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Abstract

In this project report, we briefly describe the intended final product of our project, the TypoDeluxe, and detail the keyboard interface component.  We also implement the keyboard interface and demonstrate our results.
Introduction
The final product, the TypoDeluxe, is a wireless ASCII text communication device.  The design of such a product tests our skills as computer engineers in developing the hardware, software, and interfaces of the TypoDeluxe.
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The overall functionality of the system is shown in figure 1.  In this image, two of the devices are communicating text messages to each other via radio transceivers.  In the prototypes, keyboards are used as the input devices and VGA monitors are used as the output devices.  We realize that the use of these components is impractical in final implementation because they are large and unwieldy.  However, for our development, they are inexpensive and readily available.  Moreover, the computer development board that we are using, Altera’s UP2, has PS/2 and VGA ports for the keyboard and monitor, respectively.  The final product would, of course, use smaller, more efficient components.
Beyond the task of building text communicators, we are also implementing a complex compression scheme into the product.  The scheme we have chosen is similar to that used in the bzip2 library: a Burrow-Wheelers Transform of the raw text, followed by a Move to Front encoder, and finally finished with an entropy encoder, namely a Huffman encoder.  The encoder will not be easy to implement with VHDL in the hardware, but we believe it will provide very good compression of the text.  Text compression will result in more hardware and therefore more power consumption, but the power saved by shorter transmission times more than makes up for it.  Overall low power consumption will provide longer battery life and thus make the consumer happier.
The goals of the project are as follows: demonstrate the feasibility of using small, short range radios for point-to-point communication; demonstrate power efficiency using message compression; learn how to get two devices to communicate wirelessly using the radios and the UP2 boards; demonstrate our ability as computer engineers to implement our idea; and finally, do all of the above for very minimal expense.
We believe the complete project entails four distinct sections: the input interface, the output interface, the wireless communicators, and the “operating system” which includes the text compression/decompression and the coordination of the I/O, implemented entirely in VHDL.  The remainder of this report focuses on the keyboard input interface.  The goal is to turn keyboard input into regular ASCII text that our compression scheme can use.
Implementation

The mini-project can be broken down into the following three sections: keyboard/FPGA interface, ASCII generation from scan codes, and ASCII output to 7-segment displays.  The keyboard to FPGA interface relies on the built in PS2 port on the UP2 board and a hardware driver programmed on the FPGA.  The PS2 port is defined by figure 2.
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On the UP2 board, pins 3 and 4 of the PS2 port are connected to ground and +5V respectively.  All of the other pins are connected to general input pins on the FLEX FPGA.  The two pins that were used in the project were SDA (1) and SCL (5) which mapped to pins 31 and 30 on the FPGA.  With the keyboard connected to the FLEX chip, the driver could be implemented via VHDL.  To save time and resources, a standard PS2 driver from opencores.com was used.  The driver (written by John Clayton) is a VHDL program that defines the PS2 serial standard used by the keyboard.  It handles timing, and data transfer between the two devices.  The driver produces a series of scan codes generated by the keyboard.  Keyboard scan codes are basically labels for each key.  Every key has a unique make (key pressed) and break (key released) code.  As an example, depressing the ‘A’ key will return a scan code of 0x1C.  Releasing the same key will return 0xF01C.  See appendix A for a complete listing of scan codes.  The next task was to take the scan codes generated by the driver and interpret them as keystrokes or combinations of keystrokes.  The keyboard only returns scan codes.  It does not explicitly tell the user what the status of each key is.  This means that implementing function keys like shift or caps lock requires a system for knowing whether a function key (in this implementation: left shift, right shift, caps lock, num lock) has been pressed and whether it is still being pressed.  This was accomplished by adding functions to the VHDL code that kept track of make and break codes from function keys.  Functionally, whenever a user presses a letter, the program/hardware checks to see if either shift key is held down or if either the caps lock or num lock was set but not unset (pushed once, not twice).  Depending on the status of the function keys, the program knows whether or not it should display an upper case, lower case, number, or non-number ASCII character.  Once the correct case or symbol is determined, the program assigns the correct ASCII value (see appendix B) using a case structure which maps scan codes to ASCII codes.  The two character hexadecimal ASCII codes are then sent to another module which translates each of the two hexadecimal characters into on/off levels for each of the segments on the 7-segment displays.  The final result is a brilliant display of majestic red LED splendor.  
Testing included proving the correct functionality of every key with and without the use of function keys.  This entailed checking each key against four combinations: shift/caps lock off and num lock off, shift/caps lock off and num lock on, shift/caps lock on and num lock off, and shift/caps lock on and num lock on.  Therefore, with shift/caps lock on, every letter key must display the ASCII value for the capital letter regardless of the num lock value.  Similarly, when the num lock is on, the keypad values must display the ASCII number value rather than the arrow or cursor positioning ASCII values regardless of the shift/caps lock value.  Final results showed the project to be a complete success.  Every function necessary for the final project was successfully implemented and tested.
Cost and Performance Analysis

The keyboard interface mini-project was the basis of the input for our design.  The interface needed to be complete so that we could build off of it for the rest of the project.  We also wanted to keep the expenses to a minimum.  The expense chart is shown in Table 1. 
Table 1: Expenses of the keyboard mini-project

	Item Description
	Cost

	Altera UP2 Development Kit
	$149

	Quartus II Computer Software Web Edition
	$0

	Generic 104-key PC keyboard
	$10

	30 engineering hours @ $60/hr
	$1800

	Total Cost:
	$1959


Clearly, the most expensive part of the keyboard mini-project was our time.  Again, the keyboard interface is a critical component of our system and the development costs are well worth it if the result is a solid design that needs little or no future modification.  Furthermore, the design board is a shared cost because it is used in every other part of our design. 
We were very pleased with the performance of our design.  We were able to quickly and accurately translate the scan codes of the necessary keys into corresponding ASCII values that we can easily feed into the compression components and output interface.

Conclusion

With a minimal amount of time and money, we were able to implement the keyboard input interface on the UP2 board.  We are confident in the solidity of our design after successful testing via the 7-segment LEDs.
The next part of our prototype design will be interfacing the UP2 board to a VGA monitor.  This will provide visual interaction for the user after typing messages to other clients.  Then we will begin integrating the radio frequency module to the text messaging component so that wireless communication can take place.  Finally, a compression algorithm must be written to compress the messages sent over the wireless connection.  These steps and the overall project design depend heavily on the keyboard interface.  Since it is complete, we now have the tools to test the remaining components of the project.
Appendix A:

Keyboard Scan Codes: Set 2 
*All values are in hexadecimal

101-, 102-, and 104-key keyboards: 
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	KEY
	MAKE
	BREAK
	-----
	KEY
	MAKE
	BREAK
	-----
	KEY
	MAKE
	BREAK

	A
	1C
	F0,1C
	 
	9
	46
	F0,46
	 
	[
	54
	FO,54

	B
	32
	F0,32
	 
	`
	0E
	F0,0E
	 
	INSERT
	E0,70
	E0,F0,70

	C
	21
	F0,21
	 
	-
	4E
	F0,4E
	 
	HOME
	E0,6C
	E0,F0,6C

	D
	23
	F0,23
	 
	=
	55
	FO,55
	 
	PG UP
	E0,7D
	E0,F0,7D

	E
	24
	F0,24
	 
	\
	5D
	F0,5D
	 
	DELETE
	E0,71
	E0,F0,71

	F
	2B
	F0,2B
	 
	BKSP
	66
	F0,66
	 
	END
	E0,69
	E0,F0,69

	G
	34
	F0,34
	 
	SPACE
	29
	F0,29
	 
	PG DN
	E0,7A
	E0,F0,7A

	H
	33
	F0,33
	 
	TAB
	0D
	F0,0D
	 
	U ARROW
	E0,75
	E0,F0,75

	I
	43
	F0,43
	 
	CAPS
	58
	F0,58
	 
	L ARROW
	E0,6B
	E0,F0,6B

	J
	3B
	F0,3B
	 
	L SHFT
	12
	FO,12
	 
	D ARROW
	E0,72
	E0,F0,72

	K
	42
	F0,42
	 
	L CTRL
	14
	FO,14
	 
	R ARROW
	E0,74
	E0,F0,74

	L
	4B
	F0,4B
	 
	L GUI
	E0,1F
	E0,F0,1F
	 
	NUM
	77
	F0,77

	M
	3A
	F0,3A
	 
	L ALT
	11
	F0,11
	 
	KP /
	E0,4A
	E0,F0,4A

	N
	31
	F0,31
	 
	R SHFT
	59
	F0,59
	 
	KP *
	7C
	F0,7C

	O
	44
	F0,44
	 
	R CTRL
	E0,14
	E0,F0,14
	 
	KP -
	7B
	F0,7B

	P
	4D
	F0,4D
	 
	R GUI
	E0,27
	E0,F0,27
	 
	KP +
	79
	F0,79

	Q
	15
	F0,15
	 
	R ALT
	E0,11
	E0,F0,11
	 
	KP EN
	E0,5A
	E0,F0,5A

	R
	2D
	F0,2D
	 
	APPS
	E0,2F
	E0,F0,2F
	 
	KP .
	71
	F0,71

	S
	1B
	F0,1B
	 
	ENTER
	5A
	F0,5A
	 
	KP 0
	70
	F0,70

	T
	2C
	F0,2C
	 
	ESC
	76
	F0,76
	 
	KP 1
	69
	F0,69

	U
	3C
	F0,3C
	 
	F1
	05
	F0,05
	 
	KP 2
	72
	F0,72

	V
	2A
	F0,2A
	 
	F2
	06
	F0,06
	 
	KP 3
	7A
	F0,7A

	W
	1D
	F0,1D
	 
	F3
	04
	F0,04
	 
	KP 4
	6B
	F0,6B

	X
	22
	F0,22
	 
	F4
	0C
	F0,0C
	 
	KP 5
	73
	F0,73

	Y
	35
	F0,35
	 
	F5
	03
	F0,03
	 
	KP 6
	74
	F0,74

	Z
	1A
	F0,1A
	 
	F6
	0B
	F0,0B
	 
	KP 7
	6C
	F0,6C

	0
	45
	F0,45
	 
	F7
	83
	F0,83
	 
	KP 8
	75
	F0,75

	1
	16
	F0,16
	 
	F8
	0A
	F0,0A
	 
	KP 9
	7D
	F0,7D

	2
	1E
	F0,1E
	 
	F9
	01
	F0,01
	 
	]
	5B
	F0,5B

	3
	26
	F0,26
	 
	F10
	09
	F0,09
	 
	;
	4C
	F0,4C

	4
	25
	F0,25
	 
	F11
	78
	F0,78
	 
	'
	52
	F0,52

	5
	2E
	F0,2E
	 
	F12
	07
	F0,07
	 
	,
	41
	F0,41

	6
	36
	F0,36
	 
	PRNT 
SCRN
	E0,12, 
E0,7C 
	E0,F0, 
7C,E0, 
F0,12 
	 
	.
	49
	F0,49

	7
	3D
	F0,3D
	 
	SCROLL
	7E
	F0,7E
	 
	/
	4A
	F0,4A

	8
	3E
	F0,3E
	 
	PAUSE
	E1,14,77, 
E1,F0,14, 
F0,77
	-NONE-
 
	 
	 
	 
	 


Appendix B:

ASCII Values
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	Decimal
	Octal
	Hex
	Binary
	Value
	Comments

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

	0
	0
	0
	0
	NUL
	(Null char.)

	1
	1
	1
	1
	SOH
	(Start of Header)

	2
	2
	2
	10
	STX
	(Home)

	3
	3
	3
	11
	ETX
	(End)

	4
	4
	4
	100
	EOT
	(End of Transmission)

	5
	5
	5
	101
	ENQ
	(Enquiry)

	6
	6
	6
	110
	ACK
	(Acknowledgment)

	7
	7
	7
	111
	BEL
	(Bell)

	8
	10
	8
	1000
	BS
	(Backspace)

	9
	11
	9
	1001
	HT
	(Horizontal Tab)

	10
	12
	0A
	1010
	LF
	(Line Feed)

	11
	13
	0B
	1011
	VT
	(Vertical Tab)

	12
	14
	0C
	1100
	FF
	(Form Feed)

	13
	15
	0D
	1101
	CR
	(Carriage Return)

	14
	16
	0E
	1110
	SO
	(Shift Out)

	15
	17
	0F
	1111
	SI
	(Shift In)

	16
	20
	10
	10000
	DLE
	(Data Link Escape)

	17
	21
	11
	10001
	DC1
	(left arrow)

	18
	22
	12
	10010
	DC2
	(right arrow)

	19
	23
	13
	10011
	DC3
	(up arrow)

	20
	24
	14
	10100
	DC4
	(down arrow)

	21
	25
	15
	10101
	NAK
	(Negative Acknowledge)

	22
	26
	16
	10110
	SYN
	(Page Up)

	23
	27
	17
	10111
	ETB
	(Page Down)

	24
	30
	18
	11000
	CAN
	(Cancel)

	25
	31
	19
	11001
	EM
	(End of Medium)

	26
	32
	1A
	11010
	SUB
	(Insert)

	27
	33
	1B
	11011
	ESC
	(Escape)

	28
	34
	1C
	11100
	FS
	(File Separator)

	29
	35
	1D
	11101
	GS
	(Group Separator)

	30
	36
	1E
	11110
	RS
	(Request to Send)(

	31
	37
	1F
	11111
	US
	(Unit Separator)

	32
	40
	20
	100000
	SP
	(Space)

	33
	41
	21
	100001
	!
	(exclamation mark)

	34
	42
	22
	100010
	"
	(double quote)

	35
	43
	23
	100011
	#
	(number sign)

	36
	44
	24
	100100
	$
	(dollar sign)

	37
	45
	25
	100101
	%
	(percent)

	38
	46
	26
	100110
	&
	(ampersand)

	39
	47
	27
	100111
	'
	(single quote)

	40
	50
	28
	101000
	(
	(left/opening pare

	41
	51
	29
	101001
	)
	(right/closing par

	42
	52
	2A
	101010
	*
	(asterisk)

	43
	53
	2B
	101011
	+
	(plus)

	44
	54
	2C
	101100
	,
	(comma)

	45
	55
	2D
	101101
	-
	(minus or dash)

	46
	56
	2E
	101110
	.
	(dot)

	47
	57
	2F
	101111
	/
	(forward slash)

	48
	60
	30
	110000
	0
	

	49
	61
	31
	110001
	1
	

	50
	62
	32
	110010
	2
	

	51
	63
	33
	110011
	3
	

	52
	64
	34
	110100
	4
	

	53
	65
	35
	110101
	5
	

	54
	66
	36
	110110
	6
	

	55
	67
	37
	110111
	7
	

	56
	70
	38
	111000
	8
	

	57
	71
	39
	111001
	9
	

	58
	72
	3A
	111010
	:
	(colon)

	59
	73
	3B
	111011
	;
	(semi-colon)

	60
	74
	3C
	111100
	<
	(less than)

	61
	75
	3D
	111101
	=
	(equal sign)

	62
	76
	3E
	111110
	>
	(greater than)

	63
	77
	3F
	111111
	?
	(question mark)

	64
	100
	40
	1000000
	@
	(AT symbol)

	65
	101
	41
	1000001
	A
	

	66
	102
	42
	1000010
	B
	

	67
	103
	43
	1000011
	C
	

	68
	104
	44
	1000100
	D
	

	69
	105
	45
	1000101
	E
	

	70
	106
	46
	1000110
	F
	

	71
	107
	47
	1000111
	G
	

	72
	110
	48
	1001000
	H
	

	73
	111
	49
	1001001
	I
	

	74
	112
	4A
	1001010
	J
	

	75
	113
	4B
	1001011
	K
	

	76
	114
	4C
	1001100
	L
	

	77
	115
	4D
	1001101
	M
	

	78
	116
	4E
	1001110
	N
	

	79
	117
	4F
	1001111
	O
	

	80
	120
	50
	1010000
	P
	

	81
	121
	51
	1010001
	Q
	

	82
	122
	52
	1010010
	R
	

	83
	123
	53
	1010011
	S
	

	84
	124
	54
	1010100
	T
	

	85
	125
	55
	1010101
	U
	

	86
	126
	56
	1010110
	V
	

	87
	127
	57
	1010111
	W
	

	88
	130
	58
	1011000
	X
	

	89
	131
	59
	1011001
	Y
	

	90
	132
	5A
	1011010
	Z
	

	91
	133
	5B
	1011011
	[
	(left/opening bracket)

	92
	134
	5C
	1011100
	\
	(back slash)

	93
	135
	5D
	1011101
	]
	(right/closing bra

	94
	136
	5E
	1011110
	^
	(caret)

	95
	137
	5F
	1011111
	_
	(underscore)

	96
	140
	60
	1100000
	`
	

	97
	141
	61
	1100001
	a
	

	98
	142
	62
	1100010
	b
	

	99
	143
	63
	1100011
	c
	

	100
	144
	64
	1100100
	d
	

	101
	145
	65
	1100101
	e
	

	102
	146
	66
	1100110
	f
	

	103
	147
	67
	1100111
	g
	

	104
	150
	68
	1101000
	h
	

	105
	151
	69
	1101001
	i
	

	106
	152
	6A
	1101010
	j
	

	107
	153
	6B
	1101011
	k
	

	108
	154
	6C
	1101100
	l
	

	109
	155
	6D
	1101101
	m
	

	110
	156
	6E
	1101110
	n
	

	111
	157
	6F
	1101111
	o
	

	112
	160
	70
	1110000
	p
	

	113
	161
	71
	1110001
	q
	

	114
	162
	72
	1110010
	r
	

	115
	163
	73
	1110011
	s
	

	116
	164
	74
	1110100
	t
	

	117
	165
	75
	1110101
	u
	

	118
	166
	76
	1110110
	v
	

	119
	167
	77
	1110111
	w
	

	120
	170
	78
	1111000
	x
	

	121
	171
	79
	1111001
	y
	

	122
	172
	7A
	1111010
	z
	

	123
	173
	7B
	1111011
	{
	(left/opening bracket)

	124
	174
	7C
	1111100
	|
	(vertical bar)

	125
	175
	7D
	1111101
	}
	(right/closing bra

	126
	176
	7E
	1111110
	~
	(tilde)

	127
	177
	7F
	1111111
	DEL
	(delete)


Figure 1: Physical design of two products communicating
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Pin Function:


1 data (pin 31 on FLEX FPGA)


2 (reserved)


3 ground


4 +5v


5 clock (pin 30 on FLEX FPGA)


6 (reserved) 





Figure 2: PS2 port pin-out








