SPECIFICATION

GAME DEVICE, GAME MACHINE OPERATION DEVICE AND GAME SYSTEM
WHICH EMPLOY A HALE-DUPLEX SERIAL COMMUNICATION SYSTEM AND
GAME DEVICE TWO-WAY COMMUNICATION METHOD

TECHNICAL FIELD
This invention relates to a game device, a game machine operation device, a
game system, and a game device two-way communication method, which for example,

are suitable for a video game system.

BACKGROUND OF THE INVENTION

Heretolore there have been video game systems in which controllers as
operation means are connected 1o a video game machine main unit, and the game
proceeds by the users manipulating the controllers. Video game systems adopt a
lull-duplex communication system as their system for communication between the
television game machine main unit and the controllers, and they transmit and receive
data simultancously. In this case, the television game system employs a handshaking
method whereby when data is to be transmitted or received, first, agreement is reached
concerning the protocol of the speed or format, etc. by which the data is to be
transmitted and received, and data is transmitled and received based on this agreement.

In an interactive application such as a television game system, in order to
improve the sense of immediacy of operation by the user, it is imporiant that the
operation information input through the controller be quickly reflected in the sound and
images of the television game machinc. Generally, in a television game machinc,
operation information from the controller is acquired while one image frame is being

scanncd on the monitor, and the image for the next frame is generated based on this

9905074- 2

11 0CT 1939



‘operation information. Therclore in a television game machine, in order to improve the
picture quality with limited computational capacity, the time for acquiring operation
information from the controller must be kept as short as possible, and the time for
generating a onc-frame image must be sct as long as possible.

Mcanwhile, depending on the application that is to be uscd, sometimes multiple
controllers are connccted 1o the television game machine. Also, sometimes a controller
is uscd not just for iﬁpulling digital data such as a simple on/off switch, but for inputting
an analog signal via a joystick in order, tor example, to specify a desired spot on the
display. Morcover, the controller is sometimes also used to provide fecdback
information to the user, such as impact or vibration. This all has tended to increase the
communication time between the television game machine main unit and the controllers
in television game systems.

However, a television game system must shorien the communication time in
order to improve the picture quality, as mentioned above. One way to realize such
shortening of the communication time would be to increasc a data transfer ratc between
the television game machine main unit and the controller. However, in a television
game system, simply increasing the transfer rate will also increasc the so-called
unwanied radiation that is produccdﬁ (rom the cable that connects the television game
machine main unit with the controller. Available as communication systéms that
prevent an increase in such unwanted radiation are the low-voltage difference signal
(LVDS) communication system, the double shielded line communication system, the
optical fiber communication system, and the infrared communication system. Among
these, what are effective are LVDS communication systems in which the number of
signal lines is reduced and the shielding is strengthened, such as, for example, USB
(universal serial bus) or IEEE 1394 (the Institute of Electrical and Electronic Engincers
1394),

When the number of cable signal lines in a television game system is thus



reduced, full-duplex communication (;r synchronous communication, or elficicnt
communication cmploying control lincs, becomes difficult, so there is no other
altcrnative but 1o carry out all data transmission and reception or communication control
with a half-duplex communication system. Therefore, for example with the USB, when
data is 10 be transmitied or received, and transmission and reception are done separately,
first a protocol is established for the speed and format by which the data shall be
transmitted and received, then the data is transmitted and received based on this
protocol.

In such a television game system, if the volume of data communication to be
| transferred afler establishment of the protocol is large, the volume of data
communication required for establishing the protocol (the so-called overhead) will be
smaller than the volume of data communication to be transferred, and can be ignored.
However, in a video game system, the volume of data communication Lo be transferred
between the television game machine main unit and the game controllers is smaller than
the volume of data communication to be translerred il a computer peripheral device,
printer, speaker, modem, ete. are connected 1o the television game machine main unit.
Thus a television game system requires, in addition to the volume of data
communicatjon (o be transferred after the protocol is established, an overhcad involving
a large volume of communication, and as a result, the problem arises that the

communication time increases.

SUMMARY OF THE INVENTION
[t is an object of the present invention to provide a game device, game machine
_operation device, a game system, and a game device two-way communication method
which can transmil and receive data at a higher speed than conventional devices of the
type under considcration.

This and other objects of this invention are attained by a gamce device that



employs a hall-duplex scrial communication system as its system of communication

with game machine operation devices connected via a serial port, and which compriscs
mcans for combining, based on the identifiers of said game machine operation devices
supplied from cach game machine operation device, a communication protocol that
transmils and rcceives data for each single character with a communication protocol that
transmits or receives data for two or more characters in a row, and it switches the
communication protocol to a communication protocol that corresponds to the game
machine operation device.

By combining a communication protocol that transmits and receives data for
each single character and a communication protocol that transmils or receives data tor
two or more characters in a row, and swilching the communication protocol to the
communicalion protocol that corresponds to the game machine operation device, the
amount of communication required between the game device and the game machine
aperation devices can be minimized to a greater extent than in the casc of simply
transmitling and receiving data for cach single character as previously.

Also, in the present invention, a game machine operation device is proposed,
which employs a half-duplex serial communication system as its system of
communication with a game device to which it is connected via a serial port, and which
has an identifier that is unique to said game machine operation device, and comprising

- means for providing the identifier to the game device when said game machine
aperation device is connected to said game device, lo cause the game device (0 combine
a communication protocol that transmils and receives data for each single character and
a communication protocol that transmits or receives data for two or more characters in a
row, and to switch the communication protocol 1o the communication protocol that
corresponds to said game machine operation device.

By combining a communication protocol that transmits and reccives data for

cach single character and a4 cominunication protocol that transmits or receives data for



two or morc characters in a row, and swilching the communication protocol to the
communicalion protocol that corresponds to the game machine operation device, the
amount of communication .rcquircd between the game device and the game machine
operation devices can be minimized to a greater extent than in the casc of simply
transmitting and recciving data for cach single character as previously.

Also, according to this invention, a game system is provided, in which a game
device and game machine operation devices are connected via a serial port and that
employs a hall-duplex serial communication system as its system of communication
between said game device and game machine operation devices, wherein the game
device combines, based on the identifiers of said game machine operation devices
supplied from the game machine operation devices, a communication protocol that
transmits and receives data for cach single character with a communication protocol that
transmits or receives data for iwo or more characters in a row, and swilches the
communication protocol to the communication protocol that corresponds to the game
machine operalion device, and game machine operation devices that each have an
identifier that is unique to the game machine operation device and give the identifier o
the game device when the game machine operation device is connected 1o the game
device.

By combining a communication protocol that transmits and receives data for
each single characier and a communication protocol that transmits or receives data for
two or more characters in a row, and switching the communication protocol to the
communication protocol that corresponds to the pame machine operation device, the
amount of communication required between the game device and the game machine
operation devices can be minimized to a greater extent than in the case of simply
lfansmitting and receiving data for cach single character as previously.

Also, according to the invention, a game device two-way communication

method is provided, that employs a half-duplex scrial communication system as its



'

system of communication with game machine operation devices connected via a serial
port, and based on the identificrs of said game machinc operation devices supplicd {rom
the game machine operation devices, it combines 2 communication protocol that
transmits and receives data for each single character and a communication protocol that
transmits or receives data for two or more characters in a row, and switches the
communication protocol to a communication protocol that corresponds to the game
machine operation device.

By combining a communication protocol that transmits and receives data for
each single character and a communication protocol that transmits or receives dala for
two or more characters in a row, and switching the communication protocol to the
communicalion protocol that corresponds to the game machine operation device, the
amount of communication required between the game device and the game machine
operation devices can be minimized to a greater extent than in the case of simply

transmitting and receiving data for each single character as previously.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the configuration of a television game system
according Lo an embodiment of the invention;

Fig. 2 is a block diagram showing the configuration of a television game
machine main unit of the system of Fig. 1;

Fig. 3 is a block diagram showing the configuration of a game controller of the
system of Fig. 1;

Figs. 4 and 5 show a flowchart of the two-way communication method of the
television game machine main unit of the system of Fig. 1;

Figs. 6 and 7 show a flowchart of the method for confirming the ID number and
communication mode of a gamc coniroller;

Fig. 8 is a flawchart showing a two-way communication method by handshake



mode;

Fig. 9 is a flowchart showing a two-way communication method by continuous
transmission/continuous reception mode; and

Figs. 10 and 11 show a flowchart showing the two-way communication method

by handshake/continuous reception mode.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In Fig. 1, 1 designates a television game system as a whole. The television
game system includes a television game machine main unit 2 and game machince
operation devices (game controllers) 3A-3C, which input commands to the television
game machine main unit 2 in accordance with the content of the game and the progress
of the game. Tclevision game machine main unit 2 has controller ports 4A-4D, which
are scrial ports, as an interface with external peripheral devices, and the desired
peripheral devices can be conncected.

Connccled to controlier port 4A is game controller 3A, and operation
information corresponding to operations by the user is transmitted to television game
machine main unit 2 via controller port 4A. Connected to game controller 3A is a
memory ca.rd 5A, which can store the desired game information (for example, if the
game js interrupted before it has ended, the state of its progress thus far).

Connected to controller port 4B is 2 multi-tap port 6 for expanding the controller
port 4B. Connected to the multi-tap port 6 are game controllers 3B and 3C, and
connected to game controller 3C is a memory card 5B. Also connecled to multi-tap port
6 is a lightpen-type gun controller 7A. When a trigger formed on gun controller 7A is
pulled, it appears to hit what is on the screen of television game machine main unit 2
where the tip of gun controller 7A is aimed. Connected to controller port 4C is a gun
controller 7B, and connected to controller port 4D is a memory card 5C.

Thus television game machine main unit 2 can cxecute application soltware,



such as games, while carrying out data communication with multiple peripheral devices
connected via controller ports 4A-4D. By conncecting multiple game controllers 3A-3C
and gun controllers 7A and 7B to television game machine main unit 2, for example,
interactive games can be played by wnultiple uscrs.

Fig. 2 shows a block diagram of television game machine main unit 2. Host
CPU 10, which manages the entire television game machine main unit 2, controls cach
block via bus 11. By checking the peripheral devices connected to controller ports
4A-4D, host CPU 10 decides the communication mode corresponding to the peripheral
devices. Then host CPU 10 transfers the communication mode information based on
the decided communication mode to a command registes 12 via bus 11, and the
communication mode is set by writing the communication mode information into
command register 12.

Also, host CPU 10 transfers to control register 13, via bus 11, scrial
communication information that indicates the conditions for scrial communication, and
the serial communication is sct and the actual serial communication is begun by writing
the serial communication information into control register 13. Meanwhile, status
register 14 holds the current communication state. Therefore host CPU 10 confirms the
current communication state by accessing status register 14 via bus 11. Timer 15
performs communication timing control. In this way, host CPU 10 adjusts the
communication interval, etc. by accessing timer 15 via bus 11.

Memory 16 is connected to bus 11 and stores the data 1o be communicated.
DMA (direct memory access) controller 17 likewise is connected to bus 11. The DMA
(direct memory access) controller 17 is controlled by FIFO (first-in first-out) controller
18; bascd on a DMA request from the FIFO controller 18, data is transferred between
memory 16 and write FIFO 19 as well as memory 16 and read FIFO 20 while bypassing
host CPU 10.

FIFO controlicr 18 controls the reading and writing of data to and from write
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FIFO 19 and read FIFO 20. Write FIFO 19 temporarily holds the data to be transmitted

to game controller 3A (Fig. 1), while rcad FIFO 20 temporarily holds the data received
from game controller 3A (Fig. 1).

Protocol controller 21, which is connccted to command register 12, control
register 13, slatus register 14, timer 15, FIFO controller 18, and transceiver sclector 22,
controls the flow of data to be transmitted and received. Transceiver sclector 22, at the
time of transmission, format-converts the serial signal to a differcntial signal, selects the
desired controller port 4 {from among controller ports 4A-4D, and transmits the
differential signal via controller port 4 to game controller 3 connected to controller port
4. At the time of reception, on the other hand, transceiver seleclor 22 receives the
differential signal transmitted from desired game controller 3 among game controllers
3A-3C via controller port 4 that corresponds to said game controller 3. And transcciver
selector 22 converls this reccived dilferential signal to a serial signal and outputs it to
DPLL 23. DPLL 23 corrccts the reception timing of the serial signal and outputs it to
protocol controller 21.

Incidentally, if controller CPU 30 has a slow execution speed, protocol
controller 21 is such that the receivable waiting time is sct long. From the fact that the
receivable wailing time is set in accordance with the communication mode, protocol
controller 21 can check whether the game controller 3A is performing cfficient
transmission.

Fig. 3 shows in detail game controller 3A. Game controllers 3A-3C are all
construcled in the same way, so only the configuration of game controller 3A will be
described in detail. As shown in Fig. 3, game controller 3A has the same configuration
as television game machine main unit 2, exceplt for the configuration of controller CPU
30, bus 31, FIFO controller 32, transceiver 33, and ID register 34.

Controller CPU 30, which manages the entire game controller 3A, controls cach

block via bus 31. By accessing [D register 34 via bus 31, controller CPU 30 writes into
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ID register 32 and scts the identilication (ID = identification) number, which is uniquc

1o game controller 3A and is a condition for transmission and reception, and the
category class.

Because game controller 3A docs not have a DMA controller as television game
machinc main unit 2 docs, there is no necd to gencrate a DMA request in FIFO
controller 32. Also, game controller 3A does not have controller ports 4A-4D as
television game machine main unit 2 does. Thus transceiver 33 nced only convert a
serial signal to a diflerential signal at the time of transmission, and convert a dilferential
signal to a serial signal at the time of reception.

With game controller 3A, if the storage capacity of read FIFO 20 is small and
the number of characters of dala Lo be transmitted is large, then the loss of data received
on the television game machine main unit 2 side is prevented by setting the transmission
interval long.

Figs. 4 and 5 show a flowchart of the two-way communication method of the
lclevision game machine main unit 2. First, in step SP2, which is entered from step SP1,
the television game machine main unit 2 decides whether peripheral devices are
connecled to controller paris 4A-4D; if it decides that peripheral devices are connected,
it proceeds to step SP3; if it decides that peripheral devices are not connected, it
proceeds to step SP4. In step SP3, television game machine main unit 2 confirms and
registers the 1D number of the connected peripheral device and the communication
mode corresponding to that ID number.

In step SPS, television game machine main unit 2 decides whether any other
peripheral device is connected; if it decides that a peripheral device is connected, it
returns 10 step SP3 and repeats the operation; if it decides that one is not connected, it
proceeds to step SP4. Television game machine main unit 2 communicates with the
connccted peripheral devices as necessary in accordance with the progress of the game.

In step SP4, television game machine main unit 2 decides whether it is time to
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communicate with a periphcral device; if it decides that communication is to be done, it
proceeds to step SP6; if it decides that no communication is to be done, it proceeds to
step SP7.

In step SP6, television game machine main unit 2 decides whether the connected
peripheral device is a special controller, such as, for example, one that provides the user
impact feedback; if it decides that it is a special controller, it procceds Lo step SPg; it it
decides that it is not a special controller, it proceeds to step SP9. In siep SP8, television
game machine main unit 2 sets the communication mode to handshake mode and
proceeds to step SP9.

In step SP9Y, (clevision game machine main unit 2 decides whether the connected
peripheral device is a standard controller, such as, for cxample, onc in which the data to
be transmitted or received is preset; il' it decides that it is a standard controller, it
procecds to step SP10; if it decides that it is not a standard controller, it proceeds to step
SP11. In step SP10, television game machine main unit 2 sets the communication mode
to continuous transmission/continuous reception mode and proceeds to step SP11.

In step SP11, television game machine main unit 2 decides whether data is to be
read from a connected memory card; if it decides that data is to be read from a
connected memory card, it proceeds to step SP12; if it decides that data is not to be read
from a connected memory card, it proceeds to step SP7. In step SP12, television game
machine main unit 2 sets the communication mode to handshake/continuous reception
mode and proceeds o step SP7.

In step SP7, television game machine main unit 2 decides whether among the
connected peripheral devices there is a device that has been removed by the user; if it
decides that there is a device that has been removed, il proceeds to step SP13; if it
decides that there is no device that has been removed, it proceeds to step SP14. In step
SP13, television game machine main unit 2 deletes registration of the removed device

and proceeds to step SP14. In step SP14, television game machine main unit 2 decides
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whether there is a device that has been newly connected by the uscr; it it decides that

12

there is a device that has been newly connected, it proceeds to step SP15; il the
television game machine unit 2 decides that there is no device that has been newly
connected, it returns 10 step SP4 and repeats the operation. In step SP15, television
game machinc main unit 2 confirms the ID number and communication mode of the
connected device and proceeds to step SP4.

Using the owchart shown in Figure 6 and Figure 7, the specitic processing
procedure in the ID number and communication mode confirmation step (SP3) for game
controller 3A will be now described. TFirst the processing procedure in tclevision game
machine main unit 2 will be discussed. In step SP21, which is entered from slep SP20,
transceiver selector 22 notifies host CPU 10 of an interrupt request. In step SP22, host
CPU 10 initiates the interrupt processing. In step SP23, controlier port 4A detects that
game controller 3A has been newly conncected.

In step SP24, host CPU 10 notifics timer 15, via bus 11, of the conditions
concerning transmission and reception timing and sets said liming conditions in timer
15. Instep SP25, host CPU 10 writes into write FIFO 19 the packet data [or confirming
the connection, that is, a command for requesting the ID number (hcreafier called an 1D
request command) and a command for querying the communication made (herealfier
called a communication mode inquiry command). In step SP26, host CPU 10) specifies
the communication mode to two-byte handshake mode and sets this in register 12.

In step SP27, host CPU 10 directs the initiation of communication in control
register 15. In step SP28, host CPU 10 reads the ID request command from write FIFO
19 and transmits it to game controller 3A via FIFO controller 18, protocol controller 21,
transceiver selector 22, and controller port 4A. In step SP29, tclevision game machine
main unit 2, in response to the ID request command, sends the ID number returned from
game controlicr 3A 1o read FIFO 20 via controller port 4A, transceiver scleclor 22,

DPLL 23, protocol controller 21, and FIFO controller 18, and writes said 1D number
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into read FIFO 20).

In step SP30, host CPU 10 reads the communication mode inquiry command
from write FIFO 19 and transmits this command to game controller 3A via FIFO
controller 18, protocol controller 21, transceiver sclector 22, and controller port 4A. In
. step SP31, television game machine main unit 2, in response to the communication
mode inquiry command, sends the communication mode returned from game controller
3A 1o read FIFO 20 via controller port 4A, transceiver selector 22, DPLL 23, protocol
controller 21, and FIFO controller 18, and writes that communication mode into read
FIFO 20. Status rcgister 14 turns on a flag that indicates that thc command has been
completed. In step SP32, host CPU 10 reads from read FIFO 20 the communication
mode that corresponds to the ID number of game controller 3A. Next, it moves to step
SP33 and terminates the processing.

Next the processing procedurc in game controller 3A will be described. First, in
step SP41, which is entered {rom step SP40), game controller 3A is connected to
controller port 4A of television game machine main unit 2. In step SP42, controller
CPU 30 seis in timer 15 the conditions concerning transmission and reception timing.

In step SP43, controller CPU 30 directs control register 13 to make preparations for
reception. In step SP44, controller CPU 30 decides whether an ID request command
has been received; if controller CPU30 decides that an ID request command has been
received, it proceeds to step SP45; if controller CPU30 decides that it has not been
received, it repeats the operation until it is received.

In step SP4S, controller CPU 30 sends the ID request command received by
transceiver 33 to read FIFO 20 via DPLL 23, protocol controller 21, and FIFO
controller 32, and wriles said ID request command into read FIFFO 20. And status
register 14 turns on a reception flag. In step SP46, when the ID request command is
rcad from rcad FIFO 20 via FIFO controller 32, 1D register 34 sends the 1D numbcer to

write FIFO 19 via FIFO controlier 32, and writes said 1D number into write FIFO 19.
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In step SP47, controller CPU 30 directs the initiation of communication in

14 |

control register 13. In step SP48, controller CPU 30 reads the ID number from wrile
FIFO 19 and transmils it to tclevision game machine main unit 2 via FIFO controller 32,
protocol controller 21, and transceiver 33.

In step SP49, when the communication mode inquiry command transmitted from
television game machine méin unit 2 is received by transceiver 33, controller CPU 30
sends the communication mode inquiry command to read FIFO 20 via DPLL 23,
protocol controller 21, and FIFO controller 32, and writes said communication mode
inquiry command into read FIFO 20. Status register 14 turns on a reception flag.

In step SP50, when the communication mode inquiry command is read from

read FIFO 20 via FIFO controller 32, controller CPU 30 sends the communication mode
that corresponds to the ID number to write FIFO 19 via FIFO controller 32, and writes
said communication mode into write FIFO 19. 1n step SP51, controller CPU 30 directs
the initiation ol communication in control register 13. In step SPS2, controller CPU 30
reads the communication mode that corresponds Lo the ID number from write FIFO 19
and transmils it to tclevision game machine main unit 2 via FIFO controlier 32, protocol
controller 21, and transceiver 33. Next, it moves Lo step SP53 and terminates the
processing.

A two-way communication method according to a handshake mode wilt now be
described in detail using the flowchart shown in Figure 8. Regarding the processing
procedure in television game machine main unit 2, in step SP61, which is entered from
step SP60, host CPU 10 writes the transmission data into memory 16. In step SP62,
host CPU 10 sets the conditions for transmission and reception timing in timer 15.

In step SP63, host CPU 10 selects the communication mode to handshake mode,
wriles into command register 12 that the communication mode is handshake mode, and
sets in command register 12 the number of characters of the data to be transmitted. In

step SP64, host CPU 10 writes the conditions for serial communication into command
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register 13 and directs the initiation ol communication. In step SP6S, FIFO controfler
18 makes a DMA request to write FIFO 19 in response to DMA controlicr 17. 1n step
SP66, DMA controller 17 reads the transmission data from memory 16 and writes said
transmission data into writ¢ FIFO 19 by transferring it to FIFO controller 18.

In step SPG7, pratocol controller 21 sequentially reads, character by character,
the transmission data trom write FIFO 19 via FIFO controller 18, serially converts it by
the timing of timer 15, sends the resulting serial signal to transceiver selector 22, and
alter the serial signal is converted to a differential signal by said transceiver selector 22,
transmits it to game controller 3A.

In step SP68, television game machine main unit 2, in response (o the
transmitted differential signal, receives by transceiver sclector 22 the differential signal
returned {rom game controller 3A. Transceiver sclector 22, while correcting the
rceeption timing by DPLL 23, converts the differential signal to a serial signal and
scnds it to prolocol controller 21. Protocol controller 21 converts the serial signal to
reception data in the prescribed format, and by transferring said reception data to FIFO
controller 18, the rccepl_ion data is wrilten sequentially, characler by character, into read
FIFO 20).

In step SP6Y, protocol controller 21 decides whether the number of characters of
the processed transmission data matches the number of characters set in command
register 12. I it decides that the number of characters processed matches the number of
characters set in command register 12, it proceeds to step SP70, and if it decides that
data of the number of characters set in command register 12 has not been processed, it
returns o step SP67 and repeats the operation.

In step SP70, FIFO controller 18, in response to DMA controlier 17, makes a
DMA request from read FIFO 20 to memory 16. In step SP71, DMA controlicr 17
rcads the reception data from read FIFO 20 via FIFO controller 18, transfers it 1o

memory 16, and writes it into said memory 16. And becausce a flag is set in status
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register 14 that indicates that the transfer of reception data has been completed, host
CPU 10, when it rcads thal (lag from status register 14, initiates the prescribed data
processing with respect to the reception data written in memory 16, Next, it moves Lo
step SP72 and terminates the processing.

Now, the processing procedure in game controller 3A will be described.  First,
in step SP81, which is cntered from step SP80, transceiver 33 decides whether the first
character of data has been received; if it decides that the first character of data has been
received, it proceeds to step SP82, and if it has not been received, it waits until it is
received. In step SP82, transceiver 33 serially converts the reception data and sends it
to DPLL 23. DPLL 23 corrects the reception timing of the reception data and sends it
to protocol controller 21, |

In step SP83, protocol controller 21 confirms whether the reception data
malches the category written in ID register 34, reads the ID numbcer of game controller
3A, serially converts it by the timing of timer 15, and sends it to transceiver 33.
Transceiver 33 converts this scrial signal to a differential signal and transmits it to
television game machine main unit 2. In step SP84, transceiver 33 decides whether the
second characler of data has been received, if it decides that the second character of data
has been received, it proceeds to step SP85, and if it decides that it has not yet been
received, it waits until it is received.

In step SP8S, game controller 3A sends the reception data to read FIFO 2() via,
in succession, transceiver 33, DPLL 23, protocol controller 21, and FIFO controller 32,
and writes the reception data into read FIFO 20. At this time, protocol controller 21 sets
a flag in status register 14 that indicétcs that one character of data has been received. In
step SP86, controller CPU 30, when it detects that the flag of status register 14 has
changed, reads onc character of reception data from read FIFO 20 via FIFO controlier
32. And controller CPU 30 generales reply data for this reception data, sends this reply

data to write FIFO 19 via FIFO controller 32, and writcs it into said write FIFO 19.
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In step SP87, controller CPU 30 directs the initiation of transmission in control

register 13. In step SP88, protocol controller 21 reads the reply data from write FIFO
19 via FIFO controller 32 and transmits it to television game machine main unit 2 via
transceiver 33. In step SP89, it is decided whether the number of characters of data
received malches the number of characters set in command register 13, that is, whether
data of the number of characters sct in command register 13 has been processed and
communication has terminated. 1fit is decided that the number of characiers of data
received matches the number of characters set in command register 13, it proceeds to
step SPY0 and the processing is terminated, and if it is decided that it does not match, it
moves to step SP8S and repeats the operation.

The flowchart of Figure 9, shows the specific processing procedure in the
communication step according to a continuous (ransmission/continuous reception mode
(SP10). First, the processing procedure in television game machine main unit 2 will be
discussed. In step SP101, which is entered from step SP100, host CPU 10 writes the
transmission data into memory 16. In step SP102, host CPU 10 sets the conditions for
transmission and reception timing in timer 15.

[n step SP103, host CPU 10 selects the communication mode to continuous
transmission/continuous reception mode and writes in command register 12 that the
communication mode is continuous lrzinsmission/cuntinuous reception mode. Together
with this, host CPU 10 sets in command register 12 the communication condition that,
for example, afier 4 characlers of data have been transmitted, 8 characters of data will
be received. In step SP104, host CPU 10 writes the conditions for serial communication
into command register 13 and directs the initiation of communication.

In step SP105, FIFO controller 18 makes a DMA request to write FIFO 19 in
response to DMA controller 17.. In stcp SP106, DMA controller 17 reads 4 characters
of transmission data from memory 16 and writes said transmission data into write FIFO

19 by treating this as onc packet of transmission data and scquentially transterring it 10
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FIFO controllcr 18. In step SP107, protocol controller 21 sequentially reads, character
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by character, the transmission data from write FIFO 19 via FIFO controller 18, and
sequentially transmits this read-out transmission data to game controller 3A via
transceiver sclector 22.

In step SP108, protocol controller 21 decides whether 4 characters of
transmission data have been transmitted and transmission processing has terminated; it
it decides that transmission processing has terminated, it proceeds to step SP109, and if
it decides that transmission has not terminated, it returns to step SP107 and repeats the
operation. In step SP109, television game machine main unit 2 receives by trénsccivcr
selector 22 the data returned from game controller 3A and by sending this reception data
to read FIFO 20 via DPLL 23, protocol controller 21, and FIFO controller 18,
scquentially writes the reception data into read FIFO 20, character by character.

In step SP110, protocol controller 21 decides whether 8 characters of reception
data have been received and reception processing has terminated; if it decides that
receplion processing has terminated, it proceeds to step SP111, and if it decides that
reception has not terminated, it returns to step SP109 and repeats the operation. In step
SP111, FIFO controller 18, in response to DMA controller 17, makes a DMA request
{rom read FIFO 20 to memory 16.

In step SP112, DMA controller 17 rcads, as one packet of reception data, 8
characters of reception data from read FIFO 20 via FIFO controller 18, iransfers this to
memory 16, and writes it into said memory 16. And because a flag indicating that the
transfer of the reception data has terminated is set in status register 14, host CPU 10,
when it reads said flag from status register 14, initiates the prescribed data processing in
response to the reception data written in memory 16. Next, it moves (o step SP113 and
tlerminates the processing.

The processing procedure in game controller 3A will now be discussed. First, in

step SP121, which is entered from step SP120, transceiver 33 receives, character by
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character, the data transmitted from tclcvisinﬁ game machine main unit 2 and
sequentially sends this reception data to protocol controller 21 via DPLL 23. In step
SP122, protocol controller 21 decides whether the reception data is the first character; if
protocol controller 21 decides that the reception data is the first character, it proceeds to
step SP123, and if it is not the first character, it proceeds to step SP124.

In step SP123, protocol controller 21 confirms whether the reception data
matches the category written in ID register 34. In step SP124, protocol controller 21
sends the reception data to read FIFO 20 via FIFO controller 32 and writes said
reception data into read FIFO 20. At this time, protocol controller 21 scts a flag in
status register 14 that indicates that one character of data has been received.

In step SP125, protocol controfler 21 decides whether 4 characters of reception
data have been processed and receplion processing has terminated; if protocol controlier
21 decides that 4 characters of reception data have been processed and reception
processing has terminated, it proceeds to step SP126, and if it decides that reception has
not terminated, it returns to step SP121 and repeats the operation.

In step SP126, cunlrollcr.CPU 30, when it detects that the flag of status register
14 has changed, reads 4 characters of reception data from read FIFO 20 via FIFO
controller 32. And controller CPU 30 generates reply data for this reception data, sends
this reply data to write FIFO 19 via FIFO controller 32, and writes it into said write
FIFO 19.

In step SP127, controller CPU 30 directs the initiation of transmission in control
register 13. In step SP128, protocol controller 21 reads the reply data from write FIFO
19 via FIFO controller 32 and transmits it to television game machine main unit 2 via
transceiver 33.

In step SP129, protocol controller 21 decides whether the number of characters
of data transmitted matches the number of characters set in command register 13, that is,

whether 8 characters of data have been transmitted and transmission processing has
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tcriminated. 1 it is decided that transmission has terminated, it proceeds to step SP13(,
and if it is decided that it has not terminated, it returns to step SP128 and repeats the
operation. In step SP130, controller CPU 30 reads the reception data (rom read FIFO
20 via FIFO controller 32 and performs the prescribed data processing. Next, it moves
to siep SP131 and terminates the processing.

The two-way communication method according to a handshake/continuous
reception mode will be discussed with reference to the flowchart of Figs. 10 and 11,
which shows the specific processing procedure in the communication step by
handshake/continuous reception mode (SP12). In the processing procedure in television
game machine main unit 2, in step SP141, which is entered from step SP140, host CPU
10 writes the transmission data into memory 16. In step SP142, host CPU 10 sets the
conditions for transmission and reception timing in timer 15.

In step SP143, host CPU 10 selects the communication mode 1o
handshake/continuous reception mode and writes in command register 12 that the
communication mode is handshake/continuous reception mode.  Simultancously, host
CPU 10 sets in command register 12 a communication condition such that afler 3
characlers of data have been transmitled and reccived, 7 characters of data in a row will
be received.

In step SP144, host CPU 10 writes the conditions for serial communication into
command regisier 13 and directs the initiation of communication. In step SP145, FIFO
conlroller 18 makes a DMA request to write FIFO 19 in response to DMA controller 17.

In step SP146, DMA controller 17 reads the transmission data from memory 16 and
wriles said transmission data into write FIFO 19 by transferring it to FIFO controller 18.

In step SP147, protocol controller 21 scquentially reads, character by characler,
the transmission data from write FIFO 19 via FIFO controller 18 and sequentially
transmits said transmission data to game controller 3A via transceiver sclector 22. In

step SP148, television game machine main unit 2 reccives at transceiver selector 22 the
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data returncd from game controller 3A and sequentially writes the reception data into
read FIFO 20) character by ‘character, by sequentially sending this reception data via
DPLL. 23, protocul controller 21, FIFO controller 18, and read FIFO 20.

In step SP14Y, protocol controller 21 decides, based on the communication
conditjons sct in command register 12, whether to terminate handshake mode by
transmitting 3 characters of data to game controller 3A and recciving 3 characters of
data from gamc controller 3A. 1, as a result, 3 characters of data are transmitted and
received and handshake mode is terminated, it proceeds to step SP150 and makes a
(ransition Lo continuous reception mode, and if it is decided that 3 characters of data
have not been transmiticd and received, it returns to step SP147 and repeats the
operation.

In step SP150), television game machine main unit 2 transters the reception data
received character by character by transceiver selector 22 to read FIFO 20 via DPLL 23,
protocol controller 21, and FIFO controller 18, and sequentially writes said reception
data into read FITO 20, In sticp SP151, prutucsl conttoller 21 deuides, Lascd on the
communication conditions set in command register 12, whether 7 characiers of data
have been reccived. 1, as a result, protocol controller 21 decides to receive 7 characters
of data and terminate reception processing, it proceeds to step SP152, and if it is
decided that 7 characlers of data have not yet been received, it returns to siep SP150 and
repeats the operation.

In step SP152, FIFO controller 18, in response Lo DMA controller 17, makes a
DMA request from read FIFO 20 to memory 16. In step SP154, DMA controller 17
reads reception data from read FIFO 20 via FIFO controller 18, transfers this to memory
16, and writes il into said memory 16. Because a flag is set in status register 14 that
indicates that the transfer of reception data has been completed, host CPU 10, when it
reads said {lag from status register 14, initiates the prescribed data processing with

respect to the reception data writlen in memory 16. Next, it movces to step SP154 and
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lerminates the processing.

In the processing procedure in game controller 3A, in step SP161, which is
cnlered from step SP160, transceiver 33 decides whether the first character of data has
been received; if it decides that the first character of data has been received, it proceeds
1o step SP162, and if it has not been received, it waits until it is received. In siep SP162,
transceiver 33 sends the reception data to protocol controller 21 via DPLL 23.

In step SP163, protocol controller 21 confirms whether the reception data
matches the category written in 1D register 34, reads the [D number of game controller
3A, and transmits it 10 lelevision game machine main unit 2 via transceiver 33. In step
SP164, transceiver 33 decides whether the second character of data has been received; if
it decides that the second character of data has been received, it proceeds to siep SP165,
and if it decides that it has not yet been received, it waits until it is received.

In step SP165, game controller 3A scnds the reception data to read FIFO 20 via,
in succession, transceiver 33, DPLL 23, protoco! controller 21, and FIFO controller 32,
and writes the reception data into read FIFO 20. At this time, protocol controller 21 scts
a flag in status register 14 that indicates that one character of data has been received. In
step SP166, controller CPU 30, when it detects that the flag of status register 14 has
changed, reads one character of reception data from read FIFO 20 via FIFO controller
32. And controller CPU 30 gencrates reply data for this reception data, sends this reply
data 1o write FIFO 19 via FIFO controller 32, and writes it into said write FIFO 19.

In step SP167, controller CPU 30 directs the initiation of transmission in control
register 13. 1n step SP168, protocol controller 21 reads the reply data from write FIFO
19 via FIFO controller 32 and transmits it to television game machine main unit 2 via
transceiver 33. In step SP169, it is decided, based on the communication conditions set
in command register 13, whether 3 characters of data have been received and 3
characters of data have been transmitted. If, as a result, it is decided that 3 characlers

have been received and transmitted and handshake mode has terminated, it moves to
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step SP170 and 1erminates the processing, and if it is decided that 3 characters of data
have not been received and transmitted, it moves to step SP165 and repeats the
opcration.

In step SP170, controller CPU 30 generates reply data for the reception data,
scnds this reply data to write FIFQ 19 via FIFO controller 32, and writes it into said
write FIFO 19. In step SP171, controller CPU 30 directs the initiation ol transmission
in control register 13. In step SP172, protocol controller 21 rcads the reply data from
write FIFO 19 via FIFO controller 32 and transmits it to television game machine main
unit 2 via transceiver 33.

In step SP173, protocol controller 21 decides whether the number of characters
of data transmitted matches the number of characters set in command register 13, that is,
whether 7 characters of data have been transmitted and transmission processing has
terminated. If, as a result, it decides that transmission has terminated, it proceeds to step
SP174, and if it decides that it has not terminated, it returns to step SP172 and repeats
the operation. In step SP174, controller CPU 30) reads the reception data from read
FIFO 20 via FIFO controller 32 and performs the prescribed data processing. Next,
controller CPU3() moves to step SP175 and terminates the processing.

The television game system 1 as described above adopts a hal-duplex serial
communication system as its communication system between the television game
machine main unit 2 and peripheral devices and serially transmits transmission and
reception each with separate timing. In television game system 1, if a special controller
is connected to television game machine main unit 2, handshake mode is sclected, in
which data is transmitted and received one characier at a time and the content of the
dala is mutually confirmed. Bven if such a special controller is connecled,
high-reliability communication can be rcalized by selecting handshake mode.

In television game system 1 a standard controlicr is conncected 1o the television

game machine main unit 2, continuous (ransfer mode is sclected, in which two or more
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characters ol data arc continuously transmitted or received. It such a standard controller
is connected, then by selecting continuous transfer mode, the transfer rate can be raised,
and if the transfer direction is swilched as necessary, the overhead can be reduced and
the commuaication time can be shortened.

Morcover, in television game system 1, if a data storage means such as a
memory card is connceted to television game machine main unit 2,
handshake/continuous transfer mode, which combines handshake mode and continuous
transfer mode, is selected. If a data storage means is connected in this way, then il
handshake/continuous transfer mode is selected, then, as in the case where
communication is done all in handshake mode, the portion not needed for transterring
unnecded dummy data, and redundant data, can be reduced, and efficient
communication can be done. In doing so, redundant data is reduced by switching the
communication mode, even if connected 1o television game machine main unit 2 via a
signal line in the same way as in the case where a controller is connected.

The television game system 1 decides the content of data to be transmitted or
received by a command transmitted (rom television game machine main unit 2, and the
data to be communicated until said command is rescinded is taken as one packet. Thus
the television game system 1 can do mode switching between the handshake mode and
continuous transfer mode, and can switch the transfer direction of the continuous
transfer mode in packet units.

Since the television game machine main unit 2 can adjust the interval by which
data is to be transmitted, the communication time can be shortencd. By adjusting the
maximum receivable wailing time, it can be detected that a peripheral device has been
removed, and peripheral devices that cannot ensure the prescribed data transter
frequency can be detected.

With thie above-described configuration, by sctting a desired protocol that

combines the handshake mode and the continuous transfer modce in accordance with the
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periphcral devices connected to the television game machine main unil 2, the volume of
communication between thé television game machine main unit 2 and the peripheral
devices can be minimized Lo a greater extent than in the case in which transmission and
reception of data are done in the handshake mode, and thus the comnunication time can
be made significantly shorter than previously while maintaining communication
rchiability.

In the above-described embodiments, the discussion concerned the casc in which
the mode switching is done between handshake mode and continuous transter mode,
and the transfer direction of continuous transfer mode is switched in packet units, but
this invention is not limited 1o this; it also suffices to be able to do mode switching
between handshake mode and continuous transfer mode and switch the transfer
direction of continuous transfer mode within a packet.

Also, in the above-described embodiments, the discussion concerned the case in
which, when data is read [rom a memory card, the communication mode switching is
set to the handshake/continuous reception mode. However, the present invention is not
limited to such case. When data is stored on a memory card, it also suflices to set the
communication mode to the handshake/continuous transmission mode.

As stated above, with the present invention, by combining a communication
protocol in which one characier of data is transmitted and received at a time and a
communication protocol in which two characters of data or more are transmitled or
received continuously, and by switching the communication protocol to the
communication protocol which corresponds to the game machine operation device that
is connected, the volume of communication between the game device and the game
machine operation devices can be minimized to a greater extent than in the previous
case in which transmission and reception of data arc done only one character af a time,
and thus the communication time can be made significantly shorter than previously, and

data can be transmitted and reccived at high speed, while maintaining communication
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CLAIMS
What is claimed is:
1. A game device that employs a hall-duplex scrial conumnunication system as a

system ol communication with game machine operation devices connected via a serial
port, the game device comprising means for combining, bascd on identifiers of said
gamc machinc operation devices supplicd from said game machine operation devices, a
communication protocol which transmits and receives data for each single characier
with a communication protocol which transmits or receives data {or two or more
characters in a row; and means for swilching the communication protocol to a

communication protocol that corresponds to a connected game machine operation

device.
2. The game device as described in claim 1, wherein
said switching means
switches said communication protocols in packet units.
3. The game device as described in claim 1, wherein
said switching means
switches said communication protocols within a packet.
4. The game device as described in claim 1, and further comprising means for

adjusting a waiting time for receiving data transmitted from said game machine
operation devices.

S. The game device as described in claim 1, and further comprising means for
adjusting a time interval of the data to be transmitied to said game machine operation
devices.

6. A game machine operation device that employs a hali-duplex scrial
communication system as its system of communication with a game device o which it

is connected via a scrial port,
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the game machine opcration device having

an identifier which is unique to said game machine operation device, and
comprising means lor providing said identifier to said game device when said game
machine operation device is connected 1o said game device, to causc said game device
to combine a communication protocol which transmits and receives data for cach single
character with a communication protocol which transmits or reccives data for two or
more characters in a ron, and to switch the communication protocol to a
communication protocol which corresponds 1o said game machine operation device.
7. The game machine operation device as described in claim 6, comprising means
to cause said game device to switch said communication protocol in packet units.
8. The game machine operation device as described in claim 6, comprising means
1o cause said game device 10 swilch said communication protocol within a packet.
9. A game system in which a game device and game machine operation devices are
connected via a serial port and which cmploys a hall-duplex serial communication
systcm as a system of communication between said game device and game machine
operation devices,

the game system comprising means for combining based on identifiers of said
game machine operation devices supplied {rom said game machine operation devices, a
communication protocol which transmits and receives data for cach single character
with a communication protocol which transmits or receives data for two or more
characters in a row, and means for swilching the communication protocol to a
communication protocol that corresponds to said game machine operation device, and
wherein

each of said game machine operation devices has an identifier which is unique to
said game machine operation device, and comprises means for providing said identifier
to said game device when said game machine operation device is connected to said

game device.
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10. The game system as described in claim 9,

said switching meais of said game device switches said communication protacol
in packet units.
11.  The game system as described in claim Y, wherein said switching mcans of said
game device swilches said comnunication protocol within a packet.
12. The game system as described in claim 9, wherein said game device [urther
comprises means for adjusting a waiting time {or receiving data transmilted from said
game machine operation devices.
13.  The game device as described in claim 9, said game device comprises means for
adjusting a time interval of the data to be transmitted to said game machine operation
devices.
14. A game device two-way communication methad that employs a hali-duplex
serial communication sysiem as its system of communication with game machine
operation devices connccled via a serial port,

the (wo-way communication method comprising a step of combining, based on
identificrs of said game machinc operation devices supplicd from said game machine
operation devices, a communication protocol which transmits and receives data lor each
single character with a communication protocol which transmits or receives data for two
or more characlers in a row, and a siep of switching the communication protocol to a
communication protocol that corresponds to said game machine operation device.
15.  The game device two-way communication method as described in claim 14,
wherein said switching step switches said communication protocol in packet unils.
16.  The game device two-way communication method as described in claim 14,
wherein said switching step switches said communication protocol within a packet.
17. The gzlmc device two-way communication method as described in claim 14, and
lurther comprising a step ol adjusting a waiting time for receiving data transmiticd from

said gamce machine operation devices.



Cee e e oa
—_—

T

18.  The game device two-way communication method as described in claim 14, and
further comprising a step of adjusting a time interval of the data to be transmitted to said
game machinc operation devices.

19. The game system as described in claim 9, which is a television game system
wherein said game device is a television machine main unit and said game machinc
operation devices are game controllers which input commands 1o said television game

machine main unil.



