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David Guerrero

Arcade Joystick X4 Plus Simon Says Game
hackster.io/user3853574654/arcade-joystick-x4-plus-simon-says-game-384309

Things used in this project

Hardware components

arcade joystick
× 4

generic arcade button
× 24

red retroiluminated arcade button
× 1

https://www.hackster.io/user3853574654/arcade-joystick-x4-plus-simon-says-game-384309


2/7

Buy from Newark
Buy from Adafruit

green retroiluminated arcade button
× 1

blue retroiluminated arcade button
× 1

yellow retroiluminated arcade button
× 1

white retroiluminated arcade button
× 1

Buzzer
× 1

Resistor 1k ohm
× 1

1N5819 – 1A Schottky Barrier Rectifier
× 48

Teensy++ 2.0 board
× 1

Software apps and online services

avr-gcc compiler

https://www.hackster.io/products/buy/42750?s=BAhJIhIyMDU0MCxQcm9qZWN0BjoGRUY%3D%0A
https://www.hackster.io/products/buy/275?s=BAhJIhIyMDU0MCxQcm9qZWN0BjoGRUY%3D%0A
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Teensy Loader

GNU Make tool

firmware

Story

USB arcade joystick x4 plus Simon game

David Guerrero Martos

1 Introduction

1.1 Motivation

Thanks to the emulators available nowadays I was able to make my own arcade cabinet.

Although I employed genuine arcade joysticks and a vintage CRT display I didn’t get the

same feeling that playing the original arcades. When playing the original, death was

dramatic: if you "died" in the game and you wanted to continue playing you had to spend

a valuable coin. Since emulators let you simulate the insertion of a coin just by pressing a

key, in practical terms you have unlimited lives and the feeling is lost. To solve this I

devised a joystick system with an integrated credit counter. The system disables the insert

coin buttons unless credits are available and includes a little challenge that must be won

in order to obtain them.

1.2 The challenge

It is the Simon says electronic game created by Ralph Baer and Howard J. Morrison in

1978. The following description of the game has bee taken from Wikipedia:

The device has four colored buttons, each producing a particular tone when it is pressed or
activated by the device. A round in the game consists of the device lighting up one or more
buttons in a random order, after which the player must reproduce that order by pressing the
buttons. As the game progresses, the number of buttons to be pressed increases.

As in the original Simon says game there are several skill levels. The number of credits

obtained when the game is won will depend on the selected skill level.

1.3 Features

https://en.wikipedia.org/wiki/Simon_%28game%29
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Includes four arcade joysticks using just an USB connector.

No special drivers are needed.

Each joystick has six generic buttons, a start button and a retro-illuminated insert

coin button.

The insert coin buttons are also employed in an integrated Simon says game in

order to obtain credits.

The insert coin buttons are disabled when there are no credits available.

2 What is needed

2.1 Hardware

Four arcade joysticks and, for each of them, six generic buttons and an start button

Five retro-illuminated arcade colored buttons (yellow, blue, red, green and white)

A little speaker or buzzer

At least a resistor of about 1000 ohms. The lights of the retro-illuminated buttons

may require additional series resistors.

48 Schottky diodes

A Teensy++ 2.0 board (available at https://www.pjrc.com/teensy)

Interconnection wires

2.2 Firmware

The compiled firmware can be downloaded from

http://www.dte.us.es/Members/guerre/firmware_arcade/at_download/file. The source

code is available at https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame.

2.3 Software

In order to program the board you will need the Teensy Loader application available at

https://www.pjrc.com/teensy/loader.html. If you also want to recompile the firmware

you will need the avr-gcc compiler as well as the GNU Make tool.

Of course, in order to enjoy playing you will need games and/or emulators, for example

the MAME emulator.

3 Building

3.1 Hardware

The components must be wired as shown in the following schematic:

https://www.pjrc.com/teensy
http://www.dte.us.es/Members/guerre/firmware_arcade/at_download/file
https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame
https://www.pjrc.com/teensy/loader.html
http://www.nongnu.org/avr-libc/
http://www.gnu.org/software/make/
http://mamedev.org/
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The blue, yellow, green and red retro-illuminated insert coin buttons must be connected

to the lines vgnd1, vgnd2, vgnd3 and vgnd4 respectively. The white retro-illuminated

button is tagged as "central button" and has special functions. Note that, in my case, the

lights of the retro-illuminated buttons can be connected directly to a voltage of 5V like the

one generated by the board. Other models may require additional series resistors in order

to limit the current through the LEDs. In case of doubt look at its datasheet.

3.2 Firmware

3.2.1 Compiling

This step is not required unless you want to modify the source code. From a

terminal/command line go to the folder/directory containing the source code and execute

the following:

make clean

make

This will generate a .hex  file containing the compiled firmware. After connecting the

teensy board you can program it as shown in the next section or, if you have installed the

command line version of the teensy loader application, program it directly by executing

this:

make program

You will be requested to push the button of the teensy board. Do so and the firmware will

be downloaded.

3.2.2 Programming

You can find a detailed description of the following steps at https://www.pj

rc.com/teensy/loader.html.

Connect the teensy board to your computer.

Execute the teensy loader application.

Push the button of the teensy board.

From the File name, choose "Open HEX File" and open the .hex file containing the

firmware to be programmed.

Select "Program" from the "Operations" menu, or click the Program button on the

tool bar. You should see the "Download Complete" message.

Choose "Reboot" from the "Operations" menu, or click the Reboot button on the tool

bar.

3.3 Software

https://www.pjrc.com/teensy/loader.html
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When connecting the system to your computer it will recognize a set of joysticks. No

special drivers should be needed. However, if the system is going to be used with arcade

emulation software you will need to configure the emulator properly. First you will need

to set the first four detected interfaces as the joysticks of the players 1, 2, 3 and 4. Also you

will have to set the last button of each joystick as insert coin button. The fifth interface is

used for interacting with the emulator and is not linked to any joystick by default (see the

next section). You will have to configure its buttons for tasks such as pausing the

emulation, resetting the emulated system,etc.

4 Usage

4.1 Interacting with emulators

Sending commands to the emulator (for example to pause or quit the emulation) requires

setting one of the joysticks as emulation controller. To do so, while pushing the white

retro-illuminated button, push the insert coin button of the joystick to be set as emulation

controller. That button will light up to indicate that the associated joystick does not work

as game controller anymore. Its buttons will have associated the functions you configured

in the previous section. If you want to change the joystick to be used as emulation

controller repeat the previous step but pushing the insert coin button of another joystick.

You can make the joystick used as emulation controller work as game controller again. To

do so just press its insert coin button again while holding the retro-illuminated white

button pressed. After that the insert coin button will light down.

4.2 Getting credits

In order to obtain credits you will have to play the embedded Simon says game by

following these steps:

Push the white retro-illuminated button. All the insert coin buttons will light up.

Select the skill level by pushing one of the retro-illuminated buttons. The following

table describes each skill level:

The system will generate sequences of lights and sounds. Reproduce those

sequences by pressing the buttons till the white button flashes. That will indicate

you have won the game and got one or more credits. The white button will keep

shining as long as you have credits.

Alternatively, if an insert coin button is pressed when there are no available credits then a

Simon says game will start in the easiest level.

Acknowledgments

The firmware is based on the Teensy Gamepad project by Josh Kropf (josh@slashdev.ca)

which in turn is based on the keyboard example for the Teensy board

(http://www.pjrc.com/teensy/usb_keyboard.html , Copyright (c) 2008 PJRC.COM,

LLC).

http://josh@slashdev.ca/
http://www.pjrc.com/teensy/usb_keyboard.html
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The Simon game replication was possible thanks to the reverse engineering carried out by

Simon Inns

(http://www.waitingforfriday.com/index.php/Reverse_engineering_an_MB_Electronic

_Simon_game).

Videos

You can see the system working at https://youtu.be/ENW7n0ni5kg.

Read more

Schematics

Circuit schematic

Code

Github

https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame

Credits

http://www.waitingforfriday.com/index.php/Reverse_engineering_an_MB_Electronic_Simon_game
https://youtu.be/ENW7n0ni5kg
javascript:void(0)
https://www.hackster.io/user3853574654
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ArcadeJoystickX4PlusSimonGame-master/Makefile

# Hey Emacs, this is a -*- makefile -*-
#----------------------------------------------------------------------------
# WinAVR Makefile Template written by Eric B. Weddington, Jörg Wunsch, et al.
#
# Released to the Public Domain
#
# Additional material for this makefile was written by:
# Peter Fleury
# Tim Henigan
# Colin O'Flynn
# Reiner Patommel
# Markus Pfaff
# Sander Pool
# Frederik Rouleau
# Carlos Lamas
# David Guerrero
#
#----------------------------------------------------------------------------
# On command line:
#
# make all = Make software.
#
# make clean = Clean out built project files.
#
# make coff = Convert ELF to AVR COFF.
#
# make extcoff = Convert ELF to AVR Extended COFF.
#
# make program = Download the hex file to the device, using avrdude.
#                Please customize the avrdude settings below first!
#
# make debug = Start either simulavr or avarice as specified for debugging,
#              with avr-gdb or avr-insight as the front end for debugging.
#
# make filename.s = Just compile filename.c into the assembler code only.
#
# make filename.i = Create a preprocessed source file for use in submitting
#                   bug reports to the GCC project.
#
# To rebuild project do "make clean" then "make all".
#----------------------------------------------------------------------------


# Target file name (without extension).
TARGET = gamepad


# List C source files here. (C dependencies are automatically generated.)
SRC =	$(TARGET).c \
	usb_gamepad.c \
	timing.c \
	sound.c \
	simon.c \
	central_buttons.c


# MCU name, you MUST set this to match the board you are using
# type "make clean" after changing this, so all files will be rebuilt
#
#MCU = at90usb162       # Teensy 1.0
#MCU = atmega32u4        # Teensy 2.0
#MCU = at90usb646       # Teensy++ 1.0
MCU = at90usb1286      # Teensy++ 2.0


# Processor frequency.
#   Normally the first thing your program should do is set the clock prescaler,
#   so your program will run at the correct speed.  You should also set this
#   variable to same clock speed.  The _delay_ms() macro uses this, and many
#   examples use this variable to calculate timings.  Do not add a "UL" here.
F_CPU = 1000000


# Output format. (can be srec, ihex, binary)
FORMAT = ihex


# Object files directory
#     To put object files in current directory, use a dot (.), do NOT make
#     this an empty or blank macro!
OBJDIR = .


# List C++ source files here. (C dependencies are automatically generated.)
CPPSRC =


# List Assembler source files here.
#     Make them always end in a capital .S.  Files ending in a lowercase .s
#     will not be considered source files but generated files (assembler
#     output from the compiler), and will be deleted upon "make clean"!
#     Even though the DOS/Win* filesystem matches both .s and .S the same,
#     it will preserve the spelling of the filenames, and gcc itself does
#     care about how the name is spelled on its command-line.
ASRC =


# Optimization level, can be [0, 1, 2, 3, s].
#     0 = turn off optimization. s = optimize for size.
#     (Note: 3 is not always the best optimization level. See avr-libc FAQ.)
OPT = s


# Debugging format.
#     Native formats for AVR-GCC's -g are dwarf-2 [default] or stabs.
#     AVR Studio 4.10 requires dwarf-2.
#     AVR [Extended] COFF format requires stabs, plus an avr-objcopy run.
DEBUG = dwarf-2


# List any extra directories to look for include files here.
#     Each directory must be seperated by a space.
#     Use forward slashes for directory separators.
#     For a directory that has spaces, enclose it in quotes.
EXTRAINCDIRS =


# Compiler flag to set the C Standard level.
#     c89   = "ANSI" C
#     gnu89 = c89 plus GCC extensions
#     c99   = ISO C99 standard (not yet fully implemented)
#     gnu99 = c99 plus GCC extensions
CSTANDARD = -std=gnu99


# Place -D or -U options here for C sources
CDEFS = -DF_CPU=$(F_CPU)UL


# Place -D or -U options here for ASM sources
ADEFS = -DF_CPU=$(F_CPU)


# Place -D or -U options here for C++ sources
CPPDEFS = -DF_CPU=$(F_CPU)UL
#CPPDEFS += -D__STDC_LIMIT_MACROS
#CPPDEFS += -D__STDC_CONSTANT_MACROS



#---------------- Compiler Options C ----------------
#  -g*:          generate debugging information
#  -O*:          optimization level
#  -f...:        tuning, see GCC manual and avr-libc documentation
#  -Wall...:     warning level
#  -Wa,...:      tell GCC to pass this to the assembler.
#    -adhlns...: create assembler listing
CFLAGS = -g$(DEBUG)
CFLAGS += $(CDEFS)
CFLAGS += -O$(OPT)
CFLAGS += -funsigned-char
CFLAGS += -funsigned-bitfields
CFLAGS += -ffunction-sections
CFLAGS += -fpack-struct
CFLAGS += -fshort-enums
CFLAGS += -Wall
CFLAGS += -Wstrict-prototypes
#CFLAGS += -mshort-calls
#CFLAGS += -fno-unit-at-a-time
#CFLAGS += -Wundef
#CFLAGS += -Wunreachable-code
#CFLAGS += -Wsign-compare
CFLAGS += -Wa,-adhlns=$(<:%.c=$(OBJDIR)/%.lst)
CFLAGS += $(patsubst %,-I%,$(EXTRAINCDIRS))
CFLAGS += $(CSTANDARD)


#---------------- Compiler Options C++ ----------------
#  -g*:          generate debugging information
#  -O*:          optimization level
#  -f...:        tuning, see GCC manual and avr-libc documentation
#  -Wall...:     warning level
#  -Wa,...:      tell GCC to pass this to the assembler.
#    -adhlns...: create assembler listing
CPPFLAGS = -g$(DEBUG)
CPPFLAGS += $(CPPDEFS)
CPPFLAGS += -O$(OPT)
CPPFLAGS += -funsigned-char
CPPFLAGS += -funsigned-bitfields
CPPFLAGS += -fpack-struct
CPPFLAGS += -fshort-enums
CPPFLAGS += -fno-exceptions
CPPFLAGS += -Wall
CPPFLAGS += -Wundef
#CPPFLAGS += -mshort-calls
#CPPFLAGS += -fno-unit-at-a-time
#CPPFLAGS += -Wstrict-prototypes
#CPPFLAGS += -Wunreachable-code
#CPPFLAGS += -Wsign-compare
CPPFLAGS += -Wa,-adhlns=$(<:%.cpp=$(OBJDIR)/%.lst)
CPPFLAGS += $(patsubst %,-I%,$(EXTRAINCDIRS))
#CPPFLAGS += $(CSTANDARD)


#---------------- Assembler Options ----------------
#  -Wa,...:   tell GCC to pass this to the assembler.
#  -adhlns:   create listing
#  -gstabs:   have the assembler create line number information; note that
#             for use in COFF files, additional information about filenames
#             and function names needs to be present in the assembler source
#             files -- see avr-libc docs [FIXME: not yet described there]
#  -listing-cont-lines: Sets the maximum number of continuation lines of hex
#       dump that will be displayed for a given single line of source input.
ASFLAGS = $(ADEFS) -Wa,-adhlns=$(<:%.S=$(OBJDIR)/%.lst),-gstabs,--listing-cont-lines=100


#---------------- Library Options ----------------
# Minimalistic printf version
PRINTF_LIB_MIN = -Wl,-u,vfprintf -lprintf_min

# Floating point printf version (requires MATH_LIB = -lm below)
PRINTF_LIB_FLOAT = -Wl,-u,vfprintf -lprintf_flt

# If this is left blank, then it will use the Standard printf version.
PRINTF_LIB =
#PRINTF_LIB = $(PRINTF_LIB_MIN)
#PRINTF_LIB = $(PRINTF_LIB_FLOAT)


# Minimalistic scanf version
SCANF_LIB_MIN = -Wl,-u,vfscanf -lscanf_min

# Floating point + %[ scanf version (requires MATH_LIB = -lm below)
SCANF_LIB_FLOAT = -Wl,-u,vfscanf -lscanf_flt

# If this is left blank, then it will use the Standard scanf version.
SCANF_LIB =
#SCANF_LIB = $(SCANF_LIB_MIN)
#SCANF_LIB = $(SCANF_LIB_FLOAT)


MATH_LIB = -lm


# List any extra directories to look for libraries here.
#     Each directory must be seperated by a space.
#     Use forward slashes for directory separators.
#     For a directory that has spaces, enclose it in quotes.
EXTRALIBDIRS =



#---------------- External Memory Options ----------------

# 64 KB of external RAM, starting after internal RAM (ATmega128!),
# used for variables (.data/.bss) and heap (malloc()).
#EXTMEMOPTS = -Wl,-Tdata=0x801100,--defsym=__heap_end=0x80ffff

# 64 KB of external RAM, starting after internal RAM (ATmega128!),
# only used for heap (malloc()).
#EXTMEMOPTS = -Wl,--section-start,.data=0x801100,--defsym=__heap_end=0x80ffff

EXTMEMOPTS =



#---------------- Linker Options ----------------
#  -Wl,...:     tell GCC to pass this to linker.
#    -Map:      create map file
#    --cref:    add cross reference to  map file
LDFLAGS = -Wl,-Map=$(TARGET).map,--cref
LDFLAGS += -Wl,--relax
LDFLAGS += -Wl,--gc-sections
LDFLAGS += $(EXTMEMOPTS)
LDFLAGS += $(patsubst %,-L%,$(EXTRALIBDIRS))
LDFLAGS += $(PRINTF_LIB) $(SCANF_LIB) $(MATH_LIB)
#LDFLAGS += -T linker_script.x



#---------------- Programming Options (avrdude) ----------------

# Programming hardware
# Type: avrdude -c ?
# to get a full listing.
#
AVRDUDE_PROGRAMMER = stk500v2

# com1 = serial port. Use lpt1 to connect to parallel port.
AVRDUDE_PORT = com1    # programmer connected to serial device

AVRDUDE_WRITE_FLASH = -U flash:w:$(TARGET).hex
#AVRDUDE_WRITE_EEPROM = -U eeprom:w:$(TARGET).eep


# Uncomment the following if you want avrdude's erase cycle counter.
# Note that this counter needs to be initialized first using -Yn,
# see avrdude manual.
#AVRDUDE_ERASE_COUNTER = -y

# Uncomment the following if you do /not/ wish a verification to be
# performed after programming the device.
#AVRDUDE_NO_VERIFY = -V

# Increase verbosity level.  Please use this when submitting bug
# reports about avrdude. See <http://savannah.nongnu.org/projects/avrdude>
# to submit bug reports.
#AVRDUDE_VERBOSE = -v -v

AVRDUDE_FLAGS = -p $(MCU) -P $(AVRDUDE_PORT) -c $(AVRDUDE_PROGRAMMER)
AVRDUDE_FLAGS += $(AVRDUDE_NO_VERIFY)
AVRDUDE_FLAGS += $(AVRDUDE_VERBOSE)
AVRDUDE_FLAGS += $(AVRDUDE_ERASE_COUNTER)



#---------------- Debugging Options ----------------

# For simulavr only - target MCU frequency.
DEBUG_MFREQ = $(F_CPU)

# Set the DEBUG_UI to either gdb or insight.
# DEBUG_UI = gdb
DEBUG_UI = insight

# Set the debugging back-end to either avarice, simulavr.
DEBUG_BACKEND = avarice
#DEBUG_BACKEND = simulavr

# GDB Init Filename.
GDBINIT_FILE = __avr_gdbinit

# When using avarice settings for the JTAG
JTAG_DEV = /dev/com1

# Debugging port used to communicate between GDB / avarice / simulavr.
DEBUG_PORT = 4242

# Debugging host used to communicate between GDB / avarice / simulavr, normally
#     just set to localhost unless doing some sort of crazy debugging when
#     avarice is running on a different computer.
DEBUG_HOST = localhost



#============================================================================


# Define programs and commands.
SHELL = sh
CC = avr-gcc
OBJCOPY = avr-objcopy
OBJDUMP = avr-objdump
SIZE = avr-size
AR = avr-ar rcs
NM = avr-nm
AVRDUDE = avrdude
REMOVE = rm -f
REMOVEDIR = rm -rf
COPY = cp
WINSHELL = cmd


# Define Messages
# English
MSG_ERRORS_NONE = Errors: none
MSG_BEGIN = -------- begin --------
MSG_END = --------  end  --------
MSG_SIZE_BEFORE = Size before:
MSG_SIZE_AFTER = Size after:
MSG_COFF = Converting to AVR COFF:
MSG_EXTENDED_COFF = Converting to AVR Extended COFF:
MSG_FLASH = Creating load file for Flash:
MSG_EEPROM = Creating load file for EEPROM:
MSG_EXTENDED_LISTING = Creating Extended Listing:
MSG_SYMBOL_TABLE = Creating Symbol Table:
MSG_LINKING = Linking:
MSG_COMPILING = Compiling C:
MSG_COMPILING_CPP = Compiling C++:
MSG_ASSEMBLING = Assembling:
MSG_CLEANING = Cleaning project:
MSG_CREATING_LIBRARY = Creating library:




# Define all object files.
OBJ = $(SRC:%.c=$(OBJDIR)/%.o) $(CPPSRC:%.cpp=$(OBJDIR)/%.o) $(ASRC:%.S=$(OBJDIR)/%.o)

# Define all listing files.
LST = $(SRC:%.c=$(OBJDIR)/%.lst) $(CPPSRC:%.cpp=$(OBJDIR)/%.lst) $(ASRC:%.S=$(OBJDIR)/%.lst)


# Compiler flags to generate dependency files.
GENDEPFLAGS = -MMD -MP -MF .dep/$(@F).d


# Combine all necessary flags and optional flags.
# Add target processor to flags.
ALL_CFLAGS = -mmcu=$(MCU) -I. $(CFLAGS) $(GENDEPFLAGS)
ALL_CPPFLAGS = -mmcu=$(MCU) -I. -x c++ $(CPPFLAGS) $(GENDEPFLAGS)
ALL_ASFLAGS = -mmcu=$(MCU) -I. -x assembler-with-cpp $(ASFLAGS)





# Default target.
all: begin gccversion sizebefore build sizeafter end

# Change the build target to build a HEX file or a library.
build: elf hex eep lss sym
#build: lib


elf: $(TARGET).elf
hex: $(TARGET).hex
eep: $(TARGET).eep
lss: $(TARGET).lss
sym: $(TARGET).sym
LIBNAME=lib$(TARGET).a
lib: $(LIBNAME)



# Eye candy.
# AVR Studio 3.x does not check make's exit code but relies on
# the following magic strings to be generated by the compile job.
begin:
	@echo
	@echo $(MSG_BEGIN)

end:
	@echo $(MSG_END)
	@echo


# Display size of file.
HEXSIZE = $(SIZE) --target=$(FORMAT) $(TARGET).hex
#ELFSIZE = $(SIZE) --mcu=$(MCU) --format=avr $(TARGET).elf
ELFSIZE = $(SIZE) $(TARGET).elf

sizebefore:
	@if test -f $(TARGET).elf; then echo; echo $(MSG_SIZE_BEFORE); $(ELFSIZE); \
	2>/dev/null; echo; fi

sizeafter:
	@if test -f $(TARGET).elf; then echo; echo $(MSG_SIZE_AFTER); $(ELFSIZE); \
	2>/dev/null; echo; fi



# Display compiler version information.
gccversion :
	@$(CC) --version



# Program the device.
program: $(TARGET).hex $(TARGET).eep
	teensy_loader_cli -mmcu=$(MCU) -v -w $(TARGET).hex


# Generate avr-gdb config/init file which does the following:
#     define the reset signal, load the target file, connect to target, and set
#     a breakpoint at main().
gdb-config:
	@$(REMOVE) $(GDBINIT_FILE)
	@echo define reset >> $(GDBINIT_FILE)
	@echo SIGNAL SIGHUP >> $(GDBINIT_FILE)
	@echo end >> $(GDBINIT_FILE)
	@echo file $(TARGET).elf >> $(GDBINIT_FILE)
	@echo target remote $(DEBUG_HOST):$(DEBUG_PORT)  >> $(GDBINIT_FILE)
ifeq ($(DEBUG_BACKEND),simulavr)
	@echo load  >> $(GDBINIT_FILE)
endif
	@echo break main >> $(GDBINIT_FILE)

debug: gdb-config $(TARGET).elf
ifeq ($(DEBUG_BACKEND), avarice)
	@echo Starting AVaRICE - Press enter when "waiting to connect" message displays.
	@$(WINSHELL) /c start avarice --jtag $(JTAG_DEV) --erase --program --file \
	$(TARGET).elf $(DEBUG_HOST):$(DEBUG_PORT)
	@$(WINSHELL) /c pause

else
	@$(WINSHELL) /c start simulavr --gdbserver --device $(MCU) --clock-freq \
	$(DEBUG_MFREQ) --port $(DEBUG_PORT)
endif
	@$(WINSHELL) /c start avr-$(DEBUG_UI) --command=$(GDBINIT_FILE)




# Convert ELF to COFF for use in debugging / simulating in AVR Studio or VMLAB.
COFFCONVERT = $(OBJCOPY) --debugging
COFFCONVERT += --change-section-address .data-0x800000
COFFCONVERT += --change-section-address .bss-0x800000
COFFCONVERT += --change-section-address .noinit-0x800000
COFFCONVERT += --change-section-address .eeprom-0x810000



coff: $(TARGET).elf
	@echo
	@echo $(MSG_COFF) $(TARGET).cof
	$(COFFCONVERT) -O coff-avr $< $(TARGET).cof


extcoff: $(TARGET).elf
	@echo
	@echo $(MSG_EXTENDED_COFF) $(TARGET).cof
	$(COFFCONVERT) -O coff-ext-avr $< $(TARGET).cof



# Create final output files (.hex, .eep) from ELF output file.
%.hex: %.elf
	@echo
	@echo $(MSG_FLASH) $@
	$(OBJCOPY) -O $(FORMAT) -R .eeprom -R .fuse -R .lock -R .signature $< $@

%.eep: %.elf
	@echo
	@echo $(MSG_EEPROM) $@
	-$(OBJCOPY) -j .eeprom --set-section-flags=.eeprom="alloc,load" \
	--change-section-lma .eeprom=0 --no-change-warnings -O $(FORMAT) $< $@ || exit 0

# Create extended listing file from ELF output file.
%.lss: %.elf
	@echo
	@echo $(MSG_EXTENDED_LISTING) $@
	$(OBJDUMP) -h -S -z $< > $@

# Create a symbol table from ELF output file.
%.sym: %.elf
	@echo
	@echo $(MSG_SYMBOL_TABLE) $@
	$(NM) -n $< > $@



# Create library from object files.
.SECONDARY : $(TARGET).a
.PRECIOUS : $(OBJ)
%.a: $(OBJ)
	@echo
	@echo $(MSG_CREATING_LIBRARY) $@
	$(AR) $@ $(OBJ)


# Link: create ELF output file from object files.
.SECONDARY : $(TARGET).elf
.PRECIOUS : $(OBJ)
%.elf: $(OBJ)
	@echo
	@echo $(MSG_LINKING) $@
	$(CC) $(ALL_CFLAGS) $^ --output $@ $(LDFLAGS)


# Compile: create object files from C source files.
$(OBJDIR)/%.o : %.c
	@echo
	@echo $(MSG_COMPILING) $<
	$(CC) -c $(ALL_CFLAGS) $< -o $@


# Compile: create object files from C++ source files.
$(OBJDIR)/%.o : %.cpp
	@echo
	@echo $(MSG_COMPILING_CPP) $<
	$(CC) -c $(ALL_CPPFLAGS) $< -o $@


# Compile: create assembler files from C source files.
%.s : %.c
	$(CC) -S $(ALL_CFLAGS) $< -o $@


# Compile: create assembler files from C++ source files.
%.s : %.cpp
	$(CC) -S $(ALL_CPPFLAGS) $< -o $@


# Assemble: create object files from assembler source files.
$(OBJDIR)/%.o : %.S
	@echo
	@echo $(MSG_ASSEMBLING) $<
	$(CC) -c $(ALL_ASFLAGS) $< -o $@


# Create preprocessed source for use in sending a bug report.
%.i : %.c
	$(CC) -E -mmcu=$(MCU) -I. $(CFLAGS) $< -o $@


# Target: clean project.
clean: begin clean_list end

clean_list :
	@echo
	@echo $(MSG_CLEANING)
	$(REMOVE) $(TARGET).hex
	$(REMOVE) $(TARGET).eep
	$(REMOVE) $(TARGET).cof
	$(REMOVE) $(TARGET).elf
	$(REMOVE) $(TARGET).map
	$(REMOVE) $(TARGET).sym
	$(REMOVE) $(TARGET).lss
	$(REMOVE) $(SRC:%.c=$(OBJDIR)/%.o)
	$(REMOVE) $(SRC:%.c=$(OBJDIR)/%.lst)
	$(REMOVE) $(SRC:.c=.s)
	$(REMOVE) $(SRC:.c=.d)
	$(REMOVE) $(SRC:.c=.i)
	$(REMOVEDIR) .dep


# Create object files directory
$(shell mkdir $(OBJDIR) 2>/dev/null)


# Include the dependency files.
-include $(shell mkdir .dep 2>/dev/null) $(wildcard .dep/*)


# Listing of phony targets.
.PHONY : all begin finish end sizebefore sizeafter gccversion \
build elf hex eep lss sym coff extcoff \
clean clean_list program debug gdb-config
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#  USB arcade joystick x4 plus Simon says game

##  David Guerrero Martos

![figure cabinet.jpg](https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame/blob/master/cabinet.jpg)

#  1 Introduction

##  1.1 Motivation

Thanks to the emulators available nowadays I was able to make my own arcade
cabinet. Although I employed genuine arcade joysticks and a vintage CRT
display I didn’t get the same feeling that playing the original arcades. When
playing the original, death was dramatic: if you "died" in the game and you
wanted to continue playing you had to spend a valuable coin. Since emulators
let you simulate the insertion of a coin just by pressing a key, in practical
terms you have unlimited lives and the feeling is lost. To solve this I
devised a joystick system with an integrated credit counter. The system
disables the insert coin buttons unless credits are available and includes a
little challenge that must be won in order to obtain them.

##  1.2 The challenge

It is the Simon says electronic game created by Ralph Baer and Howard J. Morrison
in 1978. The following description of the game has bee taken from wikipedia ([https://en.wikipedia.org/wiki/Simon_%28game%29](https://en.wikipedia.org/wiki/Simon_%28game%29)):

> The device has four colored buttons, each producing a particular tone when
it is pressed or activated by the device. A round in the game consists of the
device lighting up one or more buttons in a random order, after which the
player must reproduce that order by pressing the buttons. As the game
progresses, the number of buttons to be pressed increases.

As in the original Simon says game there are several skill levels. The number of
credits obtained when the game is won will depend on the selected skill level.

##  1.3 Features

  * Includes four arcade joysticks using just an USB connector. 
  * No special drivers are needed. 
  * Each joystick have six generic buttons, a start button and a retroiluminated insert coin button. 
  * The insert coin buttons are also employed in an integrated Simon says game in order to obtain credits. 
  * The insert coin buttons are disabled when there are no credits available. 

#  2 What is needed

##  2.1 Hardware

  * Four arcade joysticks and, for each of them, six generic buttons and an start button 
  * Five retroiluminated arcade colored buttons (yellow, blue, red, green and white) 
  * A little speaker or buzzer 
  * At least a resistor of about 1000 ohms. The lights of the retroiluminated buttos may require additional series resistors. 
  * 48 Schottky diodes 
  * A Teensy++ 2.0 board (available at [https://www.pjrc.com/teensy](https://www.pjrc.com/teensy)) 
  * Interconnection wires 

##  2.2 Firmware

The compiled firmware can be downloaded from [http://www.dte.us.es/Members/guerre/firmware_arcade/at_download/file](http://www.dte.us.es/Members/guerre/firmware_arcade/at_download/file). The source code is available at [https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame](https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame).

##  2.3 Software

In order to program the board you will need the Teensy Loader application available at [https://www.pjrc.com/teensy/loader.html](https://www.pjrc.com/teensy/loader.html). If you also want to recompile the firmware you will need the avr-gcc compiler ([http://www.nongnu.org/avr-libc/](http://www.nongnu.org/avr-libc/)) as well as the GNU Make tool
([http://www.gnu.org/software/make/](http://www.gnu.org/software/make/)).

Of course, in order to enjoy playing you will need games and/or emulators, for example the MAME emulator ([http://mamedev.org/](http://mamedev.org/)).

#  3 Building

##  3.1 Hardware

The components must be wired as shown in the following schematic:

![figure schematic.png](https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame/blob/master/schematic.png)

The blue, yellow, green and red retroiluminated insert coin buttons must be
connected to the lines vgnd1, vgnd2, vgnd3 and vgnd4 respectivelly. The white
retroiluminated button is tagged as "central button" and has special
functions. Note that, in my case, the lights of the retroiluminated buttons
can be connected directly to a voltage of 5V like the one generated by the
board. Other models may require additional series resistors in order to limit
the current throught the LEDs. In case of doubt look at its datasheet.

##  3.2 Firmware

###  3.2.1 Compiling

This step is not required unless you want to modify the source code. From a
terminal/command line go to the folder/directory containing the source code
and execute the following:

  * make clean 
  * make 

This will generate a .hex file containing the compiled firmware. After
connectig the teensy board you can program it as shown in the next section or,
if you have installed the command line version of the teensy loader
application, program it directly by executing this:

  * make program 

You will be requested to push the button of the teensy board. Do so and the
firmware will be downloaded.

###  3.2.2 Programming

You can find a detailed description of the following stelps at [https://www.pj
rc.com/teensy/loader.html](https://www.pjrc.com/teensy/loader.html).

  * Connect the teensy board to your computer. 
  * Execute the teensy loader application. 
  * Push the botton of the teensy board. 
  * From the File name, choose "Open HEX File" and open the .hex file containing the firmware to be programmed. 
  * Select "Program" from the "Operations" menu, or click the Program button on the tool bar. You should see the "Download Complete" message. 
  * Choose "Reboot" from the "Operations" menu, or click the Reboot button on the tool bar. 

##  3.3 Software

When connecting the system to your computer it will recognize a set of
joysticks. No special drivers should be needed. However, if the system is
going to be used with arcade emulation software you will need to configure the
emulator properly. First you will need to set the first four detected
interfaces as the joysticks of the players 1, 2, 3 and 4. Also you will have
to set the last button of each joystick as insert coin button. The fifth
interface is used for interacting with the emulator and is not linked to any
joystick by default (see the next section). You will have to configure its
buttons for tasks such as pausing the emulation, reseting the emulated system,
etc.

#  4 Usage

##  4.1 Interacting with emulators

Sending commands to the emulator (for example to pause or quit the emulation)
requires setting one of the joysticks as emulation controller. To do so, while
pushing the white retroiluminated button, push the insert coin button of the
joystick to be set as emulation controller. That button will light up to
indicate that the associated joystick does not work as game controller
anymore. Its buttons will have associated the functions you configured in the
previous section. If you want to change the joystick to be used as emulation
controller repeat the previous step but pushing the insert coin button of
another joystick. You can make the joystick used as emulation controller work
as game controller again. To do so just press its insert coin button again
while holding the retroiluminated white button pressed. After that the insert
coin button will light down.

##  4.2 Getting credits

In order to obtain credits you will have to play the embebed Simon says game by
following these steps:

  * Push the white retroiluminated button. All the insert coin buttos will light up. 
  * Select the skill level by pushing one of the retroiluminated buttons. The following table describes each skill level. 

|color of the retroiluminated button|maximun length of the sequence|credits obtained when winning the game|
|:---------------------------------:|:----------------------------:|:------------------------------------:|
| white                             | 4                            | 1					  |
| yellow                            | 8                            | 4				      	  |
| blue                              | 14		           | 16				          |
| green                             | 20                           | 256			          |
| red                               | 31			   | unlimited			          |

  * The system will generate sequences of lights and sounds. Reproduce those sequences by pressing the buttons till the white button flashes. That will indicate you have won the game and got one or more credits. The white button will keep shining as long as you have credits.

Alternatively, if an insert coin button is pressed when there are no available credits then a Simon says game will start in the easiest level.

#  Acknowledgments

The firmware is based on the Teensy Gamepad project by Josh Kropf
(josh@slashdev.ca) which in turn is based on the keyboard example for the
Teensy board ([http://www.pjrc.com/teensy/usb_keyboard.html](http://www.pjrc.com/teensy/usb_keyboard.html) , Copyright (c) 2008 PJRC.COM, LLC).

The Simon game replication was possible thanks to the reverse engineering
carried out by Simon Inns ([http://www.waitingforfriday.com/index.php/Reverse_engineering_an_MB_Electronic_Simon_game](http://www.waitingforfriday.com/index.php/Reverse_engineering_an_MB_Electronic_Simon_game)).

# Videos

You can see the system working at [https://youtu.be/ENW7n0ni5kg](https://youtu.be/ENW7n0ni5kg).







ArcadeJoystickX4PlusSimonGame-master/cabinet.jpg





ArcadeJoystickX4PlusSimonGame-master/central_buttons.c

/* 4+1 Joystick plus Simon game
 * Copyright (C) 2015 David Guerrero
 * Based on Teensy Gamepad for Josh Kropf <josh@slashdev.ca>
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#ifndef CENTRAL_BUTTONS
#include "central_buttons.h"
#endif

void configure_central_buttons(void)
{
    LIGHTS_DDR= LIGHTS_PINS_MASK; //set as output
  	CENTRAL_BUTTON_DDR=0;//set as input
  	CENTRAL_BUTTON_PORT|=(1<<CENTRAL_BUTTON);//activate pull-up
}

void wait_till_depressed_button(uint8_t x)
{
  //skip_bounces;
  while(pressed_light_button(x));
  //skip_bounces;
}

void wait_till_depressed_all_color_buttons()
{
  //skip_bounces;
  while(pressed_color_buttons);
  //skip_bounces;
}
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/* 4+1 Joystick plus Simon game
 * Copyright (C) 2015 David Guerrero
 * Based on Teensy Gamepad for Josh Kropf <josh@slashdev.ca>
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#define CENTRAL_BUTTONS
#include <avr/io.h>

#ifndef usb_gamepad_h__
#include "usb_gamepad.h"
#endif

#ifndef TIMING
#include "timing.h"
#endif

#define CENTRAL_BUTTON_DDR DDRE
#define CENTRAL_BUTTON_PORT PORTE
#define CENTRAL_BUTTON_PINS PINE
#define CENTRAL_BUTTON 6

#define LIGHTS_DDR	DDRD
#define LIGHTS_PORT	PORTD
#define LIGHTS_PINS	PIND
#define LIGHTS_PINS_MASK ((1<<(NUMBER_OF_INTERFACES+1))-1) //There is a LIGHT per player plus the central one
#define COLOR_PINS_MASK ((1<<(NUMBER_OF_INTERFACES))-1) //There is a LIGHT per player

extern volatile uint8_t light_buttons_values;

#define pressed_light_button(x) (light_buttons_values&(1<<x))
#define pressed_only_button(x) (light_buttons_values==1<<x)
#define pressed_color_buttons (light_buttons_values & COLOR_PINS_MASK)
//#define pressed_central_button pressed_light_button (VIRTUAL_GAMEPAD_ID)
#define pressed_central_button (~CENTRAL_BUTTON_PINS & (1<<CENTRAL_BUTTON))
#define turn_on_color_button_light(x) LIGHTS_PORT|= 1<<(x+1)
#define toggle_color_button_light(x) LIGHTS_PORT^= 1<<(x+1)
#define turn_on_central_button_light LIGHTS_PORT|= 1
#define toggle_central_button_light LIGHTS_PORT^= 1
#define turn_off_color_button_lights LIGHTS_PORT&= ~(((1<<(NUMBER_OF_INTERFACES))-1)<<1)
#define turn_on_all_color_button_lights LIGHTS_PORT|= (((1<<(NUMBER_OF_INTERFACES))-1)<<1)
#define turn_off_central_button_light LIGHTS_PORT&= ~1
#define skip_bounces wait_for_miliseconds(50)

void configure_central_buttons(void);
void wait_till_depressed_button(uint8_t x);
void wait_till_depressed_all_color_buttons(void);
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/* 4+1 Joystick plus Simon game
 * Copyright (C) 2015 David Guerrero
 * Based on Teensy Gamepad for Josh Kropf <josh@slashdev.ca>
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#include <avr/io.h>
#include <avr/interrupt.h>
#include <string.h>
#define F_CPU 16000000UL // 16 MHz
#include "usb_gamepad.h"

#ifndef TIMING
#include "timing.h"
#endif

#ifndef SOUND
#include "sound.h"
#endif

#ifndef CENTRAL_BUTTONS
#include "central_buttons.h"
#endif

#ifndef SIMON
#include "simon.h"
#endif

#define VIRTUAL_GAMEPAD_ID (NUMBER_OF_INTERFACES-1)

#define LED_CONFIG  (DDRD |= (1<<6))
#define LED_OFF     (PORTD &= ~(1<<6))
#define LED_ON      (PORTD |= (1<<6))

#define CPU_PRESCALE(n)	(CLKPR = 0x80, CLKPR = (n))

#define DIRECTION_DDR DDRC
#define DIRECTION_PORT PORTC
#define DIRECTION_PINS PINC

#define UP_PIN 1
#define DOWN_PIN 3
#define LEFT_PIN 0
#define RIGHT_PIN 2
#define DIRECTION_PINS_MASK ((1<<UP_PIN)|(1<<DOWN_PIN)|(1<<RIGHT_PIN)|(1<<LEFT_PIN))

#define SELECTOR_DDR DDRB
#define SELECTOR_PORT PORTB
#define SELECTOR_PINS PINB
#define SELECTOR_PINS_MASK (((1<<NUMBER_OF_INTERFACES)-1)<<1)//player selection pins starting at 1

#define is_active_pin(port,pin) (!(port&(1<<pin)))

#define BUTTONS_DDR	DDRF
#define BUTTONS_PORT	PORTF
#define BUTTONS_PINS	PINF

uint8_t axis_value(uint8_t port,uint8_t decrement_pin, uint8_t increment_pin)
{
	if(is_active_pin(port,increment_pin))
		return 0xff;
	if(is_active_pin(port,decrement_pin))
		return 0;
	return 0x80;
}

volatile uint8_t scaned_gamepad;
volatile uint8_t master_gamepad;
volatile uint8_t light_buttons_values;
volatile uint8_t random_value;
volatile uint8_t players_inserting_coins;
//volatile uint8_t inserting_coins_pulse_counter;

uint32_t credits;
uint8_t easy_mode=0;

void usb_gamepad_reset_state(gamepad_state_t* gamepad)
{
	(*gamepad).buttons=0;
	(*gamepad).y_axis =	0x80;
	(*gamepad).x_axis = 0x80;
}

void read_gamepad_state(void)
{
	gamepad_state_t tmp;
	gamepad_state_t* target;

	if(scaned_gamepad==VIRTUAL_GAMEPAD_ID)
	{
		usb_gamepad_reset_state(&tmp);
		target=&gamepad_state[master_gamepad];//the player associated to the master gamepad will not report real data
	}
	else //real data must be reported
	{
		tmp.y_axis=axis_value(DIRECTION_PINS,DOWN_PIN,UP_PIN);
		tmp.x_axis=axis_value(DIRECTION_PINS,RIGHT_PIN,LEFT_PIN);
		tmp.buttons=(~BUTTONS_PINS) & (~(1<<7));
		//by default the insert coin button is reported as not pressed
		if(scaned_gamepad==master_gamepad)//data must be used to control the master user interface
			target=&gamepad_state[VIRTUAL_GAMEPAD_ID];
		else//data is usual player interaction
		{
			target=&gamepad_state[scaned_gamepad];
			if(players_inserting_coins==scaned_gamepad)
			{
				tmp.buttons|=(1<<7);
				//if(--inserting_coins_pulse_counter==0)
				//	players_inserting_coins=VIRTUAL_GAMEPAD_ID;//nobody is inserting coins anymore
			}
		}
	}
	memcpy(target, &tmp, sizeof(gamepad_state_t));
//now the state of color central buttons must be updated
	uint8_t selected_light_button_mask=1<<scaned_gamepad;
	light_buttons_values&=~selected_light_button_mask;//by default is set as not pressed

	if( scaned_gamepad!=VIRTUAL_GAMEPAD_ID && (~BUTTONS_PINS & (1<<7))//the button is pressed
		//|| scaned_gamepad==VIRTUAL_GAMEPAD_ID && (~CENTRAL_BUTTON_PINS & (1<<CENTRAL_BUTTON))
	 )
		light_buttons_values|=selected_light_button_mask;
}

void select_gamepad(void)
{
	SELECTOR_PORT= SELECTOR_PINS_MASK & ~(1<<(scaned_gamepad+1));
}

void configure_polling_interrupt(void)
{
TCCR0A=2;//clear counter on compare match
OCR0A=64; //compare match when counter=64 (1000 times per second aprox.)=>1 miliseconds period aprox.
TCNT0=0x00;     // set timer0 counter initial value to 0
TIMSK0=2;// enable timer 0 output compare match 2
TCCR0B=4;//divide frequency by 256
sei(); // enable interrupts
}

int main(void) {
	CPU_PRESCALE(0); 	// set for 16 MHz clock
	configure_clock();
	configure_beeper();
	configure_central_buttons();
	configure_simon();
	LED_CONFIG;
	BUTTONS_DDR=  0;DIRECTION_DDR=  0; //set as input
	BUTTONS_PORT=  0xff; DIRECTION_PORT|=DIRECTION_PINS_MASK; MCUCR&=~(1<<4); //activate pull-up
	SELECTOR_DDR=SELECTOR_PINS_MASK;//set as output
	SELECTOR_PORT=SELECTOR_PINS_MASK;//no gamepad selected, deactivate pullups

	credits=0;
	players_inserting_coins=VIRTUAL_GAMEPAD_ID;//nobody is inserting coins

	for(scaned_gamepad=0;scaned_gamepad<NUMBER_OF_INTERFACES;scaned_gamepad++)
		usb_gamepad_reset_state(&gamepad_state[scaned_gamepad]); //players will be reported as idle by default
	scaned_gamepad=0;
	select_gamepad();
	master_gamepad=VIRTUAL_GAMEPAD_ID;
	light_buttons_values=0;

	LED_ON; // power up led on startup for 1 sec

	// Initialize the USB, and then wait for the host to set configuration.
	// If the Teensy is powered without a PC connected to the USB port,
	// this will wait forever.
	usb_init();
	while (!usb_configured()) /* wait */ ;
	wait_for_miliseconds(1000);
	// Wait an extra second for the PC's operating system to load drivers
	// and do whatever it does to actually be ready for input
	configure_polling_interrupt();
	LED_OFF;
	while (1)
	{
			if(pressed_central_button)//master player change or Simon game request
			{	wait_for_miliseconds(10);//for skipping bounces
				uint8_t color_button_has_been_pressed=0;
				do{
							for(uint8_t i=0;i<VIRTUAL_GAMEPAD_ID;i++)
							{
									if(pressed_light_button(i))
									{
											color_button_has_been_pressed=1;
											turn_off_color_button_lights;
											if(i!=master_gamepad)//select this button as master button
											{
														master_gamepad=i;
														turn_on_color_button_light(i);
														//turn_off_central_button_light;//for debugging
											}
											else//deselect this button as master button
											{
														master_gamepad=VIRTUAL_GAMEPAD_ID;
														//turn_on_central_button_light;//for debugging
											}
											wait_till_depressed_button(i);
									}
							}
					}while(pressed_central_button);
					wait_for_miliseconds(10);//for skipping bounces
					if(!color_button_has_been_pressed)//a Simon game session has been requested
					{
						credits+=simon_game();
						if(credits)
							turn_on_central_button_light;
					}
			}
			else
			{
				for(uint8_t i=0;i<4;i++)
						if(pressed_light_button(i))//insert coin request
						{
								if(!credits || i==master_gamepad)//the player associated to the master joystick cannot insert coins
								{
											//play_tone(0);
											wait_for_miliseconds(10);//for skipping bounces
											while(pressed_color_buttons);
											wait_for_miliseconds(10);//for skipping bounces
											easy_mode=1;
											credits+=simon_game();
											easy_mode=0;
											if(credits)
												turn_on_central_button_light;
											//nobeep;
								}
								else// a coin must be inserted
								//if(!inserting_coins_pulse_counter)//nobody is now inserting coins
									{
												//inserting_coins_pulse_counter=150;
												players_inserting_coins=i;
												if(!free_play)
												{
													credits--;
													if(!credits)
														turn_off_central_button_light;
												}
												wait_for_miliseconds(50);//insert coin pulse duration
												players_inserting_coins=VIRTUAL_GAMEPAD_ID;
												while(pressed_color_buttons);
												wait_for_miliseconds(10);//for skipping bounces
									}
						}


				}
	}
}

ISR(TIMER0_COMPA_vect)
{
 	 read_gamepad_state();
 	 usb_gamepad_send(GAMEPAD_INTERFACE(scaned_gamepad));
	 scaned_gamepad=(scaned_gamepad+1)%NUMBER_OF_INTERFACES;
	 select_gamepad();
	 random_value++;
	 random_value&=3;
 }
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\begin_layout Subsection
Motivation
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\begin_layout Standard
Thanks to the emulators available nowadays I was able to make my own arcade
 cabinet.
 Although I employed genuine arcade joysticks and a vintage CRT display
 I didn't get the same feeling that playing the original arcades.
 When playing the original, death was dramatic: if you 
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 in the game and you wanted to continue playing you had to spend a valuable
 coin.
 Since emulators let you simulate the insertion of a coin just by pressing
 a key, in practical terms you have unlimited lives and the feeling is lost.
 To solve this I devised a joystick system with an integrated credit counter.
 The system disables the insert coin buttons unless credits are available
 and includes a little challenge that must be won in order to obtain them.
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The challenge
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It is the Simon electronic game created by Ralph Baer and Howard J.
 Morrison in 1978.
 The following description of the game has bee taken from wikipedia (
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The device has four colored buttons, each producing a particular tone when
 it is pressed or activated by the device.
 A round in the game consists of the device lighting up one or more buttons
 in a random order, after which the player must reproduce that order by
 pressing the buttons.
 As the game progresses, the number of buttons to be pressed increases.
\end_layout

\begin_layout Standard
As in the original Simon game there are several skill levels.
 The number of credits obtained when the game is won will depend on the
 selected skill level.
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Includes four arcade joysticks using just an USB connector.
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No special drivers are needed.
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Each joystick have six generic buttons, a start button and an retroiluminated
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\end_layout

\begin_layout Itemize
The insert coin buttons are disabled when there are no credits available.
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At least a resistor of about 1000 ohms.
 The lights of the retroiluminated buttos may require additional series
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48 Schottky diodes
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 The source code is available at 
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Software
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In order to program the board you will need the Teensy Loader application
 available at 
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 If you also want to recompile the firmware you will need the avr-gcc compilator
 (
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Of course, in order to enjoy playing you will need games and/or emulators,
 for example the MAME emulator (
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Building
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Hardware
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The components must be wired as shown in the following schematic:
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\end_layout
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The blue, yellow, green and red retroiluminated insert coin buttons must
 be connected to the lines vgnd1, vgnd2, vgnd3 and vgnd4 respectivelly.
 The white retroiluminated button is tagged as 
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 and has special functions.
 Note that, in my case, the lights of the retroiluminated buttons can be
 connected directly to a voltage of 5V like the one generated by the board.
 Other models may require additional series resistors in order to limit
 the current throught the LEDs.
 In case of doubt look at its datasheet.
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Firmware
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Compiling
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This step is not required unless you want to modify the source code.
 From a terminal/command line go to the folder/directory containing the
 source code and execute the following:
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make clean
\end_layout

\begin_layout Itemize
make
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\begin_layout Standard
This will generate a .hex file containing the compiled firmware.
 After connectig the teensy board you can program it as shown in the next
 section or, if you have installed the command line version of the teensy
 loader application, program it directly by executing this:
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\begin_layout Itemize
make program
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\begin_layout Standard
You will be requested to push the button of the teensy board.
 Do so and the firmware will be downloaded.
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Programming
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You can find a detailed description of the following stelps at 
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Connect the teensy board to your computer.
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Execute the teensy loader application.
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Push the botton of the teensy board.
\end_layout

\begin_layout Itemize
From the File name, choose "Open HEX File" and open the .hex file containing
 the firmware to be programmed.
\end_layout

\begin_layout Itemize
Select "Program" from the "Operations" menu, or click the Program button
 on the tool bar.
 You should see the "Download Complete" message.
\end_layout

\begin_layout Itemize
Choose "Reboot" from the "Operations" menu, or click the Reboot button on
 the tool bar.
\end_layout

\begin_layout Subsection
Software
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\begin_layout Standard
When connecting the system to your computer it will recognize a set of joysticks.
 No special drivers should be needed.
 However, if the system is going to be used with arcade emulation software
 you will need to configure the emulator properly.
 First you will need to set the first four detected interfaces as the joysticks
 of the players 1, 2, 3 and 4.
 Also you will have to set the last button of each joystick as insert coin
 button.
 The fifth interface is used for interacting with the emulator and is not
 linked to any joystick by default (see the next section).
 You will have to configure its buttons for tasks such as pausing the emulation,
 reseting the emulated system, etc.
\end_layout

\begin_layout Section
Usage
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\begin_layout Subsection
Interacting with emulators
\end_layout

\begin_layout Standard
Sending commands to the emulator (for example to pause or quit the emulation)
 requires setting one of the joysticks as emulation controller.
 To do so, while pushing the white retroiluminated button, push the insert
 coin button of the joystick to be set as emulation controller.
 That button will light up to indicate that the associated joystick does
 not work as game controller anymore.
 Its buttons will have associated the functions you configured in the previous
 section.
 If you want to change the joystick to be used as emulation controller repeat
 the previous step but pushing the insert coin button of another joystick.
 You can make the joystick used as emulation controller work as game controller
 again.
 To do so just press its insert coin button again while holding the retroilumina
ted white button pressed.
 After that the insert coin button will light down.
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Getting credits
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In order to obtain credits you will have to play the embebed Simon game
 by following these steps:
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1 Introduction



1.1 Motivation



Thanks to the emulators available nowadays I was able to make my own arcade cabinet. Although
I employed genuine arcade joysticks and a vintage CRT display I didn't get the same feeling that
playing the original arcades. When playing the original, death was dramatic: if you �died� in the
game and you wanted to continue playing you had to spend a valuable coin. Since emulators let
you simulate the insertion of a coin just by pressing a key, in practical terms you have unlimited
lives and the feeling is lost. To solve this I devised a joystick system with an integrated credit
counter. The system disables the insert coin buttons unless credits are available and includes a
little challenge that must be won in order to obtain them.



1.2 The challenge



It is the Simon electronic game created by Ralph Baer and Howard J. Morrison in 1978. The
following description of the game has bee taken from wikipedia (https://en.wikipedia.org/
wiki/Simon_%28game%29):



The device has four colored buttons, each producing a particular tone when it is
pressed or activated by the device. A round in the game consists of the device lighting
up one or more buttons in a random order, after which the player must reproduce that
order by pressing the buttons. As the game progresses, the number of buttons to be
pressed increases.



As in the original Simon game there are several skill levels. The number of credits obtained when
the game is won will depend on the selected skill level.



1.3 Features



• Includes four arcade joysticks using just an USB connector.



• No special drivers are needed.



• Each joystick have six generic buttons, a start button and an retroiluminated insert coin
button.
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• The insert coin buttons are also employed in an integrated Simon game in order to obtain
credits.



• The insert coin buttons are disabled when there are no credits available.



2 What is needed



2.1 Hardware



• Four arcade joysticks and, for each of them, six generic buttons and an start button



• Five retroiluminated arcade colored buttons (yellow, blue, red, green and white)



• A little speaker or buzzer



• At least a resistor of about 1000 ohms. The lights of the retroiluminated buttos may require
additional series resistors.



• 48 Schottky diodes



• A Teensy++ 2.0 board (available at https://www.pjrc.com/teensy)



• Interconnection wires



2.2 Firmware



The compiled �rmware can be downloaded from http://www.dte.us.es/Members/guerre/firmware_



arcade/at_download/file. The source code is available at https://github.com/gambaman/



ArcadeJoystickX4PlusSimonGame.



2.3 Software



In order to program the board you will need the Teensy Loader application available at https:



//www.pjrc.com/teensy/loader.html. If you also want to recompile the �rmware you will need
the avr-gcc compilator (http://www.nongnu.org/avr-libc/) as well as the GNUMake tool (http:
//www.gnu.org/software/make/).



Of course, in order to enjoy playing you will need games and/or emulators, for example the
MAME emulator (http://mamedev.org/).



3 Building



3.1 Hardware



The components must be wired as shown in the following schematic:
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The blue, yellow, green and red retroiluminated insert coin buttons must be connected to the
lines vgnd1, vgnd2, vgnd3 and vgnd4 respectivelly. The white retroiluminated button is tagged as
�central button� and has special functions. Note that, in my case, the lights of the retroiluminated
buttons can be connected directly to a voltage of 5V like the one generated by the board. Other
models may require additional series resistors in order to limit the current throught the LEDs. In
case of doubt look at its datasheet.



3.2 Firmware



3.2.1 Compiling



This step is not required unless you want to modify the source code. From a terminal/command
line go to the folder/directory containing the source code and execute the following:



• make clean



• make



This will generate a .hex �le containing the compiled �rmware. After connectig the teensy board
you can program it as shown in the next section or, if you have installed the command line version
of the teensy loader application, program it directly by executing this:



• make program



You will be requested to push the button of the teensy board. Do so and the �rmware will be
downloaded.



3.2.2 Programming



You can �nd a detailed description of the following stelps at https://www.pjrc.com/teensy/



loader.html.



• Connect the teensy board to your computer.
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• Execute the teensy loader application.



• Push the botton of the teensy board.



• From the File name, choose "Open HEX File" and open the .hex �le containing the �rmware
to be programmed.



• Select "Program" from the "Operations" menu, or click the Program button on the tool bar.
You should see the "Download Complete" message.



• Choose "Reboot" from the "Operations" menu, or click the Reboot button on the tool bar.



3.3 Software



When connecting the system to your computer it will recognize a set of joysticks. No special drivers
should be needed. However, if the system is going to be used with arcade emulation software you
will need to con�gure the emulator properly. First you will need to set the �rst four detected
interfaces as the joysticks of the players 1, 2, 3 and 4. Also you will have to set the last button
of each joystick as insert coin button. The �fth interface is used for interacting with the emulator
and is not linked to any joystick by default (see the next section). You will have to con�gure its
buttons for tasks such as pausing the emulation, reseting the emulated system, etc.



4 Usage



4.1 Interacting with emulators



Sending commands to the emulator (for example to pause or quit the emulation) requires setting
one of the joysticks as emulation controller. To do so, while pushing the white retroiluminated
button, push the insert coin button of the joystick to be set as emulation controller. That button
will light up to indicate that the associated joystick does not work as game controller anymore.
Its buttons will have associated the functions you con�gured in the previous section. If you want
to change the joystick to be used as emulation controller repeat the previous step but pushing the
insert coin button of another joystick. You can make the joystick used as emulation controller
work as game controller again. To do so just press its insert coin button again while holding the
retroiluminated white button pressed. After that the insert coin button will light down.



4.2 Getting credits



In order to obtain credits you will have to play the embebed Simon game by following these steps:



• Push the white retroiluminated button. All the insert coin buttons will light up.



• Select the skill level by pushing one of the retroiluminated buttons. The following table
describes each skill level.



color of the retroiluminated button white yellow blue green red
maximun length of the sequence 4 8 14 20 31



credits obtained when winning the game 1 4 16 256 unlimited
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• The system will generate sequences of lights and sounds. Reproduce those sequences by
pressing the buttons till the white button �ashes. That will indicate you have won the game
and got one or more credits. The white button will keep shining as long as you have credits.



Alternatively, if an insert coin button is pressed when there are no available credits then a Simon
game will start in the easiest level.



Acknowledgments
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 moneda.
 Dado que con un emulador se puede simular la inserción de monedas con solo
 pulsar una tecla, a efectos prácticos se dispone de vidas infinitas y la
 emoción se pierde.
 Para solucionarlo idee un mando con un contador de créditos.
 El mando deshabilita los botones de inserción de monedas si no se dispone
 de créditos e integra un pequeño reto que habrá que resolver para conseguirlos.
\end_layout

\begin_layout Subsection
El reto
\end_layout

\begin_layout Standard
Se trata del juego electrónico Simón creado por Ralph Baer y Howard J.
 Morrison en 1978.
 La siguiente descripción del mismo está extraida de la wikipedia (
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

https://es.wikipedia.org/wiki/Simon_%28juego%29
\end_layout

\end_inset

):
\end_layout

\begin_layout Quotation
Dispone de cuatro botones de colores luminosos, cada uno de un color: verde,
 rojo, azul y amarillo.
 El juego de forma aleatoria va iluminando los botones de colores, y a la
 vez emite un sonido propio de cada botón.
 Después de esperar, el usuario debe ir introduciendo la secuencia mostrada
 en el orden correcto, ayudándose de su memoria visual y sonora.
 Si lo consigue, éste responderá con una secuencia más larga, y así sucesivament
e.
 Si falla, el usuario debe volver a empezar.
 Los distintos niveles de dificultad van aumentando la longitud máxima de
 la secuencia a repetir.
\end_layout

\begin_layout Standard
Al igual que en el juego Simón original hay distintos niveles de dificultad.
 El número de créditos concedidos al ganar la partida dependerá del nivel
 de dificultad elegido.
\end_layout

\begin_layout Subsection
Características
\end_layout

\begin_layout Itemize
Integra cuatro mandos genéricos usando un único conector USB.
\end_layout

\begin_layout Itemize
No requiere drivers especiales.
\end_layout

\begin_layout Itemize
Cada mando tiene asociados 6 botones genéricos, un botón de start y un botón
 de inserción de moneda retroiluminado.
\end_layout

\begin_layout Itemize
Los botones de inserción de monedas permiten además usar un juego Simón
 integrado para conseguir créditos.
\end_layout

\begin_layout Itemize
Los botones de inserción de moneda se deshabilitan si no se dispone de créditos.
\end_layout

\begin_layout Section
Requisitos
\end_layout

\begin_layout Subsection
Hardware
\end_layout

\begin_layout Itemize
Cuatro mandos tipo recreativa y, por cada uno de ellos, seis botones genéricos
 y un botón de start
\end_layout

\begin_layout Itemize
Cinco botones tipo recreativa retroiluminados de distindos colores (amarillo,
 azul, rojo, verde y blanco)
\end_layout

\begin_layout Itemize
Un altavoz o zumbador pequeño
\end_layout

\begin_layout Itemize
Al menos una resistencia de unos 1000 ohmios.
 Es posible que las luces de los botones retroiluminados requieran resistencias
 en serie adicionales.
\end_layout

\begin_layout Itemize
48 diodos Schottky
\end_layout

\begin_layout Itemize
Placa de prototipado Teensy++ 2.0 (disponible en 
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

https://www.pjrc.com/teensy
\end_layout

\end_inset

)
\end_layout

\begin_layout Itemize
Cableado de interconexión
\end_layout

\begin_layout Subsection
Firmware
\end_layout

\begin_layout Standard
El firmware ya compilado y puede descargarse de 
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

http://www.dte.us.es/Members/guerre/firmware_arcade/at_download/file
\end_layout

\end_inset

.
 El código fuente está disponible en 
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

https://github.com/gambaman/ArcadeJoystickX4PlusSimonGame
\end_layout

\end_inset

.
\end_layout

\begin_layout Subsection
Software
\end_layout

\begin_layout Standard
Para programar la placa de prototipado será necesaria el programa teensy
 loader disponible en 
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

https://www.pjrc.com/teensy/loader.html
\end_layout

\end_inset

.
 Si además desea recompilar el firmware necesitará el compilador avr-gcc
 (
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

http://www.nongnu.org/avr-libc/
\end_layout

\end_inset

) así como la herramienta GNU Make (
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

http://www.gnu.org/software/make/
\end_layout

\end_inset

).
\end_layout

\begin_layout Standard
Por supuesto, para poder disfrutar jugando con los mandos necesitará juegos
 y/o emuladores, por ejemplo el emulador de recreativa mame (
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

http://mamedev.org/
\end_layout

\end_inset

).
\end_layout

\begin_layout Section
Montaje
\end_layout

\begin_layout Subsection
Hardware
\end_layout

\begin_layout Standard
Los componentes deben conectarse de acuerdo al siguiente esquemático:
\end_layout

\begin_layout Standard
\begin_inset Graphics
	filename schematic.eps
	scale 20

\end_inset


\end_layout

\begin_layout Standard
Los botones de inserción de monedas retroiluminados azul, amarillo, verde
 y rojo deberán conectarse respectivamente a las líneas etiquetadas con
 vgnd1, vgnd2, vgnd3 y vgnd4.
 El botón retroiluminado blanco aparece etiquetado como 
\begin_inset Quotes eld
\end_inset

central button
\begin_inset Quotes erd
\end_inset

 y tiene funciones especiales.
 Hay que tener en cuenta que los botones retroiluminados empleados en mi
 caso permitían conectar cada bombilla/led directamente a una tensión de
 5 voltios como la generada por la placa de prototipado.
 En otro caso puede ser necesario poner resistencias en serie para limitar
 la intensidad que pasa por los led.
 Deberá comprobarlo en su hoja de características.
\end_layout

\begin_layout Subsection
Firmware
\end_layout

\begin_layout Subsubsection
Compilación
\end_layout

\begin_layout Standard
Este paso no es necesario a menos que desee modificar el código fuente.
 Desde una terminal/línea de comandos, sitúese en la carpeta/directorio
 donde se encuentre el código fuente y ejecute lo siguiente:
\end_layout

\begin_layout Itemize
make clean
\end_layout

\begin_layout Itemize
make
\end_layout

\begin_layout Standard
Esto generará un fichero con extensión .hex con el firmware compilado.
 Tras conectar la placa de prototipado podrá programarla siguiendo las instrucci
ones de la sección siguiente u, opcionalmente si ha descargado la versión
 del teensy loader para linea de comandos, programarla directamente ejecutando
 lo siguiente:
\end_layout

\begin_layout Itemize
make program
\end_layout

\begin_layout Standard
Tras esto aparecerá un mensaje pidiendo que pulse el botón de la placa de
 prototipado.
 Hágalo y el firmware se escribirá.
\end_layout

\begin_layout Subsubsection
Programación
\end_layout

\begin_layout Standard
Puede encontrar una descripción detallada de los siguientes pasos en 
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

https://www.pjrc.com/teensy/loader.html
\end_layout

\end_inset

.
\end_layout

\begin_layout Itemize
Conecte la placa de prototipado a su computadora.
\end_layout

\begin_layout Itemize
Ejecute la herramienta teensy loader.
\end_layout

\begin_layout Itemize
Pulse el botón de la placa de prototipado.
\end_layout

\begin_layout Itemize
Elija la opción "Open HEX File" del menú 
\begin_inset Quotes eld
\end_inset

File
\begin_inset Quotes erd
\end_inset

 y seleccione el fichero de extensión .hex con el firmware a programar.
\end_layout

\begin_layout Itemize
Seleccione la opción "Program" del menú "Operations" o haga click sobre
 el botón 
\begin_inset Quotes eld
\end_inset

Program
\begin_inset Quotes erd
\end_inset

 de la barra de herramientas.
 Tras la escritura aparecerá el mensaje "Download Complete".
\end_layout

\begin_layout Itemize
Seleccione la opción "Reboot" del menú "Operations" o haga click sobre el
 botón 
\begin_inset Quotes eld
\end_inset

Reboot
\begin_inset Quotes erd
\end_inset

 de la barra de herramientas.
\end_layout

\begin_layout Subsection
Software
\end_layout

\begin_layout Standard
Al conectar el sistema a su computadora esta reconocerá un conjunto de mandos
 sin que sea necesario ningún driver especial.
 No obstante, si va a utilizarlo con un software de emulación de recreativa
 deberá configurar dicho software adecuadamente.
 En primer lugar deberá establecer los cuatro primeros interfaces detectados
 como los mandos de los jugadores 1, 2, 3 y 4.
 Además deberá establecer el último botón de cada uno de ellos como botón
 de inserción de monedas.
 La quinta interfaz se usa para interactuar con el emulador y no se corresponde
 en principio con ninguno de los mandos (véase la sección siguiente).
 Deberá configurar sus botones para tareas tales como pausar la emulación,
 resetear el sistema emulado, etc.
\end_layout

\begin_layout Section
Uso
\end_layout

\begin_layout Subsection
Interacción con interfaces de emulación
\end_layout

\begin_layout Standard
Dar órdenes a la interfaz del emulador (por ejemplo pausar o quitar la emulación
) requiere establecer uno de los joysticks como controlador de la interfaz.
 Para ello, manteniendo pulsado el botón retroiluminado blanco, pulse el
 botón de inserción de crédito del mando que desee establecer como controlador
 de la interfaz.
 La luz de dicho botón se iluminará para indicar que dicho mando ya no funciona
 como controlador de juego.
 A partir de entonces sus botones tendrán asociados las funciones que haya
 configurado en el apartado anterior.
 Si quiere cambiar el mando de control de la interfaz repita el mismo proceso
 pulsando el botón de inserción de moneda de otro mando.
 También puede hacer que el mando de control de la interfaz vuelva a funcionar
 como mando de juego volviendo a pulsar su botón de inserción de moneda
 mientras se mantiene pulsado el botón retroiluminado blanco.
 Al hacerlo el botón de inserción de moneda se apagará.
\end_layout

\begin_layout Subsection
Obtención de créditos
\end_layout

\begin_layout Standard
Obtener créditos requiere ganar partidas del juego Simón integrado.
 Para ello siga los siguientes pasos:
\end_layout

\begin_layout Itemize
Pulse el botón retroiluminado blanco.
 Los cuatro botones de inserción de moneda se iluminarán.
\end_layout

\begin_layout Itemize
Seleccione el nivel de dificultad de la partida de Simón pulsando uno de
 los botones retroiluminados de acuerdo a la siguiente tabla.
\end_layout

\begin_layout Standard

\end_layout

\begin_layout Standard
\begin_inset Tabular
<lyxtabular version="3" rows="3" columns="6">
<features rotate="0" tabularvalignment="middle">
<column alignment="center" valignment="top">
<column alignment="center" valignment="top">
<column alignment="center" valignment="top">
<column alignment="center" valignment="top">
<column alignment="center" valignment="top">
<column alignment="center" valignment="top">
<row>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
color del botón
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
blanco
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
amarillo
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
azul
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
verde
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" rightline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
rojo
\end_layout

\end_inset
</cell>
</row>
<row>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
longitud máxima de secuencia a repetir
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
4
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
8
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
14
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
20
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" leftline="true" rightline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
31
\end_layout

\end_inset
</cell>
</row>
<row>
<cell alignment="center" valignment="top" topline="true" bottomline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
créditos concedidos al ganar la partida
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" bottomline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
1
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" bottomline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
4
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" bottomline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
16
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" bottomline="true" leftline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
256
\end_layout

\end_inset
</cell>
<cell alignment="center" valignment="top" topline="true" bottomline="true" leftline="true" rightline="true" usebox="none">
\begin_inset Text

\begin_layout Plain Layout
ilimitados
\end_layout

\end_inset
</cell>
</row>
</lyxtabular>

\end_inset


\end_layout

\begin_layout Itemize
Repita las secuencias de pulsaciones que se le indiquen hasta que parpadee
 el botón blanco central.
 Esto indicará que ha ganado la partida.
 El botón blanco se mantendrá iluminado mientras disponga de créditos.
\end_layout

\begin_layout Standard
De forma alternativa, si se pulsa un botón de inserción de crédito cuando
 no hay créditos disponibles se iniciará un juego Simón en el nivel más
 facil.
\end_layout

\begin_layout Section*
Reconocimientos
\end_layout

\begin_layout Standard
El firmware está basado en proyecto Teensy Gamepad de Josh Kropf (josh@slashdev.c
a), que a su vez está basado en el ejemplo de teclado para la placa de prototipa
do Teensy (
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

http://www.pjrc.com/teensy/usb_keyboard.html
\end_layout

\end_inset

 , Copyright (c) 2008 PJRC.COM, LLC).
\end_layout

\begin_layout Standard
La parte relativa al juego Simón ha sido posible gracias a los trabajos
 de ingeniería inversa realizados por Simon Inns (
\begin_inset Flex URL
status collapsed

\begin_layout Plain Layout

http://www.waitingforfriday.com/index.php/Reverse_engineering_an_MB_Electronic_Simo
n_game
\end_layout

\end_inset

).
\end_layout
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1 Introduión



1.1 Motivaión



Graias a los emuladores disponible hoy en día tuve la posibilidad de onstruir mi propia máquina



rereativa. A pesar de estar onstruida on genuinos mandos de rereativa y un añejo monitor



CRT no onseguía la misma emoión que jugando a las máquinas originales. En aquellas la muerte



era atastró�a: si �morías� en la partida y querías ontinuar jugando debías desprenderte de una



preiada moneda. Dado que on un emulador se puede simular la inserión de monedas on solo



pulsar una tela, a efetos prátios se dispone de vidas in�nitas y la emoión se pierde. Para



soluionarlo idee un mando on un ontador de réditos. El mando deshabilita los botones de



inserión de monedas si no se dispone de réditos e integra un pequeño reto que habrá que resolver



para onseguirlos.



1.2 El reto



Se trata del juego eletrónio Simón reado por Ralph Baer y Howard J. Morrison en 1978. La



siguiente desripión del mismo está extraida de la wikipedia (https://es.wikipedia.org/wiki/



Simon_%28juego%29):



Dispone de uatro botones de olores luminosos, ada uno de un olor: verde, rojo,



azul y amarillo. El juego de forma aleatoria va iluminando los botones de olores, y a



la vez emite un sonido propio de ada botón. Después de esperar, el usuario debe ir



introduiendo la seuenia mostrada en el orden orreto, ayudándose de su memoria



visual y sonora. Si lo onsigue, éste responderá on una seuenia más larga, y así



suesivamente. Si falla, el usuario debe volver a empezar. Los distintos niveles de



di�ultad van aumentando la longitud máxima de la seuenia a repetir.



Al igual que en el juego Simón original hay distintos niveles de di�ultad. El número de réditos



onedidos al ganar la partida dependerá del nivel de di�ultad elegido.



1.3 Caraterístias



• Integra uatro mandos genérios usando un únio onetor USB.
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• No requiere drivers espeiales.



• Cada mando tiene asoiados 6 botones genérios, un botón de start y un botón de inserión



de moneda retroiluminado.



• Los botones de inserión de monedas permiten además usar un juego Simón integrado para



onseguir réditos.



• Los botones de inserión de moneda se deshabilitan si no se dispone de réditos.



2 Requisitos



2.1 Hardware



• Cuatro mandos tipo rereativa y, por ada uno de ellos, seis botones genérios y un botón de



start



• Cino botones tipo rereativa retroiluminados de distindos olores (amarillo, azul, rojo, verde



y blano)



• Un altavoz o zumbador pequeño



• Al menos una resistenia de unos 1000 ohmios. Es posible que las lues de los botones



retroiluminados requieran resistenias en serie adiionales.



• 48 diodos Shottky



• Plaa de prototipado Teensy++ 2.0 (disponible en https://www.pjr.om/teensy)



• Cableado de interonexión



2.2 Firmware



El �rmware ya ompilado y puede desargarse de http://www.dte.us.es/Members/guerre/firmware_



arade/at_download/file. El ódigo fuente está disponible en https://github.om/gambaman/



AradeJoystikX4PlusSimonGame.



2.3 Software



Para programar la plaa de prototipado será neesaria el programa teensy loader disponible en



https://www.pjr.om/teensy/loader.html. Si además desea reompilar el �rmware neesitará



el ompilador avr-g (http://www.nongnu.org/avr-lib/) así omo la herramienta GNU Make



(http://www.gnu.org/software/make/).



Por supuesto, para poder disfrutar jugando on los mandos neesitará juegos y/o emuladores,



por ejemplo el emulador de rereativa mame (http://mamedev.org/).
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3 Montaje



3.1 Hardware



Los omponentes deben onetarse de auerdo al siguiente esquemátio:



GND



PB7



PD0



PD1



PD2



PD3



PD4



PD5



PD6



PD7



PE0



PE1



PC0



PC1



PC2



PC3



PC4



PC5



PC6



PC7



  Teensy++ 2.0



(AT90USB1286)



VCC



PB6



PB5



PB4



PB3



PB2



PB1



PB0



PE7



PE6



GND



AREF



PF0



PF1



PF2



PF3



PF4



PF5



PF6



PF7



1K



   white(central)



   blue(player 1)



yellow(player 2)



 green(player 3)



     red(player 4)



up



left



right



down



vgnd4



vgnd3



vgnd2



vgnd1



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



1 buttons



2 buttons



3 buttons



4 buttons



5 buttons



6 buttons



7 buttons



insert coin/Simon buttons



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



vgnd1 vgnd4vgnd3vgnd2



central button



LED diode



high speed Schottky diode



button/switch



speaker



Los botones de inserión de monedas retroiluminados azul, amarillo, verde y rojo deberán one-



tarse respetivamente a las líneas etiquetadas on vgnd1, vgnd2, vgnd3 y vgnd4. El botón retroi-



luminado blano aparee etiquetado omo �entral button� y tiene funiones espeiales. Hay que



tener en uenta que los botones retroiluminados empleados en mi aso permitían onetar ada



bombilla/led diretamente a una tensión de 5 voltios omo la generada por la plaa de prototipado.



En otro aso puede ser neesario poner resistenias en serie para limitar la intensidad que pasa por



los led. Deberá omprobarlo en su hoja de araterístias.



3.2 Firmware



3.2.1 Compilaión



Este paso no es neesario a menos que desee modi�ar el ódigo fuente. Desde una terminal/línea de



omandos, sitúese en la arpeta/diretorio donde se enuentre el ódigo fuente y ejeute lo siguiente:



• make lean



• make



Esto generará un �hero on extensión .hex on el �rmware ompilado. Tras onetar la plaa de



prototipado podrá programarla siguiendo las instruiones de la seión siguiente u, opionalmente



si ha desargado la versión del teensy loader para linea de omandos, programarla diretamente



ejeutando lo siguiente:



• make program



Tras esto apareerá un mensaje pidiendo que pulse el botón de la plaa de prototipado. Hágalo y



el �rmware se esribirá.
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3.2.2 Programaión



Puede enontrar una desripión detallada de los siguientes pasos en https://www.pjr.om/



teensy/loader.html.



• Conete la plaa de prototipado a su omputadora.



• Ejeute la herramienta teensy loader.



• Pulse el botón de la plaa de prototipado.



• Elija la opión "Open HEX File" del menú �File� y seleione el �hero de extensión .hex on



el �rmware a programar.



• Seleione la opión "Program" del menú "Operations" o haga lik sobre el botón �Program�



de la barra de herramientas. Tras la esritura apareerá el mensaje "Download Complete".



• Seleione la opión "Reboot" del menú "Operations" o haga lik sobre el botón �Reboot�



de la barra de herramientas.



3.3 Software



Al onetar el sistema a su omputadora esta reonoerá un onjunto de mandos sin que sea



neesario ningún driver espeial. No obstante, si va a utilizarlo on un software de emulaión de



rereativa deberá on�gurar diho software adeuadamente. En primer lugar deberá estableer los



uatro primeros interfaes detetados omo los mandos de los jugadores 1, 2, 3 y 4. Además deberá



estableer el último botón de ada uno de ellos omo botón de inserión de monedas. La quinta



interfaz se usa para interatuar on el emulador y no se orresponde en prinipio on ninguno de los



mandos (véase la seión siguiente). Deberá on�gurar sus botones para tareas tales omo pausar



la emulaión, resetear el sistema emulado, et.



4 Uso



4.1 Interaión on interfaes de emulaión



Dar órdenes a la interfaz del emulador (por ejemplo pausar o quitar la emulaión) requiere estableer



uno de los joystiks omo ontrolador de la interfaz. Para ello, manteniendo pulsado el botón



retroiluminado blano, pulse el botón de inserión de rédito del mando que desee estableer omo



ontrolador de la interfaz. La luz de diho botón se iluminará para indiar que diho mando ya



no funiona omo ontrolador de juego. A partir de entones sus botones tendrán asoiados las



funiones que haya on�gurado en el apartado anterior. Si quiere ambiar el mando de ontrol



de la interfaz repita el mismo proeso pulsando el botón de inserión de moneda de otro mando.



También puede haer que el mando de ontrol de la interfaz vuelva a funionar omo mando de



juego volviendo a pulsar su botón de inserión de moneda mientras se mantiene pulsado el botón



retroiluminado blano. Al haerlo el botón de inserión de moneda se apagará.
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4.2 Obtenión de réditos



Obtener réditos requiere ganar partidas del juego Simón integrado. Para ello siga los siguientes



pasos:



• Pulse el botón retroiluminado blano. Los uatro botones de inserión de moneda se ilumi-



narán.



• Seleione el nivel de di�ultad de la partida de Simón pulsando uno de los botones retroilu-



minados de auerdo a la siguiente tabla.



olor del botón blano amarillo azul verde rojo



longitud máxima de seuenia a repetir 4 8 14 20 31



réditos onedidos al ganar la partida 1 4 16 256 ilimitados



• Repita las seuenias de pulsaiones que se le indiquen hasta que parpadee el botón blano



entral. Esto indiará que ha ganado la partida. El botón blano se mantendrá iluminado



mientras disponga de réditos.



De forma alternativa, si se pulsa un botón de inserión de rédito uando no hay réditos disponibles



se iniiará un juego Simón en el nivel más fail.



Reonoimientos



El �rmware está basado en proyeto Teensy Gamepad de Josh Kropf (josh�slashdev.a), que a su



vez está basado en el ejemplo de telado para la plaa de prototipado Teensy (http://www.pjr.



om/teensy/usb_keyboard.html , Copyright () 2008 PJRC.COM, LLC).



La parte relativa al juego Simón ha sido posible graias a los trabajos de ingeniería inversa real-



izados por Simon Inns (http://www.waitingforfriday.om/index.php/Reverse_engineering_



an_MB_Eletroni_Simon_game).



5












ArcadeJoystickX4PlusSimonGame-master/schematic.dia

ArcadeJoystickX4PlusSimonGame-master/schematic.dia


 
   
     
       
    
     
       
    
     
       
         
           #A1#
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
         
           
        
      
    
     
       
         
           
        
         
           
        
         
           
        
         
           
        
         
      
    
     
       
    
     
       
         
         
      
    
  
   
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
    
     
       
         
      
       
         
      
       
         
           
             #GND

PB7

PD0

PD1

PD2

PD3

PD4

PD5

PD6

PD7

PE0

PE1

PC0

PC1

PC2

PC3

PC4

PC5

PC6

PC7#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #  Teensy++ 2.0
(AT90USB1286)#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #VCC

PB6

PB5

PB4

PB3

PB2

PB1

PB0

PE7

PE6

GND

AREF

PF0

PF1

PF2

PF3

PF4

PF5

PF6

PF7#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
       
         ##
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #1K#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
         
         
      
       
         
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
         
         
      
       
         
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
         
      
    
     
       
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #   white(central)

   blue(player 1)

yellow(player 2)

 green(player 3)

     red(player 4)
#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #up#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #left#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #right#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #down#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4

vgnd3

vgnd2

vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #1 buttons

2 buttons

3 buttons

4 buttons

5 buttons

6 buttons

7 buttons

insert coin/Simon buttons#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd1#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd4#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd3#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #vgnd2#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #central button#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
           
             #LED diode


high speed Schottky diode


button/switch


speaker#
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
           
             ##
          
           
             
          
           
             
          
           
             
          
           
             
          
           
             
          
        
      
       
         
      
       
         
      
       
         
      
    
     
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
      
       
         
         
      
       
         
      
       
         
      
       
         
      
    
  











ArcadeJoystickX4PlusSimonGame-master/schematic.eps





ArcadeJoystickX4PlusSimonGame-master/schematic.png





ArcadeJoystickX4PlusSimonGame-master/schematic.svg

 
   
     
     
  
   
     
     
     
       
    
  
   
     GND
     
     PB7
     
     PD0
     
     PD1
     
     PD2
     
     PD3
     
     PD4
     
     PD5
     
     PD6
     
     PD7
     
     PE0
     
     PE1
     
     PC0
     
     PC1
     
     PC2
     
     PC3
     
     PC4
     
     PC5
     
     PC6
     
     PC7
  
   
     
  
   
       Teensy++ 2.0
     (AT90USB1286)
  
   
     VCC
     
     PB6
     
     PB5
     
     PB4
     
     PB3
     
     PB2
     
     PB1
     
     PB0
     
     PE7
     
     PE6
     
     GND
     
     AREF
     
     PF0
     
     PF1
     
     PF2
     
     PF3
     
     PF4
     
     PF5
     
     PF6
     
     PF7
  
   
     
     
     
     
  
   
   
     1K
  
   
     
     
     
     
     
     
  
   
   
   
     
     
     
     
     
     
     
     
     
     
     
  
   
     
     
     
     
     
     
     
     
     
     
     
  
   
     
     
     
     
     
     
     
     
     
     
     
  
   
     
     
     
     
     
     
     
     
     
     
     
  
   
     
     
     
     
     
     
     
     
     
     
     
  
   
     
     
     
     
  
   
   
     
  
   
        white(central)
     
        blue(player 1)
     
     yellow(player 2)
     
      green(player 3)
     
          red(player 4)
     
  
   
     up
  
   
     left
  
   
     right
  
   
     down
  
   
     vgnd4
     
     vgnd3
     
     vgnd2
     
     vgnd1
  
   
   
   
   
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
   
   
   
   
   
   
   
   
     1 buttons
     
     2 buttons
     
     3 buttons
     
     4 buttons
     
     5 buttons
     
     6 buttons
     
     7 buttons
     
     insert coin/Simon buttons
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     vgnd1
  
   
     
     
     
     
     
     
  
   
     vgnd4
  
   
     vgnd3
  
   
     vgnd2
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
     
     
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
     
     
     
     
       
    
  
   
   
   
   
     
     
     
     
  
   
     
     
     
     
       
    
  
   
   
     central button
  
   
   
     LED diode
     
     
     high speed Schottky diode
     
     
     button/switch
     
     
     speaker
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/* 4+1 Joystick plus Simon game
 * Copyright (C) 2015 David Guerrero
 * Based on Teensy Gamepad for Josh Kropf <josh@slashdev.ca>
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#ifndef SIMON
#include "simon.h"
#endif
#ifndef SOUND
#include "sound.h"
#endif
#ifndef CENTRAL_BUTTONS
#include "central_buttons.h"
#endif
#ifndef TIMING
#include "timing.h"
#endif

extern uint32_t credits;
////////////////////these were the original delays///////////////////
#define tone_duration1 420//miliseconds
#define tone_duration2 320//miliseconds
#define tone_duration3 220//miliseconds
#define pause_duration 50//miliseconds
#define pressing_tone_duration 400//miliseconds
#define time_out 3000//miliseconds
#define lossing_tone_duration 1500//miliseconds
#define intersequence_pause_duration 800//miliseconds
//////////////////////////////////////////////////////////////////
//#define tone_duration1 42//miliseconds
//#define tone_duration2 32//miliseconds
//#define tone_duration3 22//miliseconds
//#define pause_duration 5//miliseconds
//#define pressing_tone_duration 10//miliseconds
//#define time_out 3000//miliseconds
//#define lossing_tone_duration 1500//miliseconds
//#define intersequence_pause_duration 700//miliseconds
//////////////////////////////////////////////////////////////////

//uint16_t tones[6];
uint8_t sequence[31];
extern uint8_t easy_mode;

void configure_simon(void)
{
	configure_beeper();
	tones[0]=42;	//losing frequency in Hertzs
	tones[1]=252;		//yellow frequency in Hertzs
	tones[2]=209;	//blue frequency in Hertzs
	tones[3]=415;		//green frequency in Hertzs
	tones[4]=310;		//red frequency in Hertzs
	tones[5]=600;		//victory frequency in Hertzs
}

void play_button(uint8_t button_number)
{
	turn_off_color_button_lights;
	turn_on_color_button_light(button_number);
	play_tone(button_number+1);
}

void play_button_for(uint8_t button_number,uint16_t time)
{
	play_button(button_number);
	wait_for_miliseconds(time);
	turn_off_color_button_lights;
	nobeep;
}

void play_button_five_times(uint8_t button_number)
{
	 for(uint8_t i=0;i<5;i++)//repeat last tone five times
	 	{
	 		wait_for_miliseconds(20);
	 		play_button_for(button_number,100);
	 	}
		//for(uint8_t i=0;i<6;i++)
		//{
		//	toggle_color_button_light(button_number);
		//	play_tone(button_number);
		//}
		//nobeep;
}
void play_sequence(uint8_t sequence[],uint8_t length)
{
		uint16_t beep_duration= length<=5? tone_duration1 : length<=13? tone_duration2 : tone_duration1;
		for(uint8_t i=0;i<length;i++)
		{
			play_button_for(sequence[i],beep_duration);
			wait_for_miliseconds(pause_duration);
		}
}

uint8_t rigtht_sequence(uint8_t sequence[],uint8_t length)
{
		for(uint8_t i=0;i<length;i++)
			if(wrong_button(sequence[i]))
				return 0;
		return 1;
}

uint8_t wrong_button(uint8_t button)
{
	count_miliseconds(time_out);
  	while(pressed_color_buttons && !end_of_count);
	while(!end_of_count)
		if(pressed_color_buttons)
		{
			if(pressed_only_button(button))
			{
				count_miliseconds(pressing_tone_duration);
				play_button(button);
  				while(pressed_color_buttons && !end_of_count);
				turn_off_color_button_lights;
				nobeep;
				return 0;
			}
			else
				break;
		}
	LIGHTS_PORT|=(light_buttons_values<<1) & ~1;//right button not pressed
	play_tone(0);
	wait_for_miliseconds(lossing_tone_duration);
	play_button_five_times(button);
	return 1;
}

uint8_t select_skill_level(void)
{
	//uint8_t taps_on_central_button=0;
	if(easy_mode)
		return 0;
	turn_on_all_color_button_lights;
	for(uint8_t i=0;1;i=(i+1)&3)
		if(pressed_light_button(i))
			{
				turn_off_color_button_lights;
				wait_for_miliseconds(10);
				wait_till_depressed_button(i);
				wait_for_miliseconds(10);
				return i+1;
			}
		else
			if(pressed_central_button)
			{
				//easy_mode= (++taps_on_central_button==2);
				wait_for_miliseconds(10);
				while(pressed_central_button);
				wait_for_miliseconds(10);
				return 0;
			}
}

uint8_t simon_game(void)
{
	uint8_t previous_lights_value=LIGHTS_PORT;
	uint8_t skill_level=select_skill_level();
	uint8_t current_length;
	uint8_t victory=1;																					//skill_level 0- sequence length=4
	uint8_t sequence_length=4;																	//skill_level 1- sequence length=8
	if(skill_level)																							//skill_level 2- sequence length=14
		sequence_length= skill_level>=4? 31 : 2+6*skill_level;		//skill_level 3- sequence length=20
																															//skill_level 4 and above- sequence length=31
	//if(easy_mode)
	//	sequence_length=sequence_length>>1;//the maximun sequence length is halved
	for(current_length=0;victory && current_length<sequence_length;)
	{
		sequence[current_length++]=random_value;
		play_sequence(sequence,current_length);
		if(!rigtht_sequence(sequence,current_length))
			victory=0;
		wait_for_miliseconds(intersequence_pause_duration);
	}
	if(victory)
	{
			for(uint8_t i=0;i<6;i++)
			{
				toggle_central_button_light;
				play_tone(5);
				wait_for_miliseconds(80);
				nobeep;
				wait_for_miliseconds(20);
			}
	}
		//play_button_five_times(sequence[current_length-1]);
	LIGHTS_PORT=previous_lights_value;
	return (!victory || free_play)? 0 : skill_level>3? ~credits : 1<<(skill_level<<1);
}







ArcadeJoystickX4PlusSimonGame-master/simon.h

/* 4+1 Joystick plus Simon game
 * Copyright (C) 2015 David Guerrero
 * Based on Teensy Gamepad for Josh Kropf <josh@slashdev.ca>
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#define SIMON

#ifndef SOUND
#include "sound.h"
#endif

#define free_play (!~credits) //The "infinite" value is represented by a word with all bits set
uint16_t tones[6];
void configure_simon(void);
#define play_tone(x) beep(tones[x])
uint8_t simon_game(void);
extern volatile uint8_t random_value;
uint8_t wrong_button(uint8_t button);







ArcadeJoystickX4PlusSimonGame-master/sound.c

/* Copyright (C) 2015 David Guerrero
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#ifndef SOUND
#include "sound.h"
#endif

#include <avr/io.h>

void configure_beeper(void)
{
	TCCR1A=_BV(COM1C0);//toggle oc1c on compare match
}

#define beeper_base_fequency 7812 //Hertz

void beep(uint16_t frequency)
{
	uint16_t ICR1_value=beeper_base_fequency/frequency;
	TCCR1B=0; //disable timer
	ICR1H=ICR1_value>>8;
	ICR1L=ICR1_value&255;
	TCNT1=0;     // set timer0 counter initial value to 0
	DDRB|=1<<7;
	TCCR1B=_BV(WGM13)|_BV(WGM12)|5;//clear timer on compare match with ICR1|divide frequency by 64 (15625 Khz=>waveform of 7812 Khz)
}







ArcadeJoystickX4PlusSimonGame-master/sound.h

/* Copyright (C) 2015 David Guerrero
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#define SOUND

#include <stdint.h>

void configure_beeper(void);
void beep(uint16_t frequency);
#define nobeep 	TCCR1B=0







ArcadeJoystickX4PlusSimonGame-master/timing.c

/* Copyright (C) 2015 David Guerrero
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#ifndef TIMING
#include "timing.h"
#endif

#include <avr/io.h>

void configure_clock(void)
{
	TCCR3A=_BV(WGM32);
	TCCR3B=_BV(WGM33)|_BV(WGM32); //Compare match with ICR3
}
#define timing_clock_base_frequency 15625UL// 	by executing TCCR3B|=5;	the frequency will be divided by 1024 (15625 Hz)

void count_miliseconds(uint16_t miliseconds)
{
	uint32_t ICR3_value;
	TCCR3B&= ~7;//stop the counter
	ICR3_value=timing_clock_base_frequency*miliseconds;
	ICR3_value/=1000;
	//ICR3= ((uint32_t)timing_clock_base_frequency*miliseconds)/10000-1;
	ICR3H=ICR3_value>>8;
	ICR3L=ICR3_value&255;
	TCNT3=0;     // set timer3 counter initial value to 0
	TIFR3|=1<<3;  // clear the compare match flag
	TCCR3B|=5;	//Start counting dividing frequency by 1024 (15625 Hz)
}

void wait_for_miliseconds(uint16_t miliseconds_delay)
{
	count_miliseconds(miliseconds_delay);
	while(!end_of_count);
}







ArcadeJoystickX4PlusSimonGame-master/timing.h

/* Copyright (C) 2015 David Guerrero
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#define TIMING
#include <stdint.h>
void configure_clock(void);
void count_miliseconds(uint16_t miliseconds);
#define end_of_count (TIFR3&(1<<3))
void wait_for_miliseconds(uint16_t miliseconds_delay);







ArcadeJoystickX4PlusSimonGame-master/usb_gamepad.c

/* 4+1 Joystick plus Simon game
 * Copyright (C) 2015 David Guerrero
 * Based on Teensy Gamepad for Josh Kropf <josh@slashdev.ca>
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */

#define USB_GAMEPAD_PRIVATE_INCLUDE

#include "usb_gamepad.h"

/**************************************************************************
 *
 *  Configurable Options
 *
 **************************************************************************/

// You can change these to give your code its own name.
#define STR_MANUFACTURER	L"Gambaman"
#define STR_PRODUCT		L"joystick x 4 + master joystick"


// Mac OS-X and Linux automatically load the correct drivers.  On
// Windows, even though the driver is supplied by Microsoft, an
// INF file is needed to load the driver.  These numbers need to
// match the INF file.
#define VENDOR_ID		0x16C0
#define PRODUCT_ID		0x27dc


// USB devices are supposed to implment a halt feature, which is
// rarely (if ever) used.  If you comment this line out, the halt
// code will be removed, saving 102 bytes of space (gcc 4.3.0).
// This is not strictly USB compliant, but works with all major
// operating systems.
//#define SUPPORT_ENDPOINT_HALT



/**************************************************************************
 *
 *  Endpoint Buffer Configuration
 *
 **************************************************************************/

#define ENDPOINT0_SIZE	64
#define GAMEPAD_ENDPOINT(x)	(x+1)
#define GAMEPAD_SIZE		64
#define GAMEPAD_BUFFER	EP_DOUBLE_BUFFER

static const uint8_t PROGMEM endpoint_config_table[] = {
	1, EP_TYPE_INTERRUPT_IN,  EP_SIZE(GAMEPAD_SIZE) | GAMEPAD_BUFFER,
	1, EP_TYPE_INTERRUPT_IN,  EP_SIZE(GAMEPAD_SIZE) | GAMEPAD_BUFFER,
	1, EP_TYPE_INTERRUPT_IN,  EP_SIZE(GAMEPAD_SIZE) | GAMEPAD_BUFFER,
	1, EP_TYPE_INTERRUPT_IN,  EP_SIZE(GAMEPAD_SIZE) | GAMEPAD_BUFFER,
	1, EP_TYPE_INTERRUPT_IN,  EP_SIZE(GAMEPAD_SIZE) | GAMEPAD_BUFFER,
	0,
	0,
	0
};


/**************************************************************************
 *
 *  Descriptor Data
 *
 **************************************************************************/

// Descriptors are the data that your computer reads when it auto-detects
// this USB device (called "enumeration" in USB lingo).  The most commonly
// changed items are editable at the top of this file.  Changing things
// in here should only be done by those who've read chapter 9 of the USB
// spec and relevant portions of any USB class specifications!


static const uint8_t PROGMEM device_descriptor[] = {
	18,					// bLength
	1,					// bDescriptorType
	0x10, 0x01,				// bcdUSB
	0,					// bDeviceClass
	0,					// bDeviceSubClass
	0,					// bDeviceProtocol
	ENDPOINT0_SIZE,				// bMaxPacketSize0
	LSB(VENDOR_ID), MSB(VENDOR_ID),		// idVendor
	LSB(PRODUCT_ID), MSB(PRODUCT_ID),	// idProduct
	0x00, 0x01,				// bcdDevice
	1,					// iManufacturer
	2,					// iProduct
	0,					// iSerialNumber
	1					// bNumConfigurations
};

static const uint8_t PROGMEM gamepad_hid_report_desc[] = {
	0x05, 0x01,        // USAGE_PAGE (Generic Desktop)
	0x09, 0x05,        // USAGE (Gamepad)
	0xa1, 0x01,       // COLLECTION (Application)
	0x09, 0x01,       //   USAGE (Pointer)
	0xa1, 0x00,       //   COLLECTION (Physical)
	0x09, 0x30,       //     USAGE (X)
	0x09, 0x31,       //     USAGE (Y)
	0x15, 0x00,       //     LOGICAL_MINIMUM (0)
	0x26, 0xff, 0x00, //     LOGICAL_MAXIMUM (255)
	0x75, 0x08,       //     REPORT_SIZE (8)
	0x95, 0x02,       //     REPORT_COUNT (2)
	0x81, 0x02,       //     INPUT (Data,Var,Abs)
	0xc0,             //   END_COLLECTION
	0x05, 0x09,       //   USAGE_PAGE (Button)
	0x19, 0x01,       //   USAGE_MINIMUM (Button 1)
	0x29, 0x08,       //   USAGE_MAXIMUM (Button 8)
	0x15, 0x00,       //   LOGICAL_MINIMUM (0)
	0x25, 0x01,       //   LOGICAL_MAXIMUM (1)
	0x75, 0x01,       //   REPORT_SIZE (1)
	0x95, 0x08,       //   REPORT_COUNT (8)
	0x81, 0x02,       //   INPUT (Data,Var,Abs)
	0xc0              // END_COLLECTION
};

#define CONFIG1_DESCRIPTION_SIZE 9
#define INTERFACE_DESCRIPTION_SIZE 9
#define HID_DESCRIPTION_SIZE 9
#define ENDPOINT_DESCRIPTION_SIZE 7

#define CONFIG1_DESC_SIZE		(CONFIG1_DESCRIPTION_SIZE+(INTERFACE_DESCRIPTION_SIZE+HID_DESCRIPTION_SIZE+ENDPOINT_DESCRIPTION_SIZE)*NUMBER_OF_INTERFACES)
#define GAMEPAD_HID_DESC_OFFSET(x)	(CONFIG1_DESCRIPTION_SIZE+INTERFACE_DESCRIPTION_SIZE+(HID_DESCRIPTION_SIZE+ENDPOINT_DESCRIPTION_SIZE+INTERFACE_DESCRIPTION_SIZE)*x)

static const uint8_t PROGMEM config1_descriptor[CONFIG1_DESC_SIZE] = {
	// configuration descriptor, USB spec 9.6.3, page 264-266, Table 9-10
	9, 					// bLength;
	2,					// bDescriptorType;
	LSB(CONFIG1_DESC_SIZE),			// wTotalLength
	MSB(CONFIG1_DESC_SIZE),
	NUMBER_OF_INTERFACES,		// bNumInterfaces
	1,					// bConfigurationValue
	0,					// iConfiguration
	0x80,					// bmAttributes
	50,					// bMaxPower
	// interface descriptor, USB spec 9.6.5, page 267-269, Table 9-12
	9,					// bLength
	4,					// bDescriptorType
	GAMEPAD_INTERFACE(0),			// bInterfaceNumber
	0,					// bAlternateSetting
	1,					// bNumEndpoints
	0x03,					// bInterfaceClass (0x03 = HID)
	0x00,					// bInterfaceSubClass (0x00 = No Boot)
	0x00,					// bInterfaceProtocol (0x00 = No Protocol)
	0,					// iInterface
	// HID interface descriptor, HID 1.11 spec, section 6.2.1
	9,					// bLength
	0x21,					// bDescriptorType
	0x11, 0x01,				// bcdHID
	0,					// bCountryCode
	1,					// bNumDescriptors
	0x22,					// bDescriptorType
	sizeof(gamepad_hid_report_desc),	// wDescriptorLength
	0,
	// endpoint descriptor, USB spec 9.6.6, page 269-271, Table 9-13
	7,					// bLength
	5,					// bDescriptorType
	GAMEPAD_ENDPOINT(0) | 0x80,		// bEndpointAddress
	0x03,					// bmAttributes (0x03=intr)
	GAMEPAD_SIZE, 0,			// wMaxPacketSize
	10,					// bInterval
	////////////////////////////////////////////////////////////
	// interface descriptor, USB spec 9.6.5, page 267-269, Table 9-12
	9,					// bLength
	4,					// bDescriptorType
	GAMEPAD_INTERFACE(1),			// bInterfaceNumber
	0,					// bAlternateSetting
	1,					// bNumEndpoints
	0x03,					// bInterfaceClass (0x03 = HID)
	0x00,					// bInterfaceSubClass (0x00 = No Boot)
	0x00,					// bInterfaceProtocol (0x00 = No Protocol)
	0,					// iInterface
	// HID interface descriptor, HID 1.11 spec, section 6.2.1
	9,					// bLength
	0x21,					// bDescriptorType
	0x11, 0x01,				// bcdHID
	0,					// bCountryCode
	1,					// bNumDescriptors
	0x22,					// bDescriptorType
	sizeof(gamepad_hid_report_desc),	// wDescriptorLength
	0,
	// endpoint descriptor, USB spec 9.6.6, page 269-271, Table 9-13
	7,					// bLength
	5,					// bDescriptorType
	GAMEPAD_ENDPOINT(1) | 0x80,		// bEndpointAddress
	0x03,					// bmAttributes (0x03=intr)
	GAMEPAD_SIZE, 0,			// wMaxPacketSize
	10,					// bInterval
	////////////////////////////////////////////////////////////
	// interface descriptor, USB spec 9.6.5, page 267-269, Table 9-12
	9,					// bLength
	4,					// bDescriptorType
	GAMEPAD_INTERFACE(2),			// bInterfaceNumber
	0,					// bAlternateSetting
	1,					// bNumEndpoints
	0x03,					// bInterfaceClass (0x03 = HID)
	0x00,					// bInterfaceSubClass (0x00 = No Boot)
	0x00,					// bInterfaceProtocol (0x00 = No Protocol)
	0,					// iInterface
	// HID interface descriptor, HID 1.11 spec, section 6.2.1
	9,					// bLength
	0x21,					// bDescriptorType
	0x11, 0x01,				// bcdHID
	0,					// bCountryCode
	1,					// bNumDescriptors
	0x22,					// bDescriptorType
	sizeof(gamepad_hid_report_desc),	// wDescriptorLength
	0,
	// endpoint descriptor, USB spec 9.6.6, page 269-271, Table 9-13
	7,					// bLength
	5,					// bDescriptorType
	GAMEPAD_ENDPOINT(2) | 0x80,		// bEndpointAddress
	0x03,					// bmAttributes (0x03=intr)
	GAMEPAD_SIZE, 0,			// wMaxPacketSize
	10,					// bInterval
	////////////////////////////////////////////////////////////
	// interface descriptor, USB spec 9.6.5, page 267-269, Table 9-12
	9,					// bLength
	4,					// bDescriptorType
	GAMEPAD_INTERFACE(3),			// bInterfaceNumber
	0,					// bAlternateSetting
	1,					// bNumEndpoints
	0x03,					// bInterfaceClass (0x03 = HID)
	0x00,					// bInterfaceSubClass (0x00 = No Boot)
	0x00,					// bInterfaceProtocol (0x00 = No Protocol)
	0,					// iInterface
	// HID interface descriptor, HID 1.11 spec, section 6.2.1
	9,					// bLength
	0x21,					// bDescriptorType
	0x11, 0x01,				// bcdHID
	0,					// bCountryCode
	1,					// bNumDescriptors
	0x22,					// bDescriptorType
	sizeof(gamepad_hid_report_desc),	// wDescriptorLength
	0,
	// endpoint descriptor, USB spec 9.6.6, page 269-271, Table 9-13
	7,					// bLength
	5,					// bDescriptorType
	GAMEPAD_ENDPOINT(3) | 0x80,		// bEndpointAddress
	0x03,					// bmAttributes (0x03=intr)
	GAMEPAD_SIZE, 0,			// wMaxPacketSize
	10,					// bInterval
	////////////////////////////////////////////////////////////
	// interface descriptor, USB spec 9.6.5, page 267-269, Table 9-12
	9,					// bLength
	4,					// bDescriptorType
	GAMEPAD_INTERFACE(4),			// bInterfaceNumber
	0,					// bAlternateSetting
	1,					// bNumEndpoints
	0x03,					// bInterfaceClass (0x03 = HID)
	0x00,					// bInterfaceSubClass (0x00 = No Boot)
	0x00,					// bInterfaceProtocol (0x00 = No Protocol)
	0,					// iInterface
	// HID interface descriptor, HID 1.11 spec, section 6.2.1
	9,					// bLength
	0x21,					// bDescriptorType
	0x11, 0x01,				// bcdHID
	0,					// bCountryCode
	1,					// bNumDescriptors
	0x22,					// bDescriptorType
	sizeof(gamepad_hid_report_desc),	// wDescriptorLength
	0,
	// endpoint descriptor, USB spec 9.6.6, page 269-271, Table 9-13
	7,					// bLength
	5,					// bDescriptorType
	GAMEPAD_ENDPOINT(4) | 0x80,		// bEndpointAddress
	0x03,					// bmAttributes (0x03=intr)
	GAMEPAD_SIZE, 0,			// wMaxPacketSize
	10					// bInterval
	////////////////////////////////////////////////////////////
};

// If you're desperate for a little extra code memory, these strings
// can be completely removed if iManufacturer, iProduct, iSerialNumber
// in the device desciptor are changed to zeros.
struct usb_string_descriptor_struct {
	uint8_t bLength;
	uint8_t bDescriptorType;
	int16_t wString[];
};
static const struct usb_string_descriptor_struct PROGMEM string0 = {
	4,
	3,
	{0x0409}
};
static const struct usb_string_descriptor_struct PROGMEM string1 = {
	sizeof(STR_MANUFACTURER),
	3,
	STR_MANUFACTURER
};
static const struct usb_string_descriptor_struct PROGMEM string2 = {
	sizeof(STR_PRODUCT),
	3,
	STR_PRODUCT
};

// This table defines which descriptor data is sent for each specific
// request from the host (in wValue and wIndex).
static const struct descriptor_list_struct {
	uint16_t	wValue;
	uint16_t	wIndex;
	const uint8_t	*addr;
	uint8_t		length;
} PROGMEM descriptor_list[] = {
	{0x0100, 0x0000, device_descriptor, sizeof(device_descriptor)},
	{0x0200, 0x0000, config1_descriptor, sizeof(config1_descriptor)},
	{0x2100, GAMEPAD_INTERFACE(0), config1_descriptor+GAMEPAD_HID_DESC_OFFSET(0), 9},
	{0x2200, GAMEPAD_INTERFACE(0), gamepad_hid_report_desc, sizeof(gamepad_hid_report_desc)},
	{0x2100, GAMEPAD_INTERFACE(1), config1_descriptor+GAMEPAD_HID_DESC_OFFSET(1), 9},
	{0x2200, GAMEPAD_INTERFACE(1), gamepad_hid_report_desc, sizeof(gamepad_hid_report_desc)},
	{0x2100, GAMEPAD_INTERFACE(2), config1_descriptor+GAMEPAD_HID_DESC_OFFSET(2), 9},
	{0x2200, GAMEPAD_INTERFACE(2), gamepad_hid_report_desc, sizeof(gamepad_hid_report_desc)},
	{0x2100, GAMEPAD_INTERFACE(3), config1_descriptor+GAMEPAD_HID_DESC_OFFSET(3), 9},
	{0x2200, GAMEPAD_INTERFACE(3), gamepad_hid_report_desc, sizeof(gamepad_hid_report_desc)},
	{0x2100, GAMEPAD_INTERFACE(4), config1_descriptor+GAMEPAD_HID_DESC_OFFSET(4), 9},
	{0x2200, GAMEPAD_INTERFACE(4), gamepad_hid_report_desc, sizeof(gamepad_hid_report_desc)},
	{0x0300, 0x0000, (const uint8_t *)&string0, 4},
	{0x0301, 0x0409, (const uint8_t *)&string1, sizeof(STR_MANUFACTURER)},
	{0x0302, 0x0409, (const uint8_t *)&string2, sizeof(STR_PRODUCT)}
};
#define NUM_DESC_LIST (sizeof(descriptor_list)/sizeof(struct descriptor_list_struct))


/**************************************************************************
 *
 *  Variables - these are the only non-stack RAM usage
 *
 **************************************************************************/

// zero when we are not configured, non-zero when enumerated
static volatile uint8_t usb_configuration = 0;
/*
static const gamepad_state_t PROGMEM gamepad_idle_state = {
	.x_axis = 0x80, .y_axis = 0x80, .buttons=0,
};
*/
static uint8_t gamepad_idle_config = 0;

// protocol setting from the host.  We use exactly the same report
// either way, so this variable only stores the setting since we
// are required to be able to report which setting is in use.
static uint8_t gamepad_protocol = 1;

/**************************************************************************
 *
 *  Public Functions - these are the API intended for the user
 *
 **************************************************************************/

// initialize USB
void usb_init(void) {
	HW_CONFIG();
	USB_FREEZE();				// enable USB
	PLL_CONFIG();				// config PLL
	while (!(PLLCSR & (1<<PLOCK)));		// wait for PLL lock
	USB_CONFIG();				// start USB clock
	UDCON = 0;				// enable attach resistor
	usb_configuration = 0;
	UDIEN = (1<<EORSTE)|(1<<SOFE);
	sei();
}

// return 0 if the USB is not configured, or the configuration
// number selected by the HOST
uint8_t usb_configured(void) {
	return usb_configuration;
}

volatile gamepad_state_t gamepad_state[NUMBER_OF_INTERFACES];
/*
inline void usb_gamepad_reset_state(void) {
	memcpy_P(&gamepad_state, &gamepad_idle_state, sizeof(gamepad_state_t));
}
*/
int8_t usb_gamepad_send(int8_t gamepad_number) {
	uint8_t intr_state, timeout, i;

	if (!usb_configuration) return -1;
	intr_state = SREG;
	cli();
	UENUM = GAMEPAD_ENDPOINT(gamepad_number);
	timeout = UDFNUML + 1;
	while (1) {
		// are we ready to transmit?
		if (UEINTX & (1<<RWAL)) break;
		SREG = intr_state;
		// has the USB gone offline?
		if (!usb_configuration) return -1;
		// have we waited too long?
		if (UDFNUML == timeout) return -1;
		// get ready to try checking again
		intr_state = SREG;
		cli();
		UENUM = GAMEPAD_ENDPOINT(gamepad_number);
	}
	//PORTD=1<<gamepad_number;
	for (i=0; i<sizeof(gamepad_state_t); i++) {
		UEDATX = ((uint8_t*)&gamepad_state[gamepad_number])[i];
	}

	UEINTX = 0x3A;
	SREG = intr_state;
	return 0;
}

/**************************************************************************
 *
 *  Private Functions - not intended for general user consumption....
 *
 **************************************************************************/

ISR(USB_GEN_vect)
{
	uint8_t intbits;

	intbits = UDINT;
	UDINT = 0;
	if (intbits & (1<<EORSTI)) {
		UENUM = 0;
		UECONX = 1;
		UECFG0X = EP_TYPE_CONTROL;
		UECFG1X = EP_SIZE(ENDPOINT0_SIZE) | EP_SINGLE_BUFFER;
		UEIENX = (1<<RXSTPE);
		usb_configuration = 0;
	}
}

// Misc functions to wait for ready and send/receive packets
static inline void usb_wait_in_ready(void)
{
	while (!(UEINTX & (1<<TXINI))) ;
}
static inline void usb_send_in(void)
{
	UEINTX = ~(1<<TXINI);
}
static inline void usb_wait_receive_out(void)
{
	while (!(UEINTX & (1<<RXOUTI))) ;
}
static inline void usb_ack_out(void)
{
	UEINTX = ~(1<<RXOUTI);
}

// USB Endpoint Interrupt - endpoint 0 is handled here.  The
// other endpoints are manipulated by the user-callable
// functions, and the start-of-frame interrupt.
//
ISR(USB_COM_vect)
{
	uint8_t intbits;
	const uint8_t *list;
	const uint8_t *cfg;
	uint8_t i, n, len, en;
	uint8_t bmRequestType;
	uint8_t bRequest;
	uint16_t wValue;
	uint16_t wIndex;
	uint16_t wLength;
	uint16_t desc_val;
	const uint8_t *desc_addr;
	uint8_t	desc_length;

	UENUM = 0;
	intbits = UEINTX;
	if (intbits & (1<<RXSTPI)) {
		bmRequestType = UEDATX;
		bRequest = UEDATX;
		wValue = UEDATX;
		wValue |= (UEDATX << 8);
		wIndex = UEDATX;
		wIndex |= (UEDATX << 8);
		wLength = UEDATX;
		wLength |= (UEDATX << 8);
		UEINTX = ~((1<<RXSTPI) | (1<<RXOUTI) | (1<<TXINI));
		if (bRequest == GET_DESCRIPTOR) {
			list = (const uint8_t *)descriptor_list;
			for (i=0; ; i++) {
				if (i >= NUM_DESC_LIST) {
					UECONX = (1<<STALLRQ)|(1<<EPEN);  //stall
					return;
				}
				desc_val = pgm_read_word(list);
				if (desc_val != wValue) {
					list += sizeof(struct descriptor_list_struct);
					continue;
				}
				list += 2;
				desc_val = pgm_read_word(list);
				if (desc_val != wIndex) {
					list += sizeof(struct descriptor_list_struct)-2;
					continue;
				}
				list += 2;
				desc_addr = (const uint8_t *)pgm_read_word(list);
				list += 2;
				desc_length = pgm_read_byte(list);
				break;
			}
			len = (wLength < 256) ? wLength : 255;
			if (len > desc_length) len = desc_length;
			do {
				// wait for host ready for IN packet
				do {
					i = UEINTX;
				} while (!(i & ((1<<TXINI)|(1<<RXOUTI))));
				if (i & (1<<RXOUTI)) return;	// abort
				// send IN packet
				n = len < ENDPOINT0_SIZE ? len : ENDPOINT0_SIZE;
				for (i = n; i; i--) {
					UEDATX = pgm_read_byte(desc_addr++);
				}
				len -= n;
				usb_send_in();
			} while (len || n == ENDPOINT0_SIZE);
			return;
		}
		if (bRequest == SET_ADDRESS) {
			usb_send_in();
			usb_wait_in_ready();
			UDADDR = wValue | (1<<ADDEN);
			return;
		}
		if (bRequest == SET_CONFIGURATION && bmRequestType == 0) {
			usb_configuration = wValue;
			usb_send_in();
			cfg = endpoint_config_table;
			for (i=1; i<=NUMBER_OF_INTERFACES; i++) {
				UENUM = i;
				en = pgm_read_byte(cfg++);
				UECONX = en;
				if (en) {
					UECFG0X = pgm_read_byte(cfg++);
					UECFG1X = pgm_read_byte(cfg++);
				}
			}
			UERST = 0x1E;
			UERST = 0;
			return;
		}
		if (bRequest == GET_CONFIGURATION && bmRequestType == 0x80) {
			usb_wait_in_ready();
			UEDATX = usb_configuration;
			usb_send_in();
			return;
		}

		if (bRequest == GET_STATUS) {
			usb_wait_in_ready();
			i = 0;
			#ifdef SUPPORT_ENDPOINT_HALT
			if (bmRequestType == 0x82) {
				UENUM = wIndex;
				if (UECONX & (1<<STALLRQ)) i = 1;
				UENUM = 0;
			}
			#endif
			UEDATX = i;
			UEDATX = 0;
			usb_send_in();
			return;
		}
		#ifdef SUPPORT_ENDPOINT_HALT
		if ((bRequest == CLEAR_FEATURE || bRequest == SET_FEATURE)
		  && bmRequestType == 0x02 && wValue == 0) {
			i = wIndex & 0x7F;
			if (i >= 1 && i <= MAX_ENDPOINT) {
				usb_send_in();
				UENUM = i;
				if (bRequest == SET_FEATURE) {
					UECONX = (1<<STALLRQ)|(1<<EPEN);
				} else {
					UECONX = (1<<STALLRQC)|(1<<RSTDT)|(1<<EPEN);
					UERST = (1 << i);
					UERST = 0;
				}
				return;
			}
		}
		#endif
		if (wIndex >= GAMEPAD_INTERFACE(0) && wIndex <= GAMEPAD_INTERFACE(NUMBER_OF_INTERFACES-1)) {
			if (bmRequestType == 0xA1) {
				if (bRequest == HID_GET_REPORT) {
					usb_wait_in_ready();
					for (i=0; i<sizeof(gamepad_state_t); i++) {
						UEDATX = ((uint8_t*)&(gamepad_state[GAMEPAD_NUMBER(wIndex)]))[i];
					}
					usb_send_in();
					return;
				}
				if (bRequest == HID_GET_IDLE) {
					usb_wait_in_ready();
					UEDATX = gamepad_idle_config;
					usb_send_in();
					return;
				}
				if (bRequest == HID_GET_PROTOCOL) {
					usb_wait_in_ready();
					UEDATX = gamepad_protocol;
					usb_send_in();
					return;
				}
			}
			if (bmRequestType == 0x21) {
				if (bRequest == HID_SET_REPORT) {
					usb_wait_receive_out();
					usb_ack_out();
					usb_send_in();
					return;
				}
				if (bRequest == HID_SET_IDLE) {
					gamepad_idle_config = (wValue >> 8);
					usb_send_in();
					return;
				}
				if (bRequest == HID_SET_PROTOCOL) {
					gamepad_protocol = wValue;
					usb_send_in();
					return;
				}
			}
		}
	}
	UECONX = (1<<STALLRQ) | (1<<EPEN);	// stall
}







ArcadeJoystickX4PlusSimonGame-master/usb_gamepad.h

/* Teensy Gamepad
 * Copyright (C) 2011 Josh Kropf <josh@slashdev.ca>
 *
 * Based on keyboard example for Teensy USB Development Board
 * http://www.pjrc.com/teensy/usb_keyboard.html
 * Copyright (c) 2008 PJRC.COM, LLC
 *
 * Permission is hereby granted, free of charge, to any person obtaining a copy
 * of this software and associated documentation files (the "Software"), to deal
 * in the Software without restriction, including without limitation the rights
 * to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
 * copies of the Software, and to permit persons to whom the Software is
 * furnished to do so, subject to the following conditions:
 *
 * The above copyright notice and this permission notice shall be included in
 * all copies or substantial portions of the Software.
 *
 * THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
 * IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
 * FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
 * AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
 * LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
 * OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
 * THE SOFTWARE.
 */
#ifndef usb_gamepad_h__
#define usb_gamepad_h__

#include <stdint.h>

void usb_init(void);			// initialize everything
uint8_t usb_configured(void);		// is the USB port configured

#define NUMBER_OF_INTERFACES 5
#define GAMEPAD_INTERFACE(x) x
#define GAMEPAD_NUMBER(x)	x

typedef struct {
	// dpad axis, 0x00 left/up, 0x80 middle, 0xff right/down
	uint8_t x_axis;
	uint8_t y_axis;
	// digital buttons, 0 = off, 1 = on
	uint8_t buttons;
} gamepad_state_t;

extern volatile gamepad_state_t gamepad_state[NUMBER_OF_INTERFACES];

//void usb_gamepad_reset_state(void);

int8_t usb_gamepad_send(int8_t gamepad_number);

// Everything below this point is only intended for usb_gamepad.c
#ifdef USB_GAMEPAD_PRIVATE_INCLUDE
#include <avr/io.h>
#include <avr/pgmspace.h>
#include <avr/interrupt.h>

#define EP_TYPE_CONTROL			0x00
#define EP_TYPE_BULK_IN			0x81
#define EP_TYPE_BULK_OUT		0x80
#define EP_TYPE_INTERRUPT_IN		0xC1
#define EP_TYPE_INTERRUPT_OUT		0xC0
#define EP_TYPE_ISOCHRONOUS_IN		0x41
#define EP_TYPE_ISOCHRONOUS_OUT		0x40

#define EP_SINGLE_BUFFER		0x02
#define EP_DOUBLE_BUFFER		0x06

#define EP_SIZE(s)	((s) == 64 ? 0x30 :	\
			((s) == 32 ? 0x20 :	\
			((s) == 16 ? 0x10 :	\
			             0x00)))

#define MAX_ENDPOINT		12

#define LSB(n) (n & 255)
#define MSB(n) ((n >> 8) & 255)

#if defined(__AVR_AT90USB162__)
#define HW_CONFIG()
#define PLL_CONFIG() (PLLCSR = ((1<<PLLE)|(1<<PLLP0)))
#define USB_CONFIG() (USBCON = (1<<USBE))
#define USB_FREEZE() (USBCON = ((1<<USBE)|(1<<FRZCLK)))
#elif defined(__AVR_ATmega32U4__)
#define HW_CONFIG() (UHWCON = 0x01)
#define PLL_CONFIG() (PLLCSR = 0x12)
#define USB_CONFIG() (USBCON = ((1<<USBE)|(1<<OTGPADE)))
#define USB_FREEZE() (USBCON = ((1<<USBE)|(1<<FRZCLK)))
#elif defined(__AVR_AT90USB646__)
#define HW_CONFIG() (UHWCON = 0x81)
#define PLL_CONFIG() (PLLCSR = 0x1A)
#define USB_CONFIG() (USBCON = ((1<<USBE)|(1<<OTGPADE)))
#define USB_FREEZE() (USBCON = ((1<<USBE)|(1<<FRZCLK)))
#elif defined(__AVR_AT90USB1286__)
#define HW_CONFIG() (UHWCON = 0x81)
#define PLL_CONFIG() (PLLCSR = 0x16)
#define USB_CONFIG() (USBCON = ((1<<USBE)|(1<<OTGPADE)))
#define USB_FREEZE() (USBCON = ((1<<USBE)|(1<<FRZCLK)))
#endif

// standard control endpoint request types
#define GET_STATUS			0
#define CLEAR_FEATURE			1
#define SET_FEATURE			3
#define SET_ADDRESS			5
#define GET_DESCRIPTOR			6
#define GET_CONFIGURATION		8
#define SET_CONFIGURATION		9
#define GET_INTERFACE			10
#define SET_INTERFACE			11
// HID (human interface device)
#define HID_GET_REPORT			1
#define HID_GET_IDLE			2
#define HID_GET_PROTOCOL		3
#define HID_SET_REPORT			9
#define HID_SET_IDLE			10
#define HID_SET_PROTOCOL		11
// CDC (communication class device)
#define CDC_SET_LINE_CODING		0x20
#define CDC_GET_LINE_CODING		0x21
#define CDC_SET_CONTROL_LINE_STATE	0x22
#endif
#endif
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