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GUI Environmental Controller Design with USB IF
(USB IFE ©]g3t GUI #7339 Ao)7] 7i'd)

Sun-Hag Hong(E€ M sl

ABSTRACT

In this paper, GUI environmental controller is implemented with USB(Universal serial bus)
IF(interface). Especially, the performance examination of ultrasound diagnostic device which
connects external USB port with front panel is automatically inspected by VC++ examination
program, The test program minimizes the operation of inspector with making the examined
result audible or visible, and maximizes the productivity of custom device, The GUI envi—
ronmental controller controls a standard keyboard, a track ball with dedicated buttons to emu-—
late a standard two—button mouse, switches, rotary encoders, an analog potentiometer group,

two alpha—numeric displays, and a touch screen; all of which generate events for the host.
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1, Introduction

The ultrasound diagnostic device, JUPI— Examination program with GUI environ—

TER, has the USB hub which is connected to
the A/N key compound device, track ball for
low speed, special function key for full
speed and touch panel, USB transfers will be
implemented using the USB bulk transfer
mode, which limits all packets to a maxi—

mum of 64 bytes,
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ment identifies the panel LED status with
light and back light of LEDs, test the status
of A/N keys and foot switches, examines the
encoder by rotating between clockwise and
count clockwise, displays the TGC bars in
the VC++ window programs, and sequentially
verifies the touch panel with dividing panel

cell range into arithmetic values,
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2. System configuration

The ultrasound system has a specified
purpose keyboard, and has 3 USB devices,
that is, USB Hub with A/N key, track ball
and special function I/O devices which are
switches, LEDs, encoders and variable re—

sisters as like [Fig, 1]

[Fig. 1] Front panel View
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[Fig. 2] Block diagram of system

Special key and others are Input/Output
devices like USB full speed devices, They
report switch status, volume position,
encoder pulses and direction to the host,
and they receive commands from host and
indicating LEDs and operating mode of keys
for example, repeat enable/disable key,
simulation key or single key assignments,
[Fig. 2]shows the block diagram of Ultra

sound diagnostic device,

2.1 Software structure for diagnostic device

The diagnostic device connects via a
single USB cable to the mother board. Host
software is Win2000, The device contains
switches, rotary encoders, and analog poten—
tiometer group, two alpha—numeric displays
and a touch screen @ all of which generate
events for the host, The panel—-initiated
events of diagnostic device are the switch
events which contain depress, repeat, and
release events, the encoder events which
contain change and rest events, the analog
potentiometer group which contains change
and sending events with unsigned value
scaled between 0 — 255, the touch screen
which will send the current absolute XY
location whenever a touch is detected, the
XY position changes, and when a touch is
released.

Above all events shall be queued in
temporal order and sent to the host via
USB, the host will accept the events and
process them sequentially buffering when
needed, When the host is sending commands
to the front panel of diagnostic device, it is
usually a burst of 20 or more. The button
depression paradigm should not add more

than five milliseconds delay no average.

2.2 USB device driver

The USB driver shall queue any writes to
the front panel to avoid waiting in app—
lication code for any USB latencies, The USB
driver shall initiate, execute, and release
without hanging the operating system. The
driver will . fully support the CreateFile,

ReadFile, WriteFile, and Cancello calls as
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documented by Microsoft, In addition, it will
provide two new calls to support the mana—
gement of the receive queue,

For the receiving side, on power up the
application will call CreateFile to get a receive
handle, It will then call panel-start—read—
monitor to initiate the receive queue to O.
When the application wishes to terminate the
read operation, it will call panel—stop—read—
monitor, them Cancello, and finally Close—
Handle, calling panel—stop—read—monitor prior
to calling panel—start—read—monitor will not be
considered an error, The receive queue is of
fixed size specified by two parameters defined
in the **ini file, readbuffer size, On the
transmit side, the first request to send data to
the device will initiate a call to CreateFile to
get a write handle, Again, this handle will
remain open throughout the life of the
application, After insuring a valid handle,
WriteFile will be called, and upon return the
application may immediately reuse, destroy, or
invalidate the contents of the input buffer
to the WriteFile call,

The driver will insure the data integrity
of the transfer without forcing the appli—
cation to wait for the completion of the data
transfer across the USB bus, There may be
as many as 2000 calls in the output queue,
so the transmit queue will not be statically
sized, This queue shall be managed in such
a manner as to avoid long—term fragmenta—
tion, Cancello has no meaning an transmit
side, but CloseHandle will terminate all pen—
ding transfers and return any memory to the
system, If an error occurs during the trans—
fer of a data packet, that data packet will
be retried three times, at which time it will

be thrown away and this error status set,

This error status will be returned by the
next call to WriteFile,

USB host control device confirms the sta—
tus of keyboard, and therefore the status
information is delivered to the USB root hub
driver, Root hub driver informs the addi—
tion of new device to the PnP manager, HID
keyboard driver requests the keyboard data
by Read IRP, [Fig 3] shows the flow of

infor— mation transfer procedure,
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{Fig. 3] Flow of information transter
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3. System requirements

3.1 Software requirements

For switch events, the time between the
declaration of the DepressEvent and the
RepeatEvent is programmable as an indivi—
dual value for each switch, For encoder
events, the time between the first detected
change and the first EncoderChangeEvent is
programmable as a single value for all
events, The time between the first Encoder—
Encoder—

ChangeEvent and  subsequent

ChangeEvents is individually programmable
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for each encoder. The time from the last
detected change in an encoder and when the
EncoderRestEvent is sent is individually pro—
grammable for each encoder, The time bet—
ween the first detected change and the re—
porting of the analog potentiometer group is
programmable, The touch screen initial delay
and repeat delay are programmable, The
blink rate is programmable, The overall
intensity of the indicators is programmable,
The overall intensity of the keyboard back—
lighting is programmable. The programmable
delays mentioned above shall be in integer
units of 5 millisecond times, [Fig. 4] shows
the data transfer mode between host and usb
controller. The pipe is the way of data

transfer between host and target.
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[Fig. 4] Data Transfer mode

3.2 Driver requirements

The USB driver shall be implemented such
that no USB transfers from the front panel
to the host are dropped. The generic driver
shall block whenever the front panel
attempts to send more imput than has been

handled by the application, It will be the
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responsibility of the application to remove
the inputs from the receiver in a timely
manner, The generic driver shall send com—
mands synchronously to the front panel. The
generic driver will support obtaining syn—
chronous read handles and write handles
with the Windows CreatFile call, The generic
driver needs to support three functional
calls, read, write, and cancel, It would be
preferable if these were implemented via

IoCntrl calls,

4, Experiments

Ultrasound diagnostic device, JUPITER, is
fully enable to examine the performance test,
and decide whether it is normal operation or
not, Test program of the device contain the
examination of input, output, and commu-—
nication units, Input examination verifies the
actions of key, freeze key, foot switch, enco—

der, brightness, TGC, touch screen,

[Fig. 5] VC++ test program
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Output examination verifies the actions of
light and back light functions, Communi—
cation examination verifies the specification

if USB1.1 under the local test condition, And

therefore, software programs give the ins—

pectors visible and audible test results, [Fig,

5] is the result of VC++ program,

5. Conclusions

In these works, USB interfacing is imple—
mented for wultrasound .diagnostic device
which examines the performance by VC++
program like as [Fig. 5] The GUI program of
USB IF is enable to control status of front
panel for diagnostic device, to read a num—
ber of operation mode for switch groups,
and to display the status of lights and back
lights, Through these works, GUI environ—
mental control designs are accomplished by
the USB IF and VC++ tools, Afterwards,
enhanced USB IF specification 2,0 is applied

to the diagnostic device system,
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