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1. Introduction

The Sun Nuclear model 1133 rf-1VD (or wireless IVD) is a system that measures the radiation output of a
radioactive substance such as a Co-60 source or a linear accelerator, during the treatment of a patient. The
system consists of 4 components: Display Module (user interface), Turtle (Communication Hub), Base Station (rf
transmitter and receiver), and Detector Pod (rf transmitter and receiver). The Base Station and Detector Pod are
identical and are interchangeable through system setup. The diode radiation detectors are connected to the
Detector Pod through coaxial BNC connectors.

The radiation therapist connects the radiation detectors (diodes) to the Detector Pod and then positions them on
the patient in order to measure the radiation from the accelerator. At this time, the patient is on the treatment
couch of the accelerator, already positioned for treatment. The detector pod is battery operated and is positioned
within 3 to 10 feet of the beam entrance to the patient. Also at this time, the beam is not on and the rf-IVD is not
making a dose measurement.

The therapist then leaves the treatment room that is shielded with approximately 3 feet of concrete and a heavy
interlocked door. The patient is restrained on the couch because the treatment plan requires position accuracy to
within millimeters, therefore no movement is allowed. Dose measurement is then remotely started on the rf-IVD
from the Display Module in the control room and the accelerator beam turned on. A treatment fraction generally
lasts for %2 minute or so. When the beam turns off, the rf-IVD is stopped and the dose value is displayed. The rf-
IVD display value is recorded or printed on an accessory printer. The therapist then enters the room and removes
the detector from the patient.

The recorded rf-IVD measurement is a QA test that verifies the dose output during treatment from the radiation
machine. The actual treatment plan is calculated in the Treatment Planning Computer (TPC — not part of the rf-
IVD) which uses dosimetry data acquired from a NIST traceable calibrated ion chamber and 3D water phantom.
The plan output should also include the "expected" dose at the point of the IVD detector placement. Then the
measured I1VD dose and the expected TPC dose can be compared for verification. If the expected dose is not
verified, the measured dose should not be used to adjust future treatments. Instead, an investigation should be
conducted as to why the error occurred. The IVD is calibrated at the institution using the NIST traceable calibrated
ion chamber as a standard, the same standard that is used to calibrate the accelerator and the TPC. Therefore,
the 1VD offers a closed loop QA test of the implementation of the plan.

SPECIFICATIONS

Diode Detector Inputs

Quantity: 3

Connector Type: BNC coax, 2 lug

Detector Temperature Compensation: Auto, within 0.1 °C (negative detector current only)
Calibration: User calibrated against ion chamber standard

Repeatability: + 0.2% or £ 0.1 cGy

Detector Requirements: n or p type diodes responding between 5 to 100 nC/Gy
Polarity: Bipolar, i.e., measures positive or negative detector current

Current Limit: + 40 nA average radiation current or 1.0 nC per radiation pulse
Leakage: Auto compensation

Warm-up Time: < 30 seconds

Environmental Temperature: 15 °C to 32 °C

Relative Humidity: 10% to 90% rh, non condensing

Component Definitions, size and weight

Detector Pod: Measure dose received by diode detectors, 3 diodes per pod; 7x12x3 cm, 340 gm
Base Station: Data relay between wireless Detector Pod and Turtle; 7x12x3 cm, 340 gm
Turtle: Hardwired communication hub (RS-232 or USB) between PC, Display, and Pod or Base Station;
7x12x3 cm, 340 gm
Display: User keypad and display module for start and display of dosimetry measurements; 14x16x3.5 cm, 780 gm
Printer: Seiko Thermal DPU-414, serial port to Display, 9x320 dots/line, 40 column=9 cm; 16x17x6.6 cm, 580 gm
Cable: Display unit to Turtle (communicator) via 8 pin modular connector/cable, 2.4 m.
Cable: Turtle to Base Station (located in treatment room) via 6 pin modular connector/cable, 25 m.
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Frequency: 916.5 MHz for USA and Canada, 868.35 MHz for European Union

Power

Detector Pod, Turtle: Rechargeable NiMH battery, 12 hour on full charge
Display: operating on 100-240 VAC, 47-63 Hz Mains
Turtle, Base Station:
a) Share Display Module's 15 VDC converter when Turtle's DC input jack is connected to 2" jack on Display
Module's front panel
b) Operates on internal rechargeable NiMH battery, 12 hour on full charge when Turtle's DC input jack is not
connected to 2" jack on Display Module's front panel
Electrical Isolation: Wireless — through radio frequency communication, Manchester encoded
Hardwired — through optical isolation in Turtle when Turtle's DC input jack is not connected

Display Module

Dose Range: 0 t0 99.999 Gy; 0 t0 9999.9 cGy; 0t0 9999.9 R
Display: LCD, 2 line, 16 character/line, 8 mm character height, adjustable backlight and contrast
Functions: Dose Measurement, Calibration of Dose and Temperature Coefficient, Password protection, self diagnostics
Measurement: 2 key stroke, select Energy key to start measuring, select Stop when finished.
Firmware: Field updateable
Keypad: 5 control keys — Function, Enter, Stop, Print, Increment
12 energy keys (also serve as numeric key entry)
End Panel:
J3: 8 pin modular data connector, to Turtle. (For optical isolation reasons, there is no power on this connector)
J4: 9 pin D Type connector, RS-232 port
S1: Reset switch
IN: Power input, +9 to +20 VDC, Barrel type connector
OUT: Power output to Turtle (in parallel with IN connector)

Detector Pod/Base Station

Functions:
a) As Detector Pod, measure detector current and transmit data to the Base station via rf communication
b) As Base Station, relay data and commands between Detector Pod and Display Module via wire
Firmware: Field updateable
End Panel 1:
A, B, C: Two lug BNC input connectors for diode detectors
DS1: Green LED - Battery Charge Status
DS2: Green LED — Operational Error Status
End Panel 2:
J5: 6 pin modular power/data connector ...
a) to Turtle when used as Base Station during rf transmission
b) to Turtle when hardwired as Detector Pod
c) to Base Station when used as Detector Pod (For Detector Pod Battery Charging Only)
DC +15V: Power input, +9 to +20 VVDC, Barrel type connector (For Battery Charging Only)
BAT 0-1: Battery Switch; 0=OFF, 1=ON, must be on in order to charge the battery
J6: 6 pin modular connector...
a) to Detector Pod when used as Base Station (For Detector Pod Battery Charging Only)
b) to 2" Detector Pod when daisy chaining when not communicating by rf
DS3: Green LED — Transmit Status
DS4: Green LED — Receive Status
The RF Transceiver Specification
Frequency: 916.5MHz Fixed frequency, +/- 0.2MHz.
Power: 94 dBuv/m.
Modulation: On/Off Keyed.
Baud rate: 4630 bits/sec.
Antenna: 50 Ohm, ¥4 wave, helical whip. Mounts via “Reverse SMA” connector.




Turtle

Functions: When powered from battery, provides optical isolation to hardwired Detector Pod; Provides communication status
and error diagnostics, serves as communication hub
Firmware: Field updateable
End Panel 1:
J1: 9 pin D Type connector, RS-232 port
J2: 8 pin modular data connector, to Display Module. (For optical isolation reasons, there is no power on this
connector)
End Panel 2:
J5: 6 pin modular power/data connector...(power is received from DC+15 jack when plugged in)
a) to Base Station during rf transmission
b) to Detector Pod when hardwired
TX: Green LED - Data Transmit
EN: Green LED - Enable Status
RX: Green LED - Data Receive
DS1: Green LED — On during 10 second Download wait (“Initializing, Please Wait" display message)
DS2: Green LED — On when running code during normal operation
DS3: Green LED — On when failure has occurred
DS4: Green LED — Not used in this revision
DC+15V: Power input, +9 to +20 VDC, Barrel type connector — power is then routed to J5
BAT 0-1: Battery Switch; 0=OFF, 1=ON, must be on in order to charge the battery

Description:

The rf-1VD has been designed for radio frequency communication between the Detector Pod (located in the treatment room)
and the Display (located in the control room) via an intermediate rf transmitter and receiver, called a Base Station (also
located in the treatment room). This removes the need for a cable to the treatment couch. The detectors are positioned on the
patient, with the small Detector Pod positioned on the couch, next to the patient and out of the beam. The measurement is
remotely controlled from the Display via rf transmissions.

The system can also be used without rf communication, with two possible configurations:

a) "permanently" connect the Detector Pod to the Turtle, eliminating the Base Station from the system, via a 6 pin modular
telephone connector and cable pulled through the conduit and receive data transmissions during treatment, or

b) "temporarily" connect the Pod and Turtle in order to get a Start measurement command from the Display, then relocate the
Pod to the treatment room and treat, and then reconnect the Pod and Turtle to transfer the measured data to the Display. Here,
the cable can be short. This is essentially the most economical wireless 1VD, but requires more effort to get the data.

The rf or cable communication configurations are transparent to the software in the rf-1VD devices.

The duty cycle of the radio frequency communication is 11.2% during standby (background measurement with once per
second handshake) and 12.5% during dosimetry measurement. If the unit is left on the entire day, the upper limit of rf
communication per hour is 430 seconds per hour.

If the Detector Pod is left on the charger while not in use, then the following will estimate rf communication time per hour.
Typical measurement time is % minute per treatment field, with typically 3 treatment fields per patient. VD is normally
performed only on the first treatment fraction, with a repeat on the second fraction if the 1VD measurement error exceeds
specified limits. Typically 30 to 40 patients are being treated at any given time period, a treatment lasting about 6 weeks. This
results in about one new patient per day, with an IVD measurement occurring on the first of 30 treatment fractions or ona
change in a treatment field. This results in about 2 or 3 patients per day with an IVD measurement. Therefore, the upper limit
of rf communication per day during measurement is nominally 0.5 min/field * 3 fields/patient * 3 patients/day = 3 minutes, or
22.5 seconds per hour.

The radio frequency communication is only performed in the treatment vault, which is a shielded room having solid high
density concrete walls and ceiling, typically 3 feet thick. The treatment vault must be well shielded to protect personnel from
very high energy x-rays (20 MV) and is built on the ground floor of the institution. These vaults do not transmit radio
frequency radiation.

Display Module Front Panel

For users of the Sun Nuclear model 1131 IVVD system, the model 1133 rf-1VD Display module is similar in appearance but
significantly different in operation to the 1131 1D Display module. However, the 1131 and 1133 Display Modules are NOT
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interchangeable. The chassis, keyboard, and display are essentially the same between both units, however the internal design
is completely different, the 1133 Display module has the ability to calibrate the system, removing the need of the PC.

Example Display, using a 2 line, 16 character display:

A=123.4 B=099.8
C=267.7 cGy

A=/1123|. |4 B =019/9]. |8
Cl=1216|7 /

Function Keys:

o
@)
<

OREADY OACTIVE OLOW BAT
INC PRINT STOP ENTER MENU
Energy Buttons:
1 2 3
4 5 6
7 8 9
€« 0 ->

(The numbers and symbols next to the energy keys are light gray.)

LCD Display

The LCD screen on the display module is a 32 (16x2) character back lit display. The LCD is used to display measurements as
well as abbreviated instructions to prompt the user during special modes. These instructions consist of primary and alternate
(alt) screens, the alt screens are hints for a reminder to the user. A full reading of these operating instructions will benefit then
user in the use of the LCD during special modes.

Available Keys and LEDs

12 Calibrated acquire/Numeric entry buttons-

These buttons are used for starting acquisition, and entering numbers. The energy button's LED is lit when it's button has
been calibrated. An energy button's LED blinks when it is the active button while acquiring, or when there is a displayed
measurement from a previous acquire.

Each energy button has a gray alternate number entry/arrow function associated with it

INC button-
The INC button is used to scroll through the displayed Calibration Factors.
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PRINT button-
The PRINT button is used to send data to the optional printer.

READY led-
The READY LED will be lit when there is a calibrated button and we are ready to acquire. Ready will go out when we are
actively acquiring.

STOP button-
The STOP button is used to stop an acquisition, enter spaces for numeric entry, and cancel any of the menu modes.

ACTIVE led-
When a calibrated button is pushed, the ACTIVE button will be lit, and the READY LED will go out.

ENTER button-
The ENTER button is used as a general purpose button for acknowledging that the user wants to accept this action.

MENU button-
The MENU button is used to increment through a list of menu items for selecting setup items.

LOW BAT led-

If base station, turtle, or pod battery is discharging and the running time is <30 minutes:
Turn ON the Display LO_BAT LED.

Display a Low Battery ALT message.

If base station, turtle, or pod battery is discharging and the running time is <O minutes:
Flash the Display LO_BAT LED.

NOTE: Minutes is defined, from the units Battery Data. (g_bat _ram_buf[0JCHARGE / 110 mA)

2. Display and Detector Pod Operation
A. Setup

Connect Display unit to power adapter

Connect Display unit to Turtle (communicator) via 8 pin modular connector/cable, 2.4 mand 2 conductor power cable.
Connect Turtle to Base Station (located in treatment room) via 6 pin modular connector/cable, 25 m.

Detector Pod is located in treatment room, turned on and connected to another power adapter to keep battery charged while
not in use.

B. Power On

Turtle gets power from Display unit after power is turned on or from the Turtle's internal batteries.
Base Station gets power from Display unit after power is turned on or base station's internal batteries.
Disconnect power adapter from Detector Pod.

C. Measurement Operation
1. General

ALT Screens
If screen does not change after 5 seconds because the user may be stuck on what to do, then toggle display between
Screen (5 sec time) and its Alt Screen (2 sec time) which appears just below the screen information. The Alt screen
shows hints on what to do.

Cursor Location and Movement
The left and right arrow keys on the keypad can be used to move the cursor without a numeric entry. If the cursor is
on the top line ina numeric entry location and the right cursor is pressed to the end of the numeric field, then the
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next press will advance to the first numeric location on the bottom line. Advancement will continue to the right until
the last numeric field location and then jump back up to the top left...

Numeric Entry
When the cursor is blinking on a screen location, a numeric entry is expected at that location. Numeric entries are
left justified. When the numeric key is pressed, the screen location updates with that entry and the cursor location
automatically advances to the next location. The STOP key will enter a blank.

Administrator PIN (personal identification number)
The administrator PIN is used to password protect certain menu items. The PIN number is setup in the "Pin Setup"
MENU item. Default for the "Pin Setup" screen will be 0. If the PIN is unknown, user may key in "911", at the "Pin
Setup" to get the stored PIN. After 911 is entered, then fill in the stored PIN and allow ENTER to continue. When
entering the PIN, display the value. Whether a Pin is required or not is noted next to the menu item description.

2. Starting the display:
When the DC power jack is connected to the AC/DC convertor, the display will power up and display the following message.

Screen2.C.2.1 | 'niit [t i tall i [z In g |,
Pll lelals|e| |wlali |t

a While this screen is displayed, the software can be downloaded to the display flash memory. It should stay up
for 10 seconds to allow the start of the download process. See "Updating the display software" section for more
information.

O Normal operation will not download because the Display already contains the program in flash memory.
Normal operation should leave power on at all times to avoid the delay.

3. Display the splash screen:
After the 10 second delay during Initialization, the following screen is displayed.

Screen2.C.3.1 S luln Niulc I e alr Clo|r p

R |F- ]I [VID

This screen should stay up for 2 seconds, during this time, look for the system components.

4. Finding the components: Turtle, Base Station and Measurement Pod

The system components must first establish communication. The display has a memory of how the system was last
configured and looks for the components according to that definition. The following screens guide the user in connecting the
system according that definition, which can be changed by two menu choices of 'Select System' which allows a previously
stored configuration to be selected, or 'Set System' which allows a new system to be defined. Since the Base Station and
Detector Pod are identical, they can be exchanged in function. They both have unique ID codes that the Display Module
reads. Therefore, there are two possible system configurations when the facility uses the rf-1VD ina wireless configuration.
If the facility has another Detector Pod, making a total of 3, then there are six possible system configurations.

Screen2.C.4.1 Fli Inldli |n g S yisit [e/m n

MIEIN|/U|: IN|e |w S|ly|s|t |lem

Q If there is no turtle found, display Alt 2.C.4.1(a).
O If MENU is pressed, limit menu selection to 'Select System' and 'Set System'.
a 'n'refers to the systemid code



Alt2.C.4.1(a) Tlulr It Il lel#]|1
Plolwlelr| [njojt | |OIN

O If there is no base found, and the current system number specifies a base station, display Alt 2.C.4.1(b).

Alt2.C.41(b) Blals|e |#|9 |9

Q If there is no Pod found, display Alt 2.C.4.1(c).
Q '99' refers to the id code of the module, a value between 02 and 15

Alt2.C4.1© Plold #1919
Plo|wle|r njo |t OIN

Q If there is a base/and or pod found, but the current system number specifies a different base station, display Alt
2.C.4.1(d).

Alt2.C.4.1(d) Blals|e|#1|9 9
Walnit | [Blajs|e|=]9]9

Q For example, if Base id 03 was found but system last used base id 04, then "Want Base=04" will be displayed.
Q If there is a base and/or pod found, but the current system number specifies a different Pod, display Alt
2.C.4.1(e).

Alt2.C.4.1(e) Blalslel#19]9 Plold #1919
W/ a |n |t #1919 #1919

O For example, if the system is defined as Base = module 1D#04 and Pod = module 1D #03, but module ID#03 is
connected as a Base and module ID#04 is connected as a Detector Pod, then the display would indicated line 1
as "Base#03 Pod#04" and line 2 as "Want #04  #03", with the columns aligned as in 2.C.4.1(e)

O Line up the columns for the numbers under each other. If no base is found, leave that item off the screen but
leave the pod item as shown at the end.

O When powering up for the first time, remove the bottom line of Alt 2.C.4.1(e) since there is no defined system.
After there is at least 1 system setup, then look for the last system used.

Q Ifall the hardware for this system is found, go on to the Background collection screen.

O Continue going through all the ID's until the correct id's for the current system are found. The user can now
make the proper connections to the modules and the Display will eventually identify them. The modules may be
power cycled during this procedure.

O Onfirst contact with a Detector Pod, the Display will download the calibrated Inputs flag to tell if any inputs
are calibrated for a particular button for this Pod.

a If alegitimate hardware system is found, but does not agree with the last system setting, push the MENU key
for limited menus of 2.D.1 and 2.D.13.

1. "System Select" to select a different system.
2. "System Setup" to save this system with a system number.




5. Background collection screen:

Screen 2.C.5.1 Mlelalslulr |li In g
BIAIC/K|IGIR|IOJU|N|D 310
Alt2.C.5.1(a): Pll lelals |e wia |l |t
2|5

O If communication with the pod is lost for 5 seconds, while doing background , replace Alt 2.C.5.1(a) with Alt
2.C.5.1(b) and Alt 2.C.5.1(c). IfENTER is pushed, this will take you back to Screen 2.C.4.1.

Q Thisis the initial background collection screen before data acquisition. Once an acquisition has been completed,
the Main screen will be displayed while background collection is done.

Q The background will be collected for 30 seconds at once per second. See the Calculations, Background section
for the background collection procedure. After 30 seconds of background is collected, go to the Dose collection
screen/Main screen.

O Measurement with energy key is allowed during this 30 second period.

Alt2.C.5.1(b) Sly|s |t e m|1l L |o|s |t

Clomimiu/nli |clalt |i |o|n

Alt2.C.5.1(c) EINTIEIR t lo rjelsi|t |alr |t

6. Dose collection screen or Main Screen:

Screen 2.C.6.1 and Alt 2.C.6.1(a) are displayed only before the first acquisition is done.

Screen2.C.6.1 EINEIRIGIY KIE|Y t |0
Sit |ajr |t mie|a|s|ujr i |n|g

O With this message displayed, the system is ready to make a measurement. The energy keys that have calibration
values for connected detectors will have there corresponding LEDs lighted.

Alt2.Co.16) MIE|N[U| |f |olr mlo |r |e
olplt|i lo|n]|s

Screen 2.C.6.2 is displayed after the first and subsequent acquisitions are done.

Screen 2.C.6.2 A=19]. 19 Bi=19]|. |9
C=19]. 19 c |Gy p
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O The displayed dose is the typical screen that will be seen when the 1D is idle after a dose has been measured.
The value will stayed on the screen until the next measurement. The lower case 'p' on the lower right portion of
the screen is displayed while in the physics mode. The physics mode allows the use of the Detector Module
while it is plugged into the line supply. It is pass word protected, i.e., a personal identification number must be
entered in order to enter physics mode. Units are selected ina menu item, discussed later.

Alt2.C.6.2(a :
@ Mle|s|ulrli Inlg|,| |pll lela]s|e
wia |l |t
O If communication is lost during acquisition, display Alt 2.C.6.2(a).
Q The READY LED will be lit when there is a calibrated button.
O Whena calibrated Energy button is pushed, the ACTIVE button will be lit, and the READY LED will go out.
a Units will be selected by the user in the menu item "Dose Units". They include cGy (centi Grays), Gy (Grays),
and Rad (Rads).
O Dose display will be in the following format:
1. cGy and Rads format A=0.0 Left justified. range 9999.9 to -999.9
2. Gy format A=0.0 Left justified. range 99.999 to -9.999
QO Whenan un-calibrated button is pushed, then display nominal charge in nC (nano Coulomb).
a A'p will be displayed in the lower right corner of the Dose collection screen if we are in physics mode.
O When not acquiring, background is being collected
a A '~"will be displayed inthe ' =" sign position to let the user know when a bad background was collected. i.e.

accelerator was on, or excessive leakage. See the Calculations, Background section for the background
collection procedure.

Battery Status
If base station, turtle, or pod battery is discharging and the running time is <30 minutes display the Low Battery
screen Alt 2.C.6.2(b) .

Alt2C620) L O/W |Bla elr |y Mli [n
T19/919 PI19191|9 BI9/9|9

0 Unit Name P= Pod, B= Base station, T= Turtle
0 Display minutes-30 of running time left.
O Minutes= (CHARGE / 110 mA). Note: The calculation "minutes-30" gives a 30 minute safety net.

~t+
—t+

Safe Power — Charging Battery
If the pod is connected to the dc jack or the battery is not discharging, (the measurement pod has power), display
the Disconnect power plug screen Alt 2.C.6.2(c). Don't allow data collection unless in physics mode.

Alt2.C6.2(c) Chialr|gli In|g| |Blat |t |e]|r |y
Do N o |t Mie|la|s |ulr |e

Beam on Reminder
If beam is on when the STOP key is pushed, display the "Beam is On" Screen, Alt 2.C.6.2(d) with Screen 2.C.6.2

Alt2.C.6.2(d) B E A M | S O N S T O P
o\r EINTIER t o Clo |n|t

O Pushthe STOP key to stop acquisition, display final dose, and return to collecting background.
O Pushthe ENTER key to continue the measurement.
Q If the beamis onwhenan Energy key is pressed and active, do nothing.
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O If the beamis onwhen an Energy key is pressed while the Ready LED is lit, the background condition will
handle this by replacing ‘=" with '~'. Continue measurement.

7. Wireless measurements and Hard-wired measurements

There are two possible configurations for measurements, with and without a Base Station. The Base station is
required for rf communication between the Display module and Detector Pod. However, since the Detector Pod is
battery operated, it is possible to connect it directly to the Turtle which can also be battery operated for safe
operation. The measurement sequence is shown below in figure 1. Once done with the measurement, the background
sequence is started again.

D. Menu Operation

The menu is accessible from the Main menu when acquisition is not going on. Each menu item has a normal screen.
The Alternate screen is shown below Alt 2.D.1 is used with all top level menu selections.

Alt2D1 Pir lels|s| |[MEIN[U |f |o]r
nie|x |t | [t [e/m

Q Atanytime while going through the menu, the STOP key can be used to leave the menu and return to the Main
screen.

1. Select System

Screen
S

>D11 yisi|t lelm Sel|l lelc|t

Pir le|s|s EINTEIR

This menu item is used to select which system configuration is active. Administrator pin is not needed.

Screen

2012 Uls |e N|u /mbe]r |s t o
Chla|n|g|e Sly|s|t |[em=]|1]|0

Alt _

2.D.1.2(a) ENT|E|R|= Clon|f |i [r|m
SITIOP| |=] |Albjo]r |t

Q There canbe from1 - 10 configurations

O Use the number keys to enter a configuration number.

O Asystemconfiguration is defined as a Turtle with ID 1, a measurement pod with a unique id from 2 to 15.

If a wireless setup is being used, thena Base station with a unique id from 2 to 15 is also used. The system
configuration is used to ensure that all the correct pieces are connected, and those pieces are in
communication.

O Pushing the ENTER key selects that system ID entered in 2.D.1.2, leaves the menu item, and goes back to
the Main screen

Q Pushing the STOP key leaves this menu item, and goes back to the Main screen.

O A Systemis defined in the menu item "System Setup”.
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2. Check Battery

Screen
2.D.21 B

alt |t ejr|y Clhle|c |k
Pir le|s|s EIN|T|E|R

This menu item is used to check the battery Minutes left and the state of the battery. Administrator pin is not

needed.

Alt :

2.0.2.1(a) Mii [njult |e|s T/19199/chig
BI9/991t|r |c P1919/9|d|c|h

O NOTE: Minutes is defined, from the units Battery Data.

O Unit Name P=Pod, B= Base station, T= Turtle

Q Display minutes-30 of running time left.

O Status = chg= Charging, trc= Trickle charging, dch= Discharging, off= Switch is OFF. Above display

gives examples of the status left of each minute value. There are 4 possibilities in each battery display.

3. Display Adjust

DAl Dli [s|p|l laly| |Ald]|j |uls |t
Pir le|s|s EINTIE|R

This menu item is used to adjust the brightness and contrast of the screen. Administrator pin is not needed.

Do Ulsle] [AIRIRIOIWIS] [t o

S e |t bir|i |[g/hjt | njle|s|s
2D32() Pirlels|s| |[EINITIEIR| |t]o
cloln|t|i Injule

O Pushing the ENTER key continues to the adjust contrast screen.

Screen

D32 Uls |e AIRIRIOIWS t |0
S |e|t biriji [g/hjt [nje|s]|s

2D32() Plrle|s|s| [EINITIEIR| |t |o
clonft i [njule
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O Pushing the ENTER key leaves this menu item, and goes back to the Main screen.
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4. Set Time/Date

Screen
T

2 DAL | m|e ani|d Dial|t |e

Pir le|s|s EINTIE|R

This menu item is used to set the display's internal clock. Administrator pin is not needed.

D42 HIHIMIM[sIs] [1]6]: [3]9

=

o |

DMMY|Y| 0|9/ ]0]5]/ |0

D
2D32() Plrlels|s| |[EINITIEIR| |t |o
clonit i |nlule

O The number and arrow keys are used to enter the date and time in the appropriate format.
O Whenever adigit is changed, the change is written to the internal clock.
O Pushing the ENTER key selects that unit, leaves the menu item, and goes back to the Main screen

5. View software version

Screen Slolf |t lwlalr le| [V]elr|sli |o]|n

Pir le|s|s EINTIE|R

This menu item is used to display the software version of all the units. Administrator pin is not needed.

Do DI=[9]9]9]9 T[=To ]9 99
B|=(9/9|9|9 P=(9/9/9]|9

D52 Pirlels|s| |[EIN|ITIE|IR| |t |o
clolnit |l In|ule

Q Versions listed include:
D = Display software version
T = Turtle Version software
B = Base station software version
P = Measurement Pod software Version
O Pushing the ENTER key leaves this menu itemand goes back to the Main screen.

6. Dose Calibration

This menu item is used to complete dose calibration on a per button basis. Administrator pin is needed.

2561 Do/s|e| |Cla|l

O
—

alt |l |lo|n

w

Pir le|s|s EINITE|IR
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1. Press the ENTER key to display Screen 2.D.6.1.2.

gctr)egnlz Kle ly | [N pli |n
t lhle|n EINIT|E|R
2D6.1.22) EINITIEIR| |clo|nl|t niulels

2. After keying in the 4 digit PIN number, press the ENTER key. Screen 2.D.6.2.1will then appear.

e Klely| li In| M|V r Mle [V
X|r |laly E |l clt |r |o]|n

PD.621(a) <5 Imlolviels| |clulr|s|olr
EINT| EIR c |0o|n|t niujie|ls

Q Fill inthe beam energy with the last one used during calibration. If a numeric entry starts in the other field,
clear the old field. Only one field may containa numeric entry.

3. After entering the beam energy, press the ENTER key. Screen 2.D.6.3.1 will then appear. This screen is used
to enter the serial numbers of the detectors connected to the A, B, C connectors.. If the user wants to edit a serial
number after entry, this can be done by moving the cursor to the required location and then keying in the
appropriate numeric value..

Example If a number such as 1376027 is to be replaced with a number 3487, then start at the left cursor position
andenter0003487.

Screen
2.D0.6.3.1 A B
C

Alt

2.D.6.3.1(a) —| > MmO VvV e |S cuir |s|oir
EINTIEIR| |clon]t |i |[njule]|s
O Calibration will be performed (i.e., counts integrated and CF calculated) on those channels which have a

serial number other than 0 designated in this screen.

Serial numbers will be from 1 to 9999999.

Disallow serial numbers separated by spaces; i.e. ' 123 45",

If no SN is entered, save' "as 0.

Disallow same serial numbers on multiple channels.

As with all numeric entries, serial numbers are left justified

If all the serial numbers remain blank or are set to blank by entering a 0, then a charge calibration will be

performed on this energy key. With this assignment, current or charge can be displayed. In screen

2.D.6.6.1, the unit displayed will be nC. If a value of zero is entered for nC, then the default calibration

value will be stored. (Default CF = 0.0025, if 2.5 pC/Cnt)

O If intermediate blanks occur in a serial number or if two channels have the same serial number when
ENTER is pressed, display Alt 2.D.6.3.1(b) and continue in display 2.D.6.3.1.

Q The s/ncan be cleared entering 0 for all digits.

o000 o0o
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Alt |
2.D.6.3.1(b)

4. After the serial numbers are entered, screen 2.D.6.4.1 appears. This screen instructs the user to press the
energy key which is to be calibrated.

e L Pirlels|s| |lelnjelrlgly| |klely
t lo| |s|t|a]|r |t

P D641(a) Slell |elc|t klely!| |f |o]r
CIAIL|I I BIRIA|IT|I |[OIN

5. After the energy key has been selected, its corresponding LED turns on and the COUNTING LED turns on.
Screen 2.D.6.5.1 will now appear. The measurement pod is now integrating counts and is not in the sleep mode.

S
20651 A |+ B |+

Cl+ clojujnit |s
PD651(a) Tlulr [n| |blela/m| |o]n

When the beam turns on, do not show the Alt screen. If communication is lost after beam turns on, display the
Alt 2.D.6.5.1(b) message:

Alt ;
2.0.65.1(b) Mie|la|s |uir I |n|g],
pll lela|s |e wia |l |t

O The displayed counts are background compensated just as in a typical dose measurement.

O Both negative and positive numbers can be displayed. See equation for calculation in Analysis section of
the specification.

O Asinthe numeric entry displays, the count displays are left justified to stay close to the channel ID.
Maximum number displayed is +999,999 counts, equivalent to about 6000 cGy.

Q Ifinthe Physics mode the 4" channel counts will replace the word "counts".

a A lower case channel letter will be used to let the user know when a bad background was collected. i.e.
accelerator was on, or excessive leakage.

When the beam turns off, and STOP is pressed show the Alt screen 2.D.6.5.1(c) to allow for reading the
measured counts. When ENTER is pressed, go to Screen 2.D.6.6.1.

Qg.6.5.1(c) EINITER t |0
cloln|t|i Injule

6.The measurement pod will automatically detect when the beam turns off and will make a temperature
measurement. User must press STOP in order to terminate the measurement. The Stop command will be sent to
the Pod as well as a temperature request. If the Pod detected a "beam off", then the temperature is available to
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send to the display. Otherwise, if the radiation intensity was too low to detect a beam on and off condition, then
the Stop will command a temperature measurement.

Note: Do not make another temperature measurement if the beam off was detected because we want the
temperature measurement to be reasonably close to the termination of the beam which closely represents the
actual temperature of the diode during the measurement. After Stop is pressed, proceed to screen 2.D.6.6.1.

Screen
K

2.D.656.1 ey I |n d|o e

S
0/00|0]. 1010 c Gy

P D.6.6.1(a) o5l Imlolvels ulr |slolr

EINIT|E|R cloinjt |i [njule]|s

Q Zero fill the dose before displaying. The user can then cursor to the location for editing the number. Typical
entries will be in hundreds of cGy, ex 100.0 cGy

O The units defined in the "Dose Unit" MENU item appear in screen 2.D.6.6.1, the example given is cGy.
The units can be changed to either cGy, Gy, or Rad in the "Dose Unit" MENU item. If the units are
changed after calibration, the display will compensate with the decimal shiftin Gy. (1 Rad =1 cGy, 1 Gy =
100 cGy)

@)

7. After the dose value has been keyed inand ENTER pressed, screen 2.D.6.7.1 will appear, displaying the
calculated calibration factors.

Der1 Al Iclf [=]- o
Sinl=|9/99 9

9 9

e |V

. 1919
91919

S D671(a) | IN|C|=ISlc|r o]l ]I
=|S|la|v |e ST O|IP|=

O Pressing ENTER will save the calibration factors to the measurement pod, leave the calibration menu item,
and go back to the Main screen.

Q Pressing STOP will leave the calibration menu item, and go back to the Main screen without saving the
calibration factors.

O Pressing INC will scroll, in a continuous loop, through the factors.

O The Calibration Factors will always be less than 1. Always display the sign and leading 0 left of the
decimal and 7 digits right of the decimal. eg. -0.0013136.

Q The equation for calculating the Calibration Factors is given in the analysis section. Note that the CF can be
positive or negative, depending upon the sign of the measured current.

O Pressing PRINT will print a report for this calibration. See the Printouts, Calibration Data section for
printout details.

o|H| |=|o©

>|m| oo
o|=z| [©|o

E
r

—t+
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7. Review and print calibration

Sereen Vi]i le|lw| |Clall |i [blr |alt |i |o]|n
Pir le|s|s EINTIE|R

This menu item is used to display and print the calibration factors for the selected button. Administrator pin is
needed.

Screen
2.D.7.2 E

njeilr |gly K lely t o
slel|l |e|c|t Cla|l

This screen is used to view the calibration information for the selected button

Screen

2D.73 A [Cif [ =]-10].19/19/9/9 999
SIN=1999(9/9/9)9 919 M

Alt

2.0.7.3(a) | IN|IC|=|S|c|r o]l |l EINIT |E|R
=|Mjo|r |e SITIOP=|Albjo]r |t

Alt

2.0.7.1(b) T|o Dle|l |[e|t |e B/U|T|T|O|N
Pluils h blo|t [h Alr ir lo|w|s

O Press the INC key to scroll through the inputs in a continuous circle.

O Pressthe ENTER key to go back to Screen 2.D.7.2 and select another button to review.

O To Clear the Button's calibration factors, press both Arrow keys Alt 2.D.7.2(b).

O Pressing PRINT will print a report for this calibration. See the Printouts, Calibration Data section for

printout details.
O Blink the LED for the energy button being reviewed.

Verify that the user wants to clear the calibration factor, that is being reviewed.

S Diell lelt le| [Clall |?
EINTIEIRI=|Y| [S|IT|O/P|=|N

O Ifthe ENTER key is pressed, turn OFF the LED for the button being reviewed, clear the calibration, and
save default values to POD button information.
O Pressthe STOP key to go back to Screen 2.D.7.2 and select another button to review.

8. Temperature Coefficient Calibration

Screen
T

2.D.8.1 e m p er

Pir le|s|s

m|o
p
_|
M
2| D
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This menu item is used to perform temperature calibration for a detector and input combination. Administrator
pinis needed.

1. Press ENTER key to display Screen 2.D.8.1.1

g.(:;se.r]l.l Kle |y I N P n
t |hle|n EINIT|E|R

Alt2.2 5 mlolviels| Iclulr [s|olr

EINIT|E|R clolnjt |i [njule]|s

2. After entering the password pin #, press the ENTER key. Screen 2.D.8.2.1 will then appear. This screen is
used to enter the serial numbers of the detectors which will have their temperature coefficient measured.

O The combination of a detector serial number and a connector (A,B,C) must match at least one of the
combinations in the Energy Key calibration table.

O The detectors do not need to be the same energy

O The detectors do not need to co-exist on the same Energy Key

O All detectors can be tested for temperature coefficient in the same beam, as long as the dose per pulse (or
instantaneous dose rate) is nominally within one order of magnitude of their intended beam use.

Q There are no default s/n’s displayed, the user must key in the numbers.

O If the user wants to change a serial number, this can be done by moving the cursor to the required location
and then keying in the appropriate numeric value.

Example: Let the following table represent a calibration of the Energy keys, with the detector serial numbers
located in the connector columns A, B, C.

Energy Key Calibration A B C
1 6 MV, 100 cm SSD 126 - -
2 18 MV, 100 cm SSD - 188 -
3 Electron, 100 cm SSD - - 231
4 6MV, wedge, 100 cm SSD 126 - -
5 6MV TBI, 300 cm SSD 126 127 128
6 Electron, Whole Body, 400 cm SSD 223 229 231
7 Electron Cutout, 100 cm SSD 231
8
9
10
11
12

The first selection of serial numbers for temperature coefficient testing will be: 126, 188, 231.

A=126, B=188, C=231, and the Energy Key assignments will be 1, 2, 3, 4, and 7. Note that s/n 126 occurs on
keys 1 and 4 (and no others in this group), s/n 188 occurs on key 2 (and no others...), and 231 occurs on keys 3
and 7 (and no others...). This group of energy keys all have the same nominal dose rate. Therefore, the
temperature coefficient (tc), for a given detector, will be about the same in any of the five radiation fields
associated with these keys. The tc will not necessarily be equal among detectors.

The second selection of serial numbers for tc testing will be: 126, 127, 128.
A=126, B=127, C=128, and the Energy Key assignments will be 5 only. Here, the dose rate for Detector 126 at
300 cm is significantly different than in Energy Key one, so its tc may be different.

Likewise, the third selection of serial numbers for tc testing will be: 223, 229, 231.
A=223, B=229, C=231, and the Energy Key assignments will be 6 only
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In most clinical applications, we will only need to perform one tc test because most facilities perform IVD at or

near isocenter (SSD 100 cm) on any of their beams.

S
2.C£rf§.nz.1 A B
C s|/ Inl"|s
D821 <5 Imlolviels| Iclulr|s|olr
ENTER cloln|t|i In|ule|s

3. After the serial numbers are entered, screen 2.D.8.3.1 appears. This screen instructs the user to press the

energy keys for which the temperature coefficients will be measured and then assigned to.

A Slel|l |elc |t Einleir |gly
Klely|s |, t [h|e|n EIN|TE

?II;.B.&l(a) Als |s |i g|n|S t mp cl|o|e
t |0 klely]|s

4. After the ENTER key has been selected, the corresponding Energy Keys’ LED turn on and the COUNTING
LED turns on. Screen 2.D.8.4.1 will now appear. The measurement pod is now making temperature
measurements once a second, updating counters, and is not in the sleep mode. The display requests a
temperature on every update and displays the value in alternate screen Alt 2.D.8.4.1(a).

Screen

2D.84.1 S|t dle|t |le|c|t |Oo|r |S 0
wlalr m |bjuli |l |[d|ulp

D841 Al=(9/9]. |9 B=9(9]. (9
Cl=1919 9 dle|q Clell

5. When any of the detectors’ temperature increases 1.0 degree C above the first value measured in step 4, reset

the counters and display the message in Screen 2.D.8.5.1.

S .
S o8s 1 Diell |i |vl]elr 11010 M| U
Dlo|s |e
Al .
2.[t).8.5.1(a) Mie la|s |ujr |l |n|g|,
pll lela|s |e wla |l |t

Stop making temperature measurements. When "beam on" is detected, accumulate the counts from the pod in
the same manner as a dosimetry measurement. When beam off occurs, make a temperature measurement. Save
this temperature measurement as T ; and the total count measurement as C ;.

6. Display Screen 2.D.8.6.1. Make a background measurement for 15 seconds. Save as B ;. Start making
temperature measurements once a second again.
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A All |l lolw| |[Tle|mlp| |D|r|i |f
Pl lela|s |e Wall |t

Qg.8.6.1(a) Al=1919 9 BI=/9/9]. |9
Cl=1919 9 dle|g Cle |l

7. After all of the detectors’

temperature increases at least 2.0 degree C above T 1 measured in Screen 2.D.8.5.1,
reset the counters and display the message in Screen 2.D.8.7.1. Stop making temperature measurements.

S ]
DT Diell |i |vi|e]r 100 (MU
Dlo|s |e
Al ]
2.I;.8.7.1(a) Miela|s |ujr I |n|g],
pll lela|s |e wla |l |t

When "beam on" is detected, accumulate the counts from the pod in the same manner as a dosimetry
measurement. When beam off occurs, make a temperature measurement. Save this temperature measurement as
T ; and the total count measurement as C .

8. Display Screen 2.D.8.8.1. Make a background measurement for 15 seconds. Save as B ,. Start making
temperature measurements once again.

While making temperature measurements, calculate the temperature coefficient "tc” on all the measured

detectors:
(tcbt ) — (CZ - BZ )cnr B (Cl - Bl cnr
n,cnr
2 (Cl - Bl)cnr I:(TZ _TCAL )btn,cnr - (CZ - BZ )cnr [(Tl _TCAL )btn,cnr

where Tcar is the temperature stored in the selected button file for the corresponding detector s/n.

Note: (tchincnr)2 Must be calculated for each selected button file because TcaL can be different for each button.

D881 All |I lolw| |Tle|lmlp| |DIr|i |f
Pll lela|s |e Wia |i [t

?B&S.l(a) Al=1919 9 BI=19/9]. |9
Cl=19]9 9 dle|g Cle |l

There is now a temperature coefficient which can be either saved or re-measured. At this point in the procedure,
the user should be given the choice save and exit (ENTER), or not save and exit (STOP). Display alternate
screen 2.D.8.8.1(b) while temperature drift occurs. Note that display sequence is: 8.1, 8.1(a), 8.1, 8.1(b), 8.1,
8.1(a), 8.1, 8.1(b), etc.

Screen
E

2.D.8.8.1(b)

N

E

R (=

Vv

e

&

E

S

T

T
O

P

S
A

a
b

0

r

t

&

X
E
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9. After all of the detectors’ temperature increases at least 2.0 degree C above T, measured in Screen 2.D.8.7.1,

reset the counters and display the message in Screen 2.D.8.9.1. Stop making temperature measurements.

S Dlell |i |vl]elr 1/0/0] MU
D|io|s |e 3
Al .
2.Lt).8.9.1(a) Mie la|s |ujr |I |n|g|,
pll lela|s |e wlal|i |t

When "beam on" is detected, accumulate the counts from the pod in the same manner as a dosimetry
measurement. When beam off occurs, make a temperature measurement. Save this temperature measurement as
T3 and the total count measurement as Cs.

10. Display Screen 2.D.8.10.1. Make a background measurement for 15 seconds.

Screen

2.D.8.10.1 Me|a|s|ur |i [n|g

BIAIC|K O/UIN|D

Alt
2.D.8.10.1(a) Pl lela]s |e

Save as Ba.
Calculate the temperature coefficient "tc" on all the measured detectors:

(tcbt ) = (C3 - B; )cnr B (Cl B )cnr
e (Cl - B1)cnr EQTB ~Tea )btn,cnr B (CS - BS)cnr E(Tl ~Tea )btn,cnr

where Tcal is the temperature stored in the selected button file for the corresponding detector s/n.

11. If tc, — tcs is within £ 0.0005, screen 2.D.8.11.1will appear, displaying the calculated temperature
calibration factors. Otherwise repeat steps 8 thru 10

This screen is used to view the temperature calibration information

Screen

2.0.8.11.1 A c | =]-10 9/19/9/9/9/9 |9
B c | =]-10 919191919199

Alt

2.D.8.11.2(a) | INIC|=[S|c|r o]l |l EINTE|IR
=|Sla|v |e SITIOP|=|A[bjo]r |t

O Press the INC key to scroll through the inputs in a continuous circle.

O If more than one button file for a S/N, display the last button tc calculation.

O Pressing ENTER will save the temperature calibration factors to the measurement pod and exit the

calibration function.

O Pressing STOP will exit the calibration function without saving the calibration factors.

Q The default tc in the calibration file is 0.0. If STOP is pressed, do not change the value in the calibration
file, i.e. If a prior tc was measured and saved, leave it.
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9. Select Dose Units

S Dlo|s|e| [Unli |t
Pir le|s|s EINTIE|R

This menu item is used to select the dose units that are displayed and printed. Administrator pin is needed.

e ARIRIOWS| |t |lo] [s]e]l |elclt
dlo|s |e uinii |t c |G|y

QBQ.Z(a) EINIT E|R|= Ciolni|f |I [r m
S|ITOP = Alblo|r |t

O Use the arrow keys to cycle through the list of units. The units are cGy, Gy, Rads.
O Pushing the ENTER key selects that unit, leaves the menu item, and goes back to the Main screen.
Q Pushing the STOP key leaves this menu item, and goes back to the Main screen.

10. Set device ID

S, Dielvl]i [cle| [I |D|] |Eld]i |t
Pir le|s|s EINTIE|R

This menu item is used to change the Identification cod (ID) of a pod. Administrator pin is needed.

Screen

20102 U|s |e ARIRIOWS| |o]r #
t |o cl/hjaln|g|e | [D]: 919

Alt _

2.0.10.2(2) EINIT |E|R|= Clon|f |i |[r | m
SITIOP| =] |Albjo]|r |t

O Use the arrow keys to increment or decrement the ID number.

Q Also allow the use of the number keys to enter the ID.

Q The IDis a number from 02-15.

O Pushing the ENTER key selects that ID, leaves the menu item, and goes back to the Main screen.

O Pushing the STOP key leaves this menu item, and goes back to the Main screen.

O The ID thatis displayed will be the current ID.

a The ID will only get set on a pod that is hard wired by itself. There will be no base station to go through,

and no wireless pod IDs set.
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11. Toggle Physics mode on and off

e Phlylsli|c|s| [Mlold]e
Pir le|s|s EINTIE|R

This menu item is used to set the unit into Physics mode. Physics mode is used to override the checks for the
measurement pod being connected to line power. This is used if the battery is low and the pod can be plugged
in, but won't be used on patients. Example: Calibration, or after hours checks. Administrator pin is needed.

D112 EINTIEIR|=] [Mlold]e]| |O|N
S TIOP = M|o |d |e O|F |F

O Pushing the ENTER key turns ON physics mode, saves the selection, leaves the menu item, and goes back
to the Main screen.

O Pushing the STOP key turns OFF physics mode, saves the selection, leaves the menu item, and goes back
to the Main screen.

O Auto exit Physics mode after either power cycle or 1 hour of inactivity. Inactivity is defined as not actively
acquiring and no key press.

O When physics mode is active, puta 'p' inthe lower right hand corner of the dose display.

12. Enter or Change Pin

D121 PlI [N] |slelt lulp
Pir le|s|s EINITIEIR

This menu item is used to setup a PIN (Personal Identification Number). Administrator pin is needed.

Screen

20122 Uls |e Niu mbleir |s t o
Clhlaln|g e Pl INI=19/9/9 19

Alt _

2.0.12.2(2) EINIT |E|R|= Clon|f |i |[r m
SITIOP| |=|] |Albjo]r |t

Q Use the number keys to enter a 4 digit PIN.

Q The uninitialized value is all 0's and is invalid for a PIN.

O All 4digits must be used.

O Pushing the ENTER key goes to screen 2.D.11.3 for confirmation.

O Pushing the STOP key leaves this menu item, and goes back to the Main screen.

O If no PIN exists, then "0000" can be entered.

O Getpassword is "0911" entered at the screen to enter "PIN Setup"

This menu item is used to confirm the entered pin.

Z

R Cloln|fli [rml [P
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O Use the number keys to enter the 4 digit PIN again.

O Whenthe last digit is entered, and the 4 digits match the first entry do the following:
1. Leave the menuitem.
2. Return to the Main screen.

O Whenthe last digit is entered, and there is no match, go back to Screen 2.D.12.2

O Pushing the STOP key leaves this menu item, and goes back to the Main screen.

13. System Setup

D181 Slyls|t lelm| |Slelt lulp
Plr le|s |s EN|TE|R

This menu item is used to associate the present configuration with a configuration number to identify it. The
configuration is used to ensure that all the correct pieces are connected and communicating.

D152 T#/9/9| IB#/9/9] |[P|#]9]|9
Slalv e Sly|/s|t |le/m| |a

w
(@)

Qllit).ls.z(a) EINIT ER|= Ciolni|f |i [r m
SITIOP = Alblo|r |t

O There canbe from1 to 9 systems, numbered 01 through 9.

O Abasic systemis defined as a Turtle with ID 01, a measurement pod with a unique id from 02 to 15. Ifa
wireless system is being used, thena Base station with a unique id from 02 to 15 is also required.

Use the number keys to enter a system number.

Pushing the ENTER key saves the system number, leaves the menu item, and goes back to the Main screen.
Pushing the STOP key leaves this menu item, and goes back to the Main screen.

Ooo

14. View software version

D41 Slol|f [t lwlalr |e
Pir le|s|s EINIT

This menu item is used to display the software version of all the units.

D142 D/=]/9 /999 T=
Bl=[9]99]9 Pl=

9
D142 Pirlels|s| |[EINITIEIR| |t |o
clo|n [

ml<
oo

O

©|©
|
©

©|©

D = Display software version

T = Turtle software version

B = Base station software version

P = Measurement Pod software version
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E. Maintenance

1. Detector POD/Base Station

Battery Charging and Replacement

The internal rechargeable NiMH battery should be able to run 12 hour on full charge. It is a good practice, when not using the
Detector Pod, to keep the DC power converter plugged into the Detector Pod's DC power jack. Battery Switch (0=OFF,
1=0ON) must be on in order to charge the battery. It is not necessary to discharge the batteries. There is special battery
charging software that optimizes the battery charging status particularly to the battery installed in the Detector Pod.

Note that it is also possible to charge the Detector Pod battery by connecting the proper cable between J6 of the Base Station
J5 of the Detector Pod, assuming that the Base Station is connected to the Turtle and the Turtle DC power jack is connected
to the DC OUT jack on the Display Module panel.

If it becomes necessary to change the battery in the Detector Module, perform the following steps:

Switch the battery switch off. (BAT in the O position)

Remove the Phillips head screw from the underside of the Detector Pod.

On the battery switch end panel, remove the 2 Phillips head screws, next to the DS3 and DS4 indicators.
Orient the Detector Module on the bench with the antenna point up.

Gently pull on the end panel bezel and pull the pc board assembly about half way out. The battery board assembly will
be visible. It rides in the top track of the case.

The battery board can now be lifted out, and remove the battery connector from the main pc board.

Connect the new battery connector and position the pc board into the top track of the case.

Slide the assembly back into the case by pushing on the end panel bezel.

9. Replace the two end panel screws and the bottom screw. Do not over tighten the end panel screws.

10. Plug the DC power converter into the Detector Pod's DC power jack and switch the BAT to 1 on the end panel.
11. Charge the battery for 24 hours. It is now ready for use.

agrwbdE

o N

Indicators
There are four LEDs on the end panels that indicate the status of the Detector Pod
DS1: This is the battery charge status.
»  Offduring battery discharge, i.e., not connected to power source. This is normal during measurements.
e Rapid blink during low battery status
e Onsteady during trickle charge of the battery
e Slow blink (once per second) during active charging other than trickle charge
DS2: There 4 possible states
» Rapid flashing indicates an error occurred during operation. Such errors can be caused by a bad communication,
internal memory error, battery maintenance error, etc.
e On/Off every other second while not on battery indicates normal operation
e On/Off every other second while on battery indicates active acquisition
e One quick flash every second indicates sleep mode during battery operation
DS3: On when transmitting
DS4: On when receiving

2. Turtle

Battery Charging and Replacement

The Turtle also has internal rechargeable NiMH battery. Normal operation using rf communication will not require the
battery, the power for the Turtle can be taken from the Display Module by connecting a barrel connector jumper between the
Turtle DC input jack and the OUT DC connector jack on the Display Module.

If the rf communication is not used and the Detector Pod is connected directly to the Turtle, then the battery in the Turtle is
required for dosimetry measurements. In this case, the barrel connector jumper should not be connected between the Turtle
DC input jack and the OUT DC connector jack on the Display Module. The Turtle battery should be able to run 12 hour on
full charge.
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Itis a good practice, when not making dosimetry measurements, to charge the battery with the barrel connector jumper
connected between the Turtle DC input jack and the OUT DC connector jack on the Display Module. Battery Switch
(0=OFF, 1=0ON) must be on in order to charge the battery. If measurements are attempted in this configuration, they will
not be allowed and the Display will indicate a message "Charging Battery, Do Not Measure".

If it becomes necessary to change the battery in the Detector Module, perform the steps outlined under the Detector Pod
instructions for changing the battery.

Indicators
There are four LEDs on the end panels that indicate the status of the Detector Pod
TX: Green LED — Data Transmit
EN: Green LED - Enable Status
RX: Green LED - Data Receive
DS1: Green LED — Onduring 10 second Download wait (“Initializing, Please Wait" display message)
DS2: Green LED — Onwhen running code during normal operation, 1 flash ervery other second during battery
operation
DS3: Green LED - Rapid flash when error occurrs
DS4: This is the battery charge status.
»  Offduring battery discharge, i.e., not connected to power source. This is normal during measurements.
» Rapid blink during low battery status
e Onsteady during trickle charge of the battery
»  Slow blink (once per second) during active charging other than trickle charge
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3. Printouts
A. General

Show message ( for 2 seconds) after the PRINT button is pushed

Screen 3.A.l1 P r | n t | n g

Printer should be set to 40 columns.
B. Report Layouts

1. Intermediate Dose Report

An Intermediate dose report is printed by pressing the PRINT key while the Active LED is turned on. It gives
provides an opportunity to print a one or more treatment fields before STOP is pressed. Each intermediate
dose report will contain the accumulated total since the energy key is pressed.

KRR I S I O R Sk O R O R

RF-1VD | NTERMEDI ATE DOSE REPORT

hkhkhkkhkhkhkhkhhhkhhhhhhhhdhhhdhhhdhdhkhddhrrdrrkx*x*x

HHWWSS: 08: 52: 38 DDMWYY: 20/ 09/ 00

Pati ent Nane:

Patient |D:

Fi el d: Machi ne:

Ener gy: MJ: SSD:

POD 04, S/ N 9999999 Key: 1 Energy: 06 MeV

DOSE:
Channel A= 150.0 cCQy (s/n: 1615126)
Channel B= -0.0 ey (s/n: 1615125)

Channel C= 106.6 cGy (s/n: 1615124)

Ther api st :

Sof t war e Ver si ons:
D: 999999 T:999999 B: 999999 P: 999999

khkkkkhkhkkkhkhhkkkhkhhkkhkhkhkhkkhkhrxhkdhkhkkhdkrxhkdkhrkkhdxkkdx*x*

O The date and time on Intermediate dose report will be the date and time of the printout.
Q Print this report when collecting Dose with calibrated inputs.
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2. Dose Report
After STOP is pressed, this report is printed when PRINT is selected.

hkhkhkkhkhkhkhkhhhhhhkhhhhhdhhhhhhhdhkhdhkrrkhkrkkx*x*x

RF-1VD DOSE REPORT

R I I R I O R R I R I R I O

HHMVBS: 08:52: 38 DDMMYY: 20/ 09/ 00

Pati ent Name:

Patient |D:

Fi el d: Machi ne:

Ener gy: MU SSD.

POD 04, S/ N 9999999 Key: 1 Energy: 06 MV

DOSE:
Channel A= 150.0 cCQy (s/n: 1615126)
Channel B= -0.0 cGy (s/n: 1615125)

Channel C= 106.6 cGy (s/n: 1615124)

Ther api st :

Sof t war e Ver si ons:
D: 999999 T:999999 B: 999999 P: 999999

khkkkhkhkkkhkhhkkkhhhkkhkhhkhkkhhdxkhkdhkhkkhdxkhkhkkhhdxkk,x*x%

O The date and time on the Dose report will be the STOP date and time of the acquisition.
O Printthis report after collecting Dose with calibrated inputs.

3. Intermediate Charge Report

R I R I I I R R I O R I R S I O

RF-1VD | NTERVEDI ATE CHARGE REPORT

khkkkhkhkkkhkhhkkkhhhkkhkhhkhkkhhdxkhkdhkhkkhdxkhkhkkhhdxkk,x*x%

HHWEBS: 08: 52: 38 DDMWYY: 20/ 09/ 00

POD 04, S/ N 9999999 Key: 1

DCSE:

Channel A= 45.7 nC
Channel B= 72.4 nC
Channel C= 18.4 nC
Ther api st :

Sof t war e Ver si ons:
D: 999999 T: 999999 B: 999999 P: 999999

R R R R I O I I I R I R I O

Q The date and time on the Intermediate Charge report will be the date and time of the printout.
Q Print this report while collecting charge with un-calibrated inputs.
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4. Charge Report

KRR S O I O I S R

RF-1 VD CHARGE REPORT

hkhkhkkhkhkhkhkhhhhhhkhhhhhdhhhhhhhdhkhdhkrrkhkrkkx*x*x

HHWWSS: 08: 52: 38 DDMWYY: 20/ 09/ 00

POD 04, S/ N 9999999 Key: 1

DOSE:

Channel A= 45.7 nC
Channel B= 72.4 nC
Channel C= 18.4 nC
Ther api st :

Sof t war e Ver si ons:
D: 999999 T:999999 B: 999999 P: 999999

khkhkkkhkhkkkhkhhkkkhkhkhkhkhhkhkkhdkdxhkdhkhkkhdkrxhkhkhrhkkhdxkkdx*x*

O The date and time on the Charge report will be the end date and time of the acquisition.
O Print this report after collecting charge with uncalibrated inputs.

5. Dose Calibration Report

R I R I I I O R I R I I O I R I O

RF-1 VD DOSE CALI BRATI ON REPORT

khkhkkkhkhkkkhkhhkkkhkhkhkhkhhkhkkhdkdxhkdhkhkkhdkrxhkhkhrhkkhdxkkdx*x*

HHWVSS: 08: 52: 38 DDMWYY: 20/ 09/ 00
PCD 04, S/ N 9999999 Key: 1 Energy: 06 MeV

DOSE:

Channel A= -0021892 Cts (s/n: 1615126)
Channel B= -0022169 Cts (s/n: 1615125)
Channel C= -0021944 Cs (s/n: 1615124)

CAL| BRATI ON FACTORS: TEMPERATURE:
Channel A= -0.004567 99.9 Deg C
Channel B= -0.004510 99.9 Deg C
Channel C= -0.004557 99.9 Deg C
TEMPERATURE CCEFFI Cl ENTS:

Channel A= 0.0

Channel B= 0.0

Channel C= 0.0

Physi ci st :

Sof t war e Ver si ons:
D: 999999 T: 999999 B: 999999 P: 999999

R R R R I O I I I R I R I O

The date and time on the Dose Calibration report will be the Date and time of Calibration..
Only show temperature, if the Calibration Factor is negative.
Show 0.0 for temperature coefficients if not done yet.
Print this report when the calibration coefficients are displayed in dose calibration (Screen2.D.6.7.1) or
from View Calibration with a button selected (Screen 2.D.7.3).
-31-
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6. Charge Calibration Report

khkhkkhkhkhkhkhhhkhhhkhhhhhhhhhhhhdhkhdhkrkkhkrkkx*x*x

RF-1VD CHARGE CALI BRATI ON REPORT

ER R R R R I R R Rk O b O O R

HHMMVBS: 08: 52: 38 DDMMYY: 20/ 09/ 00
POD 04, S/ N 9999999 Key: 1 Energy: 06 MV

DOSE:

Channel A= 0021892 Cts (s/n: 1615126)
Channel B= 0022169 Cs (s/n: 1615125)
Channel C= 0021944 Cs (s/n: 1615124)

CALI| BRATI ON FACTORS:
Channel A= -0.004567
Channel B= -0.004510
Channel C= -0.004557

TEMPERATURE CCOEFFI Cl ENTS:
Channel A= 0.0
Channel B= 0.0
Channel C= 0.0

Physi ci st :

Sof t war e Ver si ons:
D: 999999 T:999999 B: 999999 P: 999999

KRR I S I O R Sk O R O R

O The date and time on the Charge Calibration report will be the Date and time of Calibration..
O Printthis report when the calibration coefficients are displayed in charge calibration (Screen2.D.6.7.1)
or from View Calibration with an uncalibrated button selected (Screen 2.D.7.3).

4. Calculations
A. Background

Display builds a FIFO array with the counter data from the POD and a time value (in seconds) from
the 16 milli-second clock on the pod. This array is cleared each time an energy key or Stop is
pressed.

The array looks like:

A(L,1)=T(1), A(1,2)=A(1), A(L,3)=B(1), A(L4)=C(1),  A(L5)=D(L);
AR2.1)=T(2). A2.2)=A2) A(2.3)=B(2). A2.4)=C(2).  A(2.5)=D(2):
A(32,1)=T(32), A(32,2)=A(32), A(323)=B(32), A(32,4)=C(32), A(32,5)=D(32).

T(n) = time stamp of the n" counter values for channels A, B, C, D. with T(1) being the most recent
and T(32) being the oldest.

When a calibrated energy key is pressed, calculate the background rates before clearing the array.
Caution: Note conditions below.

Find first subscript n such that A(n,1) — A(1,1) > 30, i.e., calculate the background from the most
recent 30 seconds of data.
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BKGA=h2 = As BkGB="v3"As  grao=the A

17 A A=Ay A=Ay
where BKGA, BKGB, BKGC are the background counting rates for channels A, B, C.

Background calculation conditions:

O Recalculate BKGA, BKGB, BKGC after an energy key is pressed only if A(1,1)-A(oldest,1)>=30.
i.e. we have collected a full 30 seconds worth of background again, otherwise use the prior
values of BKGA, BKGB, BKGC previous to the energy key being pressed.

a If new BKGA, BKGB, or BKGC is < 10 (25 pA), replace previous value with the new value.

o If new BKGA, BKGB, or BKGC is >= 10, replace previous value with 0. Display '~' next to the
dose results in the Dose screen, and display lower case a, b, ¢, when displaying charge results.

O Example: Old BKGA = 3.53, BKGB = 2.88, BKGC = 4.34

a) A(30,1) — A(1,1) =30, 1*¥ condition passes, calculate new backgrounds

b) New BKGA = 4.39, BKGB =2.58, BKGC = 11.34

c) Replace backgrounds as BKGA = 4.39, BKGB = 2.58, BKGC =0

d) Something failed in channel C, but A and B are OK.
O Example: Old BKGA = 3.53, BKGB = 2 88, BKGC =4.34

a) A(21,1) - A(1,1) =21, 1% condition fails, do not calculate new backgrounds
O Note that it is possible, if we miss a communication, that the A(n,1) — A(1,1) >n.

B. Irradiating the Pod

If Pod Rate is above 80 counts/second, then in both Measure mode and Non-measure mode (background), the
display should give an audible and visual warning. This level should be adjustable by the Physicist. Adjust as
follows:

During warning, while in Physics mode, press =®  to auto set new warning threshold to the current PodRate
*1.2. This method would be used if rate is being set while pod is in typical clinical scatter conditions.

OR

During warning, while in Physics mode, press €= to set the warning threshold to current Pod Rate/2. This
method would be used if setting the threshold by irradiating the pod under minimum direct beam conditions.

Aos ~ Aus

1~ M

PodRate=————=

C. Data collection

At the beginning of the measurement, when the pod is told to start measuring, the 16 milli-second counter is
zeroed. During Measurement, calculate the Dose and Rate from the FIFO array as follows:

Dose:

DA=[A,, - A, (BKGA| TR, , [(Tempcf o,
DB :[A1,3 ~Ag (BKGB] [CFyn 5 [{Tempef ).

DC =[A1,4 -A mKGC] [CFypn,c CTempef )y,

where DA, DB, DC are the dose values for channels A, B, C and CFun s, CFotns, CFoinc, are the
Calibration Factors for channels A, B, C on energy button 'btn'. (Tempcf)pn,cnr is defined below, cnr
being A, B, or C. This assumes that the timer counter was zeroed, i.e., As 1 is the true elapsed time
since pressing the energy key.
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Rate:

RA= :(Al,z - Az,z)_ (Ai,l - Az,l)[BKGA] [CFyyp, 2 [{Tempcf )btn,A

RB= :(Al,S ~Aya)- (A - Az,l)ﬁKGB] [CFyp, 5 [{Tempct ). 5

RC= :(A1,4 - A2,4)‘ (A1,1 - Az,l)wKGC] [Ty, c {{Tempcf )btn,C

where the RA, RB, RC are the dose rate values for channels A, B, C during the past time interval of
A1,1 to A2,1.

D. Computing Temperature Correction factor
The temperature correction factor is computed from:

-1
TempCfbtn,cnr =[1 + thtn,cnr [QTMPcnr _TCAthn,CnF )]

where:

tcomn,cnr = Temperature Coefficient of the detector on connector ‘cnr’ when the calibration of energy
button btn was performed. The temperature coefficient is not measured at the time of calibration of
the energy button. It measured during a temperature coefficient procedure.

TMP¢r = Measured temperature of the detector, which first occurs at the Start of the measurement,
but is then replaced with the value when the beam turns off.

TCALpincnr = The measured temperature of the detector when the detector was calibrated on the cnr
connector to the btn energy button.

E. Computing Dose Calibration factor for energy button 'btn’

Calculate CF is a follows:

DA
CI:btn,A =T _
A, — A | [BKGA|
DB
CFytn,5 =T .
A, 5 — Ay, [BKGB]
CF, DC

ne = [A1,4 - A EKGCJ

DA, DB, DC are all equal since they are all the same dose, entered by the user after the calibration
beam turns off.

There is no temperature correction because the calibration is at the temperature during calibration.

That is, in the expression for Tempcf, the difference TMP¢nr - TCALpin cnr during calibration is zero
and TCALpm.cnr gets saved with the calibration.
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