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[bookmark: _Toc317668428]Introduction
Current commercially available electronic Braille readers (aka refreshable Braille displays (RBDs) ) are based on piezoelectronics, making them very expensive – prices range from $1,650 to $15,000. Using different technologies, we believe that we can bring down the cost by an order of magnitude. The size of the device can also potentially be decreased, allowing users can carry it in their pockets. All these serve to make the device more accessible to the visually impaired.
[bookmark: _Toc317668429]Objectives
To create a RBD with small form factor and rechargeable batteries so as to enable portability. Braille dots will be actuated by sub-micro servos so as to minimize cost. The device will possess removable storage for ebooks, as well as a touch/button-based interface for browsing them. The device will also be able to interface with mobile devices via Bluetooth and a custom application, which will capture text for display in Braille.
[bookmark: _Toc317668430]Benefits
· Portable, allowing users to read Braille on the go.
· Lower cost of ownership – cost hundreds of dollars, instead of thousands.
[bookmark: _Toc317668431]Features
· Conforms to official Braille size and spacing standards.
· Removable storage for ebooks.
· Interface to browse stored ebooks in Braille.
· Bookmark function.
· Bluetooth connectivity.
· Convert text from mobile devices into Braille for display.
· Scrollable Braille text.
· Rechargeable battery.
· Firmware upgradable via USB.
[bookmark: _Toc317668432]

Design
[bookmark: _Toc317668433]Block Diagram
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)
[bookmark: _Toc317668434]Block Descriptions
Power Supply: It consists of a single cell 3.7V rechargeable lithium-polymer battery (LiPo) and a power regulator. LiPo is chosen for its low weight and slim form factor, both of which contributes favorably towards the portability of our device and in meeting the Braille dimension specifications. A single cell is used not only because of size and weight concerns, but also because all commercially available 3.7V LiPos are single celled. 3.7V is chosen because it is closest to 3.3V, which is the operating voltage common to all other blocks. This eliminates the need for voltage conversion, which adds complexity and increases power wastage. The power regulator will allow for power monitoring (necessary for LiPos) and recharging of the battery.
Braille Interface: It consists of two six-dot Braille cells, and each dot will be actuated by a sub-micro servo. Its dimensions will conform to the standards as specified by the National Library Service for the Blind and Physically Handicapped (NLS) of the Library of Congress. Sub-micro servos are chosen for their small size and weight and their ability to maintain their positions when no power is supplied. This reduces power consumption as compared to mechanisms where power is required to maintain the state of the Braille dots at all times. The interface will be controlled by the controller.
Controller: It consists of two microcontrollers – #1 will be solely responsible for converting ASCII text to Braille by sending PWM signal to the servos while #2 will be responsible for managing the sensor, removable memory and wireless transceiver. Both microcontrollers would have to communicate with each for proper operation, since #2 would have to obtain ASCII text from the removable memory or the wireless transceiver and send them to #1 for display. This setup is chosen due to the limited number of signal pin-outs on each microcontroller.
Sensor: It consists of two capacitive touch surfaces. They will be used to detect swiping and pressing gestures, which will be used to control the device.
Removable Memory: It consists of a microSD card and reader and will be used to store text documents. The user should be able to browse through the card’s contents and select any title for reading. It interfaces with the microcontroller via SPI protocol.
Wireless Transceiver:
This will be a Bluetooth module and will be used to communicate with cell phones and computers. A custom program will be used to extract text from them (e.g. SMS) and send it to the device for display.
[bookmark: _Toc317668435]Schematics
Refer to Appendix A.
[bookmark: _Toc317668436]Firmware and Program Control Flow
“Sense” ATMEGA328 Block Diagram
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“Control” ATMEGA328 Block Diagram
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Android Device Program Block Diagram
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[bookmark: _Toc317668437]Calculations
[bookmark: _Toc317668438][image: ]Required and Achievable Braille Cell Refresh Rate:
Median Braille reading speed:

Required refresh time:

Braille dot height as per specification is . If Braille dot is level with face plate when at rest, then this is the height delta,  that the servo needs to produce. Since servo produces rotational motion, this translates to finding the angle delta, . Due to geometry of the mechanism, the arm will be moving about the horizontal so as to minimize  while maximizing .
To minimize space, length of servo arm (green) will be reduced to half of servo body width. Further decrease in arm length will result in reduced pin (orange) movement due to geometry of mechanism. 
Using cosine rule:

Advertized speed of motor:

Time taken to achieve :

Time allowance for latency:

Latency could be due to microcontroller processing time. Microcontroller has a clock speed of 8MHz, and thus such latency is in the order of microseconds – too small to impact response time. Assuming time taken to achieve , including latency, is 0.01 s, then potential refresh rate is:

[bookmark: _Toc317668439]Power Usage and Battery Life Estimate
Power consumption data for the various components involved is sparse and not comprehensive. Even when data is available, they apply to ideal operating conditions and to different electronic setups (e.g. different operating voltage). Consequently we will treat given values as only estimates so to obtain a rough gauge on the amount of power required. Where a range is given for a particular value (e.g. nominal current drawn is 40mA, but maximum can be 50mA), the largest will be used so as to account for the worst-case scenario. Where power consumption values are not explicitly provided, they will be calculated from the current consumption data.
	Module
	Component
	Power consumption estimate

	Braille Interface
	12X Coreless 6mm DC Motor*
	

	Controller
	2X ATMEGA328P
	

	
	1X 8MHz Crystal 18PF SMD (CSM-7X)
	

	
	1X USB to UART Bridge - FT232RL
	

	Sensor
	1X MPR121QR
	

	Wireless
	1X Bluetooth SMD Module - RN-41
	

	Memory
	1X microSD card
	

	Power
	1X MIC5205-3.3
	

	
	1X MAX17043G+U
	

	
	1X MCP73831T-2ACI/OT
	

	
	Total:
	


*Data for servo is unavailable. The servo was dismantled and the dimensions of the micro-motor were noted (motor was unmarked). Datasheet for a micro-motor with the same dimensions was found and used here.
Thus largest current the battery must be able to supply is:

Factoring in size constraints (see next section) and commercial availability, we will use the 400mAh 2C 3.7V LiPo battery. The highest achievable discharge rate for this battery is:

While this is lower than the required maximum discharge rate, we can easily manage the deficit by disabling the memory and wireless modules when the Braille interface is being actuated. In this case, the battery just needs to supply

which is achievable with the current battery.
[bookmark: _Toc317668440]Size of Device
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	Dimensions (cm)
	Servo
	Battery

	Width
	0.8
	0.5

	Height
	1.6
	2.5

	Length
	2.0
	3.5



The diagram shows the Braille interface, the pin actuators (servos) and the LiPo battery and is intended to be a rough estimate of the dimensions of our device. These components occupy the most space and thus have the most impact on our device’s form factor. All other modules would be compacted to the base of the layout. This form factor is chosen so as to allow for scalability – additional cells can simply be added adjacent to the current setup. Also note that the size can be reduced by removing the housings of each servo and building a custom housing to fit all the mechanical and electronic components of all 12 servos.
Width of 2 Braille cells:

Width of 2 servos:

Thus we see that the width of 2 Braille cells more than accommodates the two servo columns.
[bookmark: _Toc317668441]Simulations
[bookmark: _Toc317668442]Not applicable.


Test & Verification
Requirements
Braille Interface (BI)
BI.1:	Braille cells to meet Braille size specifications as laid down by the National Library Service for the Blind and Physically Handicapped (NLS) of the Library of Congress:
0.057” (1.45mm) – dot base diameter
0.092” (2.34mm) – intracell dot spacing
0.245” (6.23mm) – intercell dot spacing (same line)
0.400” (10.16mm) – intercell dot spacing (adjacent lines)
0.019” (0.48mm) – dot height
a) Dimensions and placement of holes for Braille pins on face plate match specifications to within 0.001”.
i. 3D model (of Braille face plate) used for 3D printing must be accurate to within 0.001”.
ii. Precision of 3D printer is at least 0.001”.
b) Servo rotation produces vertical displacement of 0.019”±0.001”.
BI.2:	At most 0.133s for Braille cell to refresh. Time includes
a) microprocessor latency – moment from parsing of ASCII characters to sending of PWM signals.
b) servo latency – moment from receiving PWM signal to moving pins to the desired height.
Controller (CO)
CO.1:	Encodes alphanumeric characters into control signals for servos
CO.2:	Receives data from and transmits data to external sources.
a) Removable memory – Serial Peripheral Interface Bus (SPI).
b) Wireless transceiver – Serial Port Profile (SPP) or Host Controller Interface (HCI).
c) Sensor – Inter-Integrated Circuit (I²C) interface.
CO.3:	Performs gesture recognition on sensor data.
CO.4:	Voltage gauging and auto shutoff.
Sensor (SE)
SE.1:	Each cell of capacitive touch sensor detects user touch.
Removable Memory (RM)
RM.1:	Read from and write to memory with no errors.
RM.2:	Memory does not become corrupted with time and multiple accesses.
Wireless Transceiver (WT)
WT.1:	Transmits to and receives from Bluetooth devices that are at least 1m away with no errors.
a) Minimal radio interference.
i. No electrical components, surface/internal traces, GND planes or exposed biases are located below the transceiver’s antenna and shielding connections.
ii. Antenna of transceiver protrudes 5mm past any metal enclosure (specific to RN41).
Power Supply (PS)
PS.1:	Provides 3.3V at 735mA throughout 1 hour of continuous operation.
PS.2:	Rechargeable. PS.1 is still met after recharge.

	Req.
	Verification
	Expected Results

	BI.1
	a. Use digital calipers to measure dimensions after pins have been inserted through the Braille face plate.
i) Use tape measure tool in Google Sketchup to make measurements of 3D model.
ii) Use Ponoko.com official documentation to ensure 3D model scale to manufacturing scale is consistent.
b. Use an Arduino to command the servo. Measure length of servo arm (via digital calipers) and angle of arm rotation (via precision protractor).
	a. Dimensions should match specifications to within 0.001”, which is the precision of digital calipers.
i) measurement tool outputs results matching the Braille specifications mentioned in requirements
ii) 1:1 scaling ration between 3D model and manufacturing
b. Vertical displacement should be calculated via measurements to be 0.019”±0.001”.

	BI.2
	Position a resistive touch sensor 0.019” above a Braille dot and connect it to a logic analyzer. Insert test sequence into firmware to continuously parse two characters with different Braille patterns. Measure the period of the signal on the logic analyzer.
a. Use micros() to get time before calling the parsing function. Use micros() again to get time after instruction to send PWM signals. Find difference between the two values to get running time. Loop test for 1000 cycles and store time in array. Account for running time of micros() and array access (can be found via a separate test). Find average time and longest taken at the end of the test. Note that micros() has a resolution of 8µs when ATMEGA328 is run at 8MHz.
b. Using the same resistive touch setup, attach a second logic probe to the PWN connection. Use an Arduino to command the servo. Latency of the servo is found by taking the difference between the start of the PWN signal and the start of the resistive touch signal.

	Period must be at most 0.133s.
a. Longest time taken should be <1000 us.
b. Sum of servo latency and microprocessor latency should be at most 133ms.

	CO.1

	Insert test sequence into firmware to sequentially parse all alphanumerical characters. Character that is currently being parsed is outputted to debugging console. Observe Braille cells to see whether if patterns are correct.
	100% Braille pattern match with their corresponding character.

	CO.2
	Perform tests for SE.1 and WT.1. Note the following changes: connect modules to the controller instead. To test reading from RM, write a 1KB randomly generated text file to memory using a commercially available reader/writer (a laptop with microSD card slot) and connect it to the controller. Modify firmware to dump memory contents to debugging console.

a, b & c. Connect channels involved to the corresponding ports of an Arduino. Modify firmware to output incoming data from all three interfaces to debugging console. Upon reception of data, firmware should send a reply string back through the interface involved. Set up Arduino to also output data from the connected ports to a separate debugging console. The Arduino will initiate communication by sequentially sending a string through each one the three interfaces.
	Tests for both SE.1 and WT.1 should pass. Output on debugging console should match contents of text file.
a, b & c: In both debugging consoles, there should be 100% match between generated text and output text on debugging console.

	CO.3
	Modify firmware to output gesture characterization data to debugging console. A human tester will perform gestures from a randomly generated list of gestures with 100 entries. The output will be compared against the list for discrepancies.
	Gesture detect output must match list of user input gestures 100/100 entries.

	CO.4
	Connect a function generator to the power ports in place of the LiPo battery. Set it to supply 3.7V DC and gradually lower the voltage to 3.0V. Measure the voltage across the servo’s power inputs using a multimeter.
	When supply voltage from function generator drops below 3.4V DC, regulated voltage across GND and 3.3V pins should be close to 0V. Above supply voltage of 3.4V, regulated voltage across GND and 3.3V pins should be 3.3V±1%.

	SE.1
	Connect an Arduino to the capacitive touch sensing chip and set it to continuously output touch data to debugging console. Perform the following tests:
1. Sequentially touch each capacitive cell using conductive foam (so as to standardize contact surface area) to check individual response.
2. Touch multiple cells at the same time using larger foam blocks to check for ability to handle multiple cells simultaneously.
3. Drag foam block across cells to check time-based response.
	Console output indicating the ID of touched capacitive cell should match the actually touched capacitive cell exactly for all cells 100% of time in all three tests.

	RM.1
	Write .txt version of Pride and Prejudice to the RM using a commercially available reader/writer (a laptop with microSD card slot). Disconnect, and then reconnect memory to reader/writer. Compare the stored text with the original.
	There should be 0% difference between the binaries of the stored and read text files.

	RM.2
	Memory integrity is guaranteed by manufacturer. Not practical to test ourselves.
	Not applicable.

	WT.1
	Connect module to an Arduino set it to output ping data to debugging console. Use a commercially available device with similar wireless connectivity (Bluetooth on cell phones) to ping the reader 1000 times at a distance of 1m. If there is no packet loss, increase separation by 10cm and repeat ping test. Stop until packet loss occurs to find out maximum range of device. Repeat test, but now set the Arduino to ping back via the wireless module.
a. Test is beyond our current abilities.
i) Visual inspection.
ii) Not applicable as metal enclosures will not be used.
	Maximum range of device should be more than 1m.
a. Not applicable.
i) No electrical components, surface/internal traces, GND planes or exposed biases are located below the transceiver’s antenna and shielding connections.
ii) Not applicable.

	PS.1

	Begin with a fully charged battery. Attach conductive foam to a DC motor and place it on the touch sensor to simulate continuous swiping motion. The device will continuously cycle through the .txt version of Pride and Prejudice, which will be stored on the SD card. The battery voltage and current consumption will be measured via an oscilloscope (connect a 0.01Ω resistor in series with the servos and measure the voltage across it to get current value) and plotted over time in Matlab.
	Number of instances where the voltage drops below 3.3V and the current drops below 735mA should be 0.

	PS.2
	The battery would have been depleted by the end of the test for PS.1 Otherwise continue test until voltage has dropped below 3.3V. Proceed to charge battery and measure its voltage via an oscilloscope throughout the entire charging period. Plot the voltage over time in Matlab to check for voltage spikes and inability to be recharged back to 3.7V. Test for PS.1 will then be performed again.
	There should be no voltage spikes and the battery voltage should be 3.7V when recharged. Test for PS.1 should still pass.

Note: a voltage spike is defined here to be a sequence of sudden increase and then decrease in voltage or vice-versa with a magnitude of >0.3V within a 2 second time period.


[bookmark: _Toc317668443]Tolerance Analysis
It’s apparent that the controller is the most important component in our design. The fact that one microcontroller is in charge of handling four components (sensor, memory, wireless and another microcontroller) may well lead to complications.
Recall that the required refresh speed is established to be. We assumed that the margin of allowance for microcontroller latency is huge relative to the microcontroller’s instruction execution time and thus the above speed is easily achievable. However, Bluetooth communication may introduce non-negligible latencies due to error correction. If the user is manipulating the touch interface at the same time, the device may well become noticeably less responsive. Thus we will have subject our device to a wide range of operating conditions so as to ensure reliability of performance.
In addition, the microcontroller is also responsible for gesture recognition. While libraries exist for such tasks, we still have to determine the sensitivity thresholds ourselves and find the sweet spot(s) that enables a pleasant user experience. Since this is largely a subjective measure, we will have to do it via trial and error. Also note that the visually impaired often possess higher tactile acuity than the average population. Consequently we will try to enlist a number of such individuals to gather usage feedback and refine our design.
[bookmark: _Toc317668444]

Ethics Considerations
	IEEE Code of Ethics
	Considerations

	1. To accept responsibility in making decisions consistent with the safety, health and welfare of the public, and to disclose promptly factors that might endanger the public or the environment.
	Explosions can be a problem for battery-powered mobile devices (as evidenced by exploding cell phones). We will design and test the device to ensure that the LiPo battery maintains stable performance.

	2. To avoid real or perceived conflicts of interest whenever possible, and to disclose them to affected parties when they do exist.
	We want to score well in this course and to create an awesome device; but we do have other commitments that compete for our time, attention and resources. We will try our best to balance and strive for these goals in a scruplous manner.

	3. To be honest and realistic in stating claims or estimates based on available data.
	We will advertise accurate battery life and reliability of performance.

	4. To reject bribery in all its forms.
	Not applicable.

	5. To improve the understanding of technology, its appropriate application, and potential consequences.
	Not applicable.

	6. To maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations.
	We admit that we are not experienced and skilled in creating such devices. But we are willing to learn, and we need it to graduate.

	7. To seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others.
	We will do that throughout the course.

	8. To treat fairly all persons regardless of such factors as race, religion, gender, disability, age, or national origin.
	Not applicable.

	9. To avoid injuring others, their property, reputation, or employment by false or malicious action.
	Not applicable.

	10. To assist colleagues and co-workers in their professional development and to support them in following this code of ethics.
	We will do that throughout the course.





[bookmark: _Toc317668445]Parts & Costs
[bookmark: _Toc317668446]Parts
	Module
	Part
	Unit cost
	#
	Subtotal

	Braille Interface
	HK-282 Ultra-Micro Servo 2.2g / 0.2kg / 0.08sec
	$3.99
	12
	$47.88

	
	Piano wire (for Braille pins)
	$1.43
	1
	$1.43

	Controller
	ATMEGA328-AU
	$3.83
	2
	$7.66

	
	8MHz Crystal 18PF SMD (CSM-7X)
	$0.56
	1
	$0.56

	
	USB Mini-B SMD Connector
	$1.50
	2
	$3.00

	
	USB to UART Bridge - FT232RL
	$3.95
	2
	$7.90

	Sensor
	Capacitive Touch Sensor Controller - MPR121QR2
	$1.95
	1
	$1.95

	Wireless 
	Bluetooth SMD Module - RN-41
	$24.95
	1
	$24.95

	Memory
	microSD Socket for Transflash
	$3.95
	1
	$3.95

	Power
	400mAh 2C 3.7V LiPo Battery
	$7.95
	1
	$7.95

	
	MIC5205-3.3YM5 TR
	$0.66
	1
	$0.66

	
	MAX17043G+U-ND
	$ 1.25
	1
	$1.25

	
	MCP73831T-2ACI/OT
	$0.68
	1
	$0.68

	Misc.
	Mini Push Button Switch - SMD
	$0.95
	2
	$1.90

	
	Rocker Switch - Medium
	$0.50
	1
	$0.50

	
	0.1 µF (LMK105BJ104KV-FCAP CER 0.1UF 10V 10% X5R 0402)
	$0.04
	10
	$0.40

	
	1 µF (JMK105BJ105KV-FCAP CER 1UF 6.3V 10% X5R 0402)
	$0.12
	1
	$0.12

	
	4.7 µF (JMK107BJ475MA-TCAP CER 4.7UF 6.3V 20% X5R 0603)
	$0.27
	2
	$0.54

	
	10 µF (C2012Y5V1A106ZCAP CER 10UF 10V Y5V 0805)
	$0.32
	4
	$1.28

	
	330Ω (ERJ-3GEYJ331VRES 330 OHM 1/10W 5% 0603 SMD)
	$0.02
	5
	$0.10

	
	1kΩ (ERA-V33J102VRES 1.0KOHM 1/16W 3300PPM 5%0603)
	$0.95
	5
	$4.75

	
	2.5kΩ (MC102822501JERES THK FLM 2.5K OHM 1.5W 5% SMD)
	$1.77
	1
	$1.77

	
	4.7kΩ (ERJ-3GEYJ472VRES 4.7K OHM 1/10W 5% 0603 SMD)
	$0.02
	1
	$0.02

	
	10kΩ (ERJ-3GEYJ103VRES 10K OHM 1/10W 5% 0603 SMD)
	$0.02
	6
	$0.12

	
	75kΩ (ERJ-3GEYJ753VRES 75K OHM 1/10W 5% 0603 SMD)
	$0.02
	1
	$0.02

	
	LED (LTST-C191KFKTLED RED ORAN CLEAR THIN 0603 SMD)
	$0.41
	9
	$3.69

	
	Custom laser cut chassis from Ponoko
	$25.00
	1
	$25.00

	
	PCB
	$10.00
	1
	$10.00

	
	
	Total
	$166.30


[bookmark: _Toc317668447]Labor
	Member
	$/hour
	# of weeks
	Hours/week
	Total # of hours
	Subtotal
	Multiplier(x2.5)

	Mingjie Wang
	$20
	12
	15
	180
	$3,600
	$9,000

	Rajarshi Roy
	$20
	12
	15
	180
	$3,600
	$9,000

	
	
	
	
	
	Total
	$18,000



[bookmark: _Toc317668448]Grand Total
$18,000 + $166.30 = $18,166.30

[bookmark: _Toc317668449]Schedule
	Week
	Task
	Member

	2/13
	- Research for sensors, wireless receiver & battery charging electronics
	Mingjie

	
	- Research for mechanical components (servos), microcontroller & memory
	Roy

	2/20
	- Sign up for Design Review
- Finalize and order parts
	Mingjie

	
	- Set up Microcontroller and run test programs
- Complete design review
	Roy

	2/27
	- Charging circuit prototyping
	Mingjie

	
	- Interface with one Braille cell working
	Roy

	3/05
	- PCB design
	Mingjie

	
	- Prototype on breadboard the SD card and Memory interface
	Roy

	3/12
	- Individual Progress Report
- PCB Design
	Mingjie

	
	- Individual Progress Report
- Miniaturize servos and Braille cell form factor and power supply testing
	Roy

	3/19
	- Solder/reflow of PCB components
- Testing of Controller Board
	Mingjie

	
	- Prototyping of user interface components such as sensors, buttons, on/off switch
	Roy

	3/26
	- Sign up for Mock-up Demos
- Testing of Controller Board
	Mingjie

	
	- Assembly of electronic components for mock-up demo
	Roy

	4/02
	- 3D design of chassis and ordering from Ponoko.com
	Mingjie

	
	- Make Android Demo Application
	Roy

	4/07
	- Power Circuit Testing
	Mingjie

	
	- Testing of Memory and Bluetooth 
	Roy

	4/16
	- Final Testing
- Work on Final Paper
	Mingjie

	
	- Final assembly of components and chassis
	Roy

	4/23
	- Sign up for Demos
	Mingjie

	
	- Work on Final Paper
	Roy

	4/30
	- Finalize Final Paper
	Mingjie
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Appendix A
Controller board schematic
[image: C:\Users\Rajarshi\Downloads\project10_design_review\ControllerBoard.png]
Capacitive touch sensor board schematic
[image: C:\Users\Rajarshi\Downloads\project10_design_review\CapacitiveSensorBoard.png]
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