouring right next to the CCD output signal on the scanner assembly cable. Proof of this is seen in oscilloscope readings when the signal is not passed through the cable (for testing purposes,) no distortion effects are evident. While this problem is of no consequence for a developed system where all hardware is on the same board (ie no cable, no transmission effects), for the prototype system, it may heavily reduce system accuracy. Two solutions exist,

1. Physically place the CCD image slice signal on a separate noise insulated cable.

OR, if this does not fix the problem,

2. Use the DSP to bandpass filter the CCD output signal before processing. An simple analogue filter was tested, but was not to great benefit. A sharper cutoff region (as possible by a digital filter or complex analogue filter) is required due to the closeness of information and noise frequencies

4.2 DSP Software Development and Testing 

The brunt of the workload required to complete this project is in the development and testing of DSP and host computer programming code. While the software developed in the previous project can be re-used to an extent, much will need to be modified or totally re-written. 

The TMS320C50 (as used previously) and theTMS320C5402 are based on the same platform, yet a large amount of DSP code will still have to be written to accommodate the hardware changes and extra tasks. The extra software development tasks include:

· To apply fuzzy logic fundamentals in determining dot position within a image slice. This will provide for greater positional flexibility in dot position within a image slice as the scanner is moved up and down the braille line.

· To provide a complete cell map storage “database” as required for braille cell recognition, as well as to reduce the storage requirements of each cell through octal system coding optimisation.

· To provide compatibility for scanning standard as well as interpoint braille

Software development will be aided by the utilisation of the Code Composer Studio IDE (Integrated Development Environment) supplied with the 5402 DSP evaluation board.

4.3 Power Usage

A major consideration for the developed system that will be portable and hence

rely on battery power, is power consumption. At present the scanner illumination LED’s are on continuously, regardless of CCD operation. Ideally illumination is only required when scanner motion is detected, and due to the operation of DSP image capture algorithm (where only relevant image slices are processed, refer to section 3.4.2) operation would not suffer if the LED’s were powered only after a codewheel triggering event. This task could easily be implemented with a multivibrator triggered by the conditioned Photodiode A negative edge in conjunction with an op-amp to (power the LED’s).

4.4 Ergonomics


At present the scanner assembly is quite difficult to operate easily due to a number of problems. These are described and solutions are provided for in the following,

· “The device in its prototype form is very hard to keep vertical and on the Braille line. Development of the ergonomics would improve recognition and ease of use by keeping the image within the defined lens area.

By incorporating a second roller on the scanner assembly, the lens may be kept better aligned. If the lens begins to move off the Braille line, the lines above or below will be felt as they pass under one of the rollers. Having two rollers will also have the effect of forcing the scanner to move in a straight line with respect to the Braille line being scanned. Figure  illustrates a possible method of including this change”. [Murray]

[image: image2.png]Lens
Array

Roller Roller

Line being scanned




Figure 20: Improving alignment.

· At present if the scanner moves faster than 5 cm/S (not a great velocity) due to CCD’s presently limited speed of operation, the scanner will miss / lose valuable data. The DSP can detect this event through the counting of two X_INT3 (codewheel) interrupts between X_INT2 (SI pulse) interrupts. By incorporating a simple LED, triggered from the memory mapped I/O expansion interface to indicate this event to the user, system operation will not need to suffer.

Note: These improvements are however not critical to prototype system operation, and hence will be dropped if project development is falling behind schedule.

6. Bibliography

1. Murray Iain, 1998, A Portable Device for the Recognition of Braille, Curtin University of Technology, Perth Western Australia

2. Torrens Richard, 1995, www.howstuffworks.com, Mice: How do they Work?
3. Nippon Telesoft, 1994, http://www.nedo.go.jp/iry/JITSUYOKA/e_jitu04_a.html , Braille Reader for the Blind

4. Texas Instruments, 1997, TMS320C5X Users Guide, Texas Instruments, USA

5. Texas Instruments, 2002, Code Composer Studio / Help Index, Texas Instruments, USA

6. Taos Instruments, 2001, TSL202R 128 x 1 Linear Sensor Array, Taos Instruments , USA

Appendix I: Image Capture Theory of Operation

Image Capture System

The image of the Braille cell is captured via a gradient refraction index lens and linear CCD array. Illumination is provided by a light bar consisting of four HE red LEDs encapsulated in a diffused medium to provide a even level of illumination over the cell area.

Illumination

Illumination is supplied by an array of 4 red LEDs. The schematic diagram for this sub-system is illustrated in Figure 4 below. The package supplies 45mcd luminance intensity at 635nM wavelength. This corresponds to the peak sensitivity of the linear array CCD of 600 to 950nm. Additionally, it was found that discolouration of the Braille paper is less noticeable under this particular wavelength of illumination when compared to the yellow, green and white illuminations also tested.
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Figure 41: LED array circuit.

Physical placement of the LED array was determined by trial and error. An angle of incidence of approximately 20 degrees with respect to paper surface and a driving current of 40mA rendered highly discernible results.

The Lens System

Gradient index micro lenses have a radial varying index of refraction that causes an optical ray to follow a sinusoidal propagation path through the lens (Newport,1997). They combine refraction at the end surfaces along with continuous refraction within the lens. Such lenses are said to have a pitch of 1.0 when its length is such that a ray completes one sinusoidal period in travelling through the lens. Information contained in Newport, 1997 stated that for a working distance (Braille to lens) of 1mm and a focal length to CCD of 3mm, that a pitch of 0.29 was most suitable under red visible light.
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Figure 25: Gradient index lens properties.

The lens system used contains a 2 by 12 array of such elements mounted in the camera housing as detailed in figure X.  
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Figure 24: CCD and lens housing.(side view)
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Figure 25: CCD and lens housing.(front view)
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Figure 26: Focal distance for 0.29 pitch lens.
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Figure 26: Selfoc lens and linear array arrangement.

The Linear CCD Array

The image sensor is comprised of two sections of 64 charge mode pixels arranged in a 128x1 linear array with each pixel having dimensions of 120(m by 70(m with a 125(m center to center spacing.
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Figure 27: CCD linear array block diagram.

Light energy striking a pixel generates electron-hole pairs in the region under the pixel. The field generated by the bias on the pixel causes the electrons to collect in the element while the holes are swept into the substrate. The amount of charge accumulated in each element is directly proportional to the amount of incident light and the integration time. The integration period is defined by the interval between the externally supplied (SI) pulses and includes the output period.

When connected in serial mode, as the 64th pixel is clocked out the SI pulse is shifted out on the SO1 output. The SO1 pulse is then fed to the SI2 input. The 65th clock cycle terminates the output of the last pixel from the first section and clears the shift register of that section in preparation for the next SI pulse to that section. The rising edge of the 65th cycle also puts AO1 into the high-impedance state. The appearance of the SI2 signal and the 65th clock cycle initiates the output cycle of the second section. The second section of 64 pixels appears at AO2, and the SO2 signal is shifted out on the 128th clock cycle. The rising edge of the 129th clock cycle resets the second section and puts AO2 into the high-impedance state. Both AO1 and AO2 remain in this high-impedance state until a new external SI pulse appears on SI1. When the TSL202R is connected in serial mode, the analog output appears as a continuous string representing the 128 pixels.

On completion of the integration period, the charge contained in each pixel is transferred in turn to the sense node under the control of the clock (CLK) and serial-input (SI) signals.

The analog output voltage corresponds to the level of the first pixel after settling time (ts) and remains constant for a minimum time (tv). A voltage corresponding to each succeeding pixel is available at each rising edge of CLK.
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Figure 28: Timing requirements for the linear array.

[Murray]

Appendix II: Miscellaneous Calculations
SI Pulse Generation

555 Timer:


Frequency =        ___1.44_____      =    _______1.44_______         = 186 Hz  =  5.3 mS 

                                           (R1 + 2R2) C1
     (1.5k( + 2.1k()2.2(F

SN74LS221 Multivibrator


Pulse Width  =  Rext .Cext.ln 2  = 5k(. 6.8nF. ln 2  = 23 (S
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Appendix III: Timing Board Schematic




Figure 30: Timing Board Schematic
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