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[bookmark: _Toc439994665][bookmark: _Toc438123956]Introduction
[bookmark: _Toc439994667][bookmark: _Toc438123957]Purpose 
This document sets in place the software requirements for the Accelerator Division v4.0 radiation monitor interface (radcard). The v4.0 radcard is essentially a v3.0 radcard minus the MC68HC711P2 processor, replaced with a Fermilab designed daughterboard (1310-ED-377762) and inserted into the vacated PLCC84 socket. The daughterboard, (hereafter referred to as the “rad13 daughterboard”) allows for replacement of an obsolete micro-processor, provides the ability to re-program the software and provides a much higher performance level. In addition the new software must accommodate two new radiological devices, the TLM and the FOX.
[bookmark: _Toc439994668][bookmark: _Toc438123958]Document Conventions/Terminology
This document will refer to the following terms throughout. They are briefly explained below. A full list of terms can be found in Appendix.
rad13	refers to the daughterboard designed to replace the obsolete microprocessor on the v3.0 radcard
v3.0 radcard	refers to the existing radcard hardware, which is at hardware revision 3.0.
v4.0 radcard	refers to the combination of the v3.0 radcard hardware using the new rad13 daughterboard instead of the original microprocessor.
v4.0 software	refers to the software being specified in this document, destined to run on the rad13 daughterboard driving the v3.0 rad card.
This document will refer to certain items as TBD (to be determined). These are items that have engineering decisions pending, for whatever reason. All TBD items are further documented in Appendix C so they can be tracked to closure.
[bookmark: _Toc439994669][bookmark: _Toc438123959]Intended Audience and Reading Suggestions
This document is intended for the developer(s) of the v4.0 radcard software, users of the various Fermilab radiological devices and users of the v4.0 radcard. The document assumes the reader is familiar with the existing the Fermilab radiological systems, radiological devices and their proper usage. See the Fermilab Radiological Control Manual (FRCM) at the Fermilab ESH&Q webpage. Little or no software language proficiency is required in reading this document.
Those readers coming from a software background with the intent to participate in the software development, design, testing and verification will be familiar with the following hardware documents:
NXP   Doc ID: LPC111X “LPC1110/11/12/13/14/15 Product data sheet Rev. 7.5”, 10/2/2012
NXP   Doc ID: UM10398 “LPC111x/LPC11Cxx User Manual Rev. 12”, 9/24/2012
NXP   Doc ID: PCA9535_PCA9535C_5, “PCA9535; PCA9535C 16-bit I2C-bus and SMBus, low power I/O port with interrupt” 9/15/2008
[bookmark: _Toc439994670][bookmark: _Toc438123960]Project Scope
The v4.0 rad card software will be implemented using the ‘C’ language running on an ARM Cortex M0 processor (NXP LPC1114) in an embedded software environment. The software running on the rad13 daughterboard will drive the hardware of the existing v3.0 radcard. The v4.0 radcard (v3.0 radcard combined with rad13 daughterboard, and using the v4.0 software) will act as the interface between the Radiation Safety System and the Fermilab approved radiological devices (Chipmunk, Scarecrow, FOX and TLM). The general algorithms for the existing chipmunk and scarecrow radiation calculations will remain intact but will be implemented in the ‘C’ programming language. The ‘C’ language was chosen as it provide a more readable/modifiable source code while still allowing the close tie between software and hardware found with the assembly language of previous versions of the radcard. The currently unsupported radiological devices, the FOX and TLM will be incorporated using the same algorithms with calibration factor changes. As with previous radcards, the v4.0 radcard will serve to make or break the dual hardware rad loops common to all Fermilab radiation safety systems as well as provide accurate status data to the AD/ESH Safety System Computer data acquisition system.
[bookmark: _Toc439994673][bookmark: _Toc438123961]Overall Description
[bookmark: _Toc439994674][bookmark: _Toc438123962]Project Perspective
The v4.0 rad card and its software will be the latest of four versions of the radcard monitor interface.  The original v1.0 radiation monitor interface was a 68HC11A2 processor design that interfaced with the Fermilab Chipmunk radiological monitoring device and provided 12 fixed trip point settings running in a “rate repetition” (rate of pulses, repeated) mode only. The second radcard, v2.0, was an “integrated time” version of the rad card and looked at the number of radiological pulses occurring in a specific time period, regardless of rate. The v3.0 radcard added the ability to run in either mode and featured an upgraded 68HC11P2 processor. It also interfaced directly to the Safety System Computer data acquisition system. All radcards up to this point have featured assembly language versions of their software. The v4.0 radcard, subject of this requirements document, is written in the “C’ language and runs on a 32-bit ARM-Cortex M0 processor.
[bookmark: _Toc439994675][bookmark: _Toc438123963]Project Functions
The v4.0 radcard will interface with the usual radiological devices, the Chipmunk and the Scarecrow, as well as two newer radiological devices, the Fox and the TLM. The interface will continue to have the ability to identify the specific radiological device attached. As in the last version of the radcard, it provides an onboard interface to the Safety System Computer data acquisition system. As with previous radcard implementations, there will be the accommodation of the current Safety System testing methodology. The card operates in the same manner as previous cards, obviating changes to existing test procedure documentation. The semi-annual testing of the radcard does require a new programmer/tester box (due to the new radiological devices) which is not the subject of this requirements document.
[bookmark: _Toc439994677][bookmark: _Toc438123964]Operating Environment
The radcard design continues the use of the existing junction box motherboards (2 radcards per motherboard) as well as the existing radiation monitor chassis (16 radcards in a single chassis). 
[bookmark: _Toc439994678][bookmark: _Toc438123965]Design and Implementation Constraints
The v4.0 software must interface with the existing v3.0 radcard hardware via the rad13 daughterboard. The rad13 daughterboard uses an NXP ARM Cortex M0 LPC1114 microcontroller, an industry standard I2C bus, and the extensive use of port expander IC’s to accomplish the interface to the existing v3.0 rad card, in the available area allotted by replacement of the v3.0 radcard’s microprocessor. This is the third project using this microcontroller and allows us to leverage tested drivers created for previous projects. There will be minimal driver development required.
The software will meet the specifications required by each of the Fermilab radiological devices to accurately determine the proper trip points, execute them, and display the current status accurately back on the Safety System Computer.
The software will be implemented in the ‘C’ programming language so as to speed development and make the code more readable and maintainable than the assembly language implementations of the previous version of the rad card.
The software must accurately use the existing Safety System Computer data acquisition system.
[bookmark: _Toc439994679][bookmark: _Toc438123966]User Documentation
The user documentation will include this document, the aforementioned hardware references, and a User Manual. The relevant prints are 1310-ED-377762 “LPC MCU Board” (rad13 daughterboard which serves a dual purpose as an aart13 daughterboard) and 1310-ED-377527 “Radiation Monitor Interface Board”. Other valuable references include the “aart13-rad13-PinAssignments.xlsx”, “rad13FlowProgress.xlsx”, “rad13RadCardBitAssignments.xlxs” and the radcalcsNEWv4.xlsx” which can be obtained from Greg Giese. (Upon completion of the project, they will reside with the other Interlock Documents in the “Radcard 4.0” folder on the Y: drive.)
[bookmark: _Toc439994682][bookmark: _Toc438123967]External Interface Requirements
[bookmark: _Toc438123968]User Interfaces
· The existing Safety System Computer Rad page interface will continue to be supported as the existing data acquisition system is still the remote interface. There will be some minor modifications to the Rad Monitor page, due to the newly supported TLM and FOX devices.
· The radcard front panel hardware stays the same, so only minor user interface changes will occur (front panel LED test, flashing leds to signal error, etc.).
· The user interface for the trip point programming of individual rad cards will change drastically. The trip point programming will not use a Palm personal assistant as the interface but use a Fermilab built combination Programmer/Tester module to keep the trip point programming as simple as possible. 
[bookmark: _Toc439994684][bookmark: _Toc438123969]Hardware Interfaces
The v3.0 radcard hardware as it exists will be used in its entirety, with the exception of its MC68HC711P2 microprocessor. The v3.0 radcard makes the direct connection to the rad loops associated with the typical AD/ESH Radiation Safety System (RSS). There is a “real-time” rad loop and a “latched” rad loop used in the typical RSS with the v3.0 radcard hardware capable of closing/opening its portion of each rad loop when appropriate.
The rad13 daughterboard replacing the v3.0 radcard’s microprocessor provides the hardware interface between the new v4.0 software to the v3.0 radcard hardware
[bookmark: _Toc439994685][bookmark: _Toc438123970]Software Interfaces
The radcard software is developed on a Windows PC running the LPCXpresso IDE from NXP. The IDE itself is based on the open source Eclipse IDE running the “C/C++ Development Tools” (CDT++) plug-in environment. Within the CDT++, the project provides support for the GNU toolchain, the GDB debugger and provides a static code analysis rule set, customizable by the user. This environment is very well integrated with the NXP libraries provided to aid in the programming of the NXP LPC1114 microcontroller being used. All the calls used in programming the microcontroller follow the Cortex-M Microcontroller System v2.0 (CMSISv2) provided by NXP. The CMSISv2 provides a common way to access peripheral registers and a common way to define exception vectors. It also defines the names of Core Peripherals (UART, I2C, SPI, etc.) and the names of the Core Exception vectors. It also provides for a debug channel. Using the CMSISv2, one can more easily re-use software. The drivers from two previous projects are used in this project with little or no change. The IDE also provides an easy way to flash the microcontroller using the Single Wire Debug (SWD) interface incorporated within the LPC1114 microcontroller.
[bookmark: _Toc439994686][bookmark: _Toc438123971]Communications Interfaces
The software will use the existing Safety System RS-485 serial network and network protocols to communicate back to the Safety System LEPR associated with the port associated with the specific v4.0 radcard. The existing communications protocol will be adhered to with the minor change to the packet header identifying the radcard that is responding. This change brings the radcard into compliance with the other devices on the Safety System RS-485 networks.

[bookmark: _Toc439994687][bookmark: _Toc438123972]System Features
The next section will focus on specific system features required of the software. These features may be specific actions, or specific behaviors. Each feature discussion will include the following:
· Description and priority of the feature. 
· Stimulus/response sequences of the feature. 
· Specific Functional requirements for the feature.
The specific requirements will be documented with a section number and an alphabetical designation to provide reference. All documented requirements are gathered in Appendix B as well, to aid in the proper tracking to closure.
[bookmark: _Toc438123973][bookmark: _Toc439994690]Rad Loop Relay Drive (TC-1, TC-2)
Description and Priority
Every radiation safety system has, at its core, a pair of loops, called rad loops. Each radcard that is a member of a specific radiation safety system has a pair of relays; each residing one of two rad loops. Each loop is an input to one or more, Fermilab Critical Device Controllers or Logic Modules. One of the rad loops is termed a “real-time” rad loop and the other is a “latched” rad loop. The “real-time” rad loop is the sum of all its radcard’s real-time relays. The “latched” loop is the sum of all its radcard’s latched relays. When the “latched” relay drops with the “real-time” rad loop, it will remain “latched” in the de-energized state (latched rad loop open) until a human acknowledges the drop and physically performs some action (Safety System Master Reset) to restore the loop.
Given the above, it is critical that the software controlling the relay drive is as fault free as reasonably achievable. The relay drive hardware consists of a capacitively-coupled rectifier/filter for each relay which requires a 250 Hz 50% duty-cycle pulse train to enable relay closure. The pulse train combined with the capacitive coupling will ensure that the microcontroller output or the software that controls it will not hang high and falsely permit either relay. Additionally, the software is required to strobe an external hardware watchdog chip every 200 mSec. Failure to do so will result in the watchdog chip itself pulling both relay drive pulse trains to ground, thus de-energizing the permit relays. 
Stimulus/Response Sequences
Eight conditions are required for permitting the relay drive. Failure to meet all eight conditions for permitting a relay drive will result in NO relay drive. Loss of any permit condition will result in the loss of the relay drive. The software will make no distinction between real-time and latched relays. The latching hardware on the radcard forces user input to reset the latched loop relay. The user may provide a contact closure or voltage to initiate the reset of the latched loop, thus enabling it. There is no software involvement in the reset of the radcard.
Functional Requirements
There are eight required conditions that must be met before issuing the radcard relay permit signals. Hence any one of the required conditions can disable the radcard relay permit signal. The software will verify existence of all required conditions before issuing the rad card relay permit. The eight required conditions are listed below. Each condition is described in depth later in section 4.2, Relay Driver Required Conditions.

1. Radiation Condition Requirement (err_RAD)
The radcard relay drive will be disabled upon the detection of radiation levels higher than those permitted by the trip setting. (This error is recoverable.)
2. Radiological Device Identity Condition (err_DEVICE)
The radcard relay drive will be disabled upon the failure of the Identification Voltage and Failsafe Voltage combination provided by the attached radiological monitoring device to match the radcard device identity switches. (This error is NOT recoverable. The switches must be set properly at boot.)
3. Failsafe Voltage Signal Condition (err_FSV)
The radcard relay drive will be disabled by the loss of the detector failsafe voltage or the reception of a failsafe voltage different than that expected from the type of detector programmed into the card. (This error is recoverable.)
4. Identification Voltage Condition (err_IDV)
The radcard relay drive will be disabled by the loss of the detector I.D. voltage or the reception of an I.D. voltage different than that expected from the type of detector programmed into the card. (This error is recoverable.)
5. Mode Condition (Rate or Integrating) (err_MODE)
The radcard relay drive will be disabled by improper setup of the rate/integrate slide switches present on the interface board. The use of a TLM in rate mode and the use of a Scarecrow in time integrated mode are prohibited. (This error is NOT recoverable.  The switches must be set properly at boot.)
6. Settings Integrity Condition (err_CHKSUMPROGATT)
The radcard relay drive will be disabled when certain critical memory locations are altered after boot or after setting trip points. It will also be disabled under this condition by attachment of the programming unit. (This error is NOT recoverable. The radcard must be re-programmed and re-tested, or the programmer/tester must be removed.)
7. Missing Pulse Condition (err_MPLS)
The radcard relay drive will be disabled if pulses fail to arrive from the monitored radiological device during any 120 second period. (This error is recoverable)  
8. High/Low Trip Point Request Condition (err_HILO)
The radcard relay drive will be disabled should the two (A & B) high/low trip request lines not match. If the hi/lo inputs are different, the condition is considered to have failed. (This error is not recoverable.)
REQ-4.1a:	The software must find that all eight of the conditions required by the rad card relay drive are satisfied before issuing the relay drive signal and must remove said drive signal upon failure to meet any of the conditions.
[bookmark: _Toc438123974]Individual Relay Driver Conditions
This section will describe each of the eight aforementioned conditions that are required to issue a relay drive signal. Each will be briefly described and stimulus/response concerns will be discussed. Finally there will be a discussion of the functional requirement(s) followed by a documented requirement that must be met.
Radiation Condition (TC-3)
Description and Priority
The radiation condition is the core function of the radcard. The amount of radiation indicated by the radiological device must be lower than the assigned trip setting. The rad card can run in an “integrated time” or a “rate repetition” mode. Regardless of the mode, the trip point is observed and required to enable the relay drive of the radcard. 
Stimulus/Response Sequences
The radiation detected must be lower than the trip setting.
Functional Requirements

REQ-4.2a:	The radiation condition required by the relay drive will compare the radiological levels of the attached radiological device, and the assigned trip setting. In the event the assigned trip point is exceeded the radiation condition will be removing, thus disabling the relay drive.
Radiological Device Type Selection Condition (TC-4)
Description and Priority
The correct operation of the radcard depends on monitoring the intended radiological device. The user defines the intended radiological device via one of four slide switches on the radcard (sw0-sw3) to ensure the proper voltages are coming back on the FSV and IDV inputs.
	 (sw0)
	Chipmunk

	        (sw1)
	TLM

	(sw2)
	Scarecrow

	       (sw3)
	FOX


Only one of the four switches may be on the ON position. Additionally the TLM is not allowed to run in a rate repetition mode and a Scarecrow is not allowed to run in an integrated time mode. 
Stimulus/Response Sequences
The radcard device selection switches will be read at boot for proper setup. In the event that an improper setup is detected, the condition will remain violated and a relay permit not issued. The radcard must be rebooted with the device selection situation remedied.
Functional Requirements
The FSV and IDV are to be monitored as often as reasonably possible and compared to a proper device selection setting. As such the device selection switches will indicate a single radiological device capable of running in the selected mode. This is not the test to determine if there is the loss of the Failsafe or ID voltages. That will be handled elsewhere. 

REQ-4.2b:	The type of radiological device requested (dip switches sw0-sw3) must be a valid device for the selected mode of operations and may not have multiple devices selected nor no device selected. The violation is not recoverable and the card must be rebooted with proper device selection. 
Failsafe Voltage Detection Condition (TC-5)
Description and Priority
The Failsafe Voltage (FSV) is a voltage of either +24V or -24V provided by the radiological monitoring device attached to the radcard. The presence of the voltage is indicative of the proper operation of the device. A loss of the signal (0V) indicates some sort of failure within the radiological device itself. The radcard is not concerned with the type of failure. The radcard is intended to operate with fully functional devices only. This is a high priority item.

	Device
	Fail Safe
	ID

	Chipmunk (sw0)
	+
	+

	TLM (sw1)
	-
	+

	Scarecrow (sw2)
	+
	-

	FOX (sw3)
	-
	-



Stimulus/Response Sequences
The FSV is to be monitored on a continuous basis. Any loss of this signal is a failure and the permit to the rad loop relays is to be immediately removed. There is no hysteresis involved in monitoring this signal.
Functional Requirements
Monitoring the FSV on a radcard requires monitoring two opto-couplers (due to the minus or plus 24V possibilities). One of the opto-couplers (depending on the type of device attached) will be active at all times with a properly functioning radiological monitoring device. In the event that both are inactive, a failure exists. 
REQ-4.2c:	Any loss of the Failsafe Voltage signal or improper polarity will result in the loss of the permit to the rad loop relays.
REQ-4.2d:	In the case of the FSV Condition being met, the FS front panel led will be lit. In the case of failure, the FS led will remain extinguished.
Identification Voltage Detection Condition (TC-6)
Description and Priority
The Identification Voltage (IDV) is a voltage of either +24V or -24V provided by the radiological monitoring device attached to the radcard. The presence of the voltage historically has been to provide a voltage that, used in combination with the FSV could be used to determine the identity of the radiological monitoring device attached to the radcard. With the addition of Total Loss Monitor as an approved radiological monitoring device, the IDV has taken on the added function of indicating the proper operation of the attached radiological device, much like the FSV. As such it will now be treated just like the FSV and it will be tested for a loss of signal.
A loss of the IDV signal (0V) indicates some sort of failure within the radiological device itself. The radcard will not be concerned with the reason for failure. The radcard is intended to operate with fully functional devices only. This is a high priority item.

	Device
	Fail Safe
	ID

	Chipmunk (sw0)
	+
	+

	TLM (sw1)
	-
	+

	Scarecrow (sw2)
	+
	-

	FOX (sw3)
	-
	-


Stimulus/Response Sequences
The IDV is to be monitored on a continuous basis. Any loss of this signal is a failure and the permit to the rad loop relays is to be immediately removed. There is no hysteresis involved in monitoring this signal.
Functional Requirements
Monitoring the IDV on a radcard requires monitoring two opto-couplers (due to the minus or plus 24V possibilities). One of the opto-couplers (depending on the type of device attached) will be active at all times with a properly functioning radiological monitoring device. In the event that both are inactive, a failure exists.
REQ-4.2e:	Any loss of the Identification Voltage signal or improper polarity will result in the loss of the permit to the rad loop relays.
REQ-4.2f:		In the case of the IDV Condition being met, The ID front panel LED will be lit. In the case of failure, the ID LED will remain extinguished.
Rate or Integrating Mode Selection Condition (TC-7)
Description and Priority
The radcard will process the radiological device pulses in one of two methods, rate repetition mode or integrated time mode. The rate mode looks at the radiation pulse train and determines if pulses are coming in at a rate that would exceed its trip point setting in a hour. The integrating mode counts the actual number of pulses received in a given integrating interval and extrapolates what the radiation dose would be in an hour. The desired mode, rate or integrate will be defined on the radcard via two dipswitches, sw4 or sw5, respectively. Additionally some modes may not be allowed on a specific radiological device. The rate mode is not be allowed on a TLM and an integrating mode is not allowed on a scarecrow. 
Stimulus/Response Sequences
The software will look at switches sw4 and sw5 and determine the desired mode, rate or integrate, to determine in algorithm with which to properly process the pulses arriving from the attached radiological device. In the event that neither switch position is closed or if both switches are closed, the setting will be determined to be a condition failure. Meeting the condition will light the appropriate front panel LED. An incompatible combination of device and mode will result in the flashing hi/lo LEDs as an error condition.
Functional Requirements
The mode switches, sw4 and sw5 will be checked at boot and be determined to be in rate or integrating mode or improperly set. In addition, selection of a rate mode will require verification that the attached device is not a TLM and selection of integrating mode will require verification that the attached device is not a Scarecrow. Mode errors are considered to be non-recoverable, that is, the user must remove the card and rectify the error.

REQ-4.2g:	At boot, the mode switches, sw4 (rate) and sw5 (integrate) will be checked to determine the mode. If the mode is determined to be integrating, the Mode Condition will be considered to have been met if the device is not a Scarecrow.
REQ-4.2h:	At boot, the mode switches, sw4 (rate) and sw5 (integrate) will be checked to determine the mode. If the mode is determined to be rate, the Mode Condition will be considered to have been met if the device is not a TLM. 
REQ-4.2i:		If at boot the mode switches are determined to be inaccurate (both or neither closed) the condition will be considered a failure and will result in the loss of the Mode condition, preventing the relay drive.
REQ-4.2j:		In the case of the Mode Condition being met, the appropriate, rate or integrate front panel LED will be lit. In the case of the Mode Condition failing, the hi/lo leds will flash alternately.
Settings Integrity Condition (TC-8)
Description and Priority
The trip point settings are critical to the proper operation of the radcard. The card uses a simple XOR checksum at boot to verify the trip settings retrieved from EEPROM via the I2C bus. The XOR’ed values are the high and low trip settings and the software version. This calculated checksum is compared to that retrieved from the EEPROM. A checksum error forces a re-programming of the trip settings, which in turn requires a re-test of the radcard in the system. The trip settings programmer cable attachment is also considered a violation of this condition as the P/T is intended to change trip settings. The EEPROM checksum is stored into the EEPROM upon successful setting of the trip point.
Stimulus/Response Sequences
At boot, the trip settings and software version will be calculated into a checksum. The checksum will be compared to the checksum stored and retrieved from the EEPROM. Failure of the integrity test will result in the loss of the checksum condition. The possible attachment of a programming device to the radcard will be continuously monitored and violate this condition upon attachment. An error of this condition is not recoverable and the card must be rebooted without attachment of the trip setting programmer, or the trip settings must be re-programmed. The checksum will fail with an update of the software and must be re-programmed.
Functional Requirements
The checksum for the critical variables is calculated upon boot. It will be checked against the EEPROM checksum. The radcard must violate the Settings Integrity condition upon attachment of the P/T programming cable. Software updates are also a violation of an existing EEPROM checksum.
REQ-4.2k:	At boot a settings lightweight XOR checksum consisting of the trip settings and the software version will be calculated and must match that retrieved from the EEPROM.
REQ-4.2l:		Attachment of the P/T and its programming cable will result in a violation of this condition. This will be monitored continuously.
REQ-4.2m:	The change in software version will violate this condition and require re-programming. 
Missing Pulse Detection Condition (TC-1)
Description and Priority
The radiological devices being monitored, send background radiation pulses at regular intervals. The radcard expects these pulses. The absence of pulses in some minimum amount of time, indicate the device is not operating properly, its cable has been disconnected, or the connecting cable has been compromised. In light of that, the radcard will require that pulses will arrive at regular intervals for all attached devices. 
Stimulus/Response Sequences
Lack of a pulse within the minimum period of 120 seconds will result in the loss of the permit to the rad loop relays. The 120 seconds is chosen due to the background pulse rate of the muon mode chipmunk. (The muon mode Chipmunk is not discussed here and rarely if ever used these days. It will be run in rate mode only and dealt with administratively.) The missing pulse condition error is recoverable upon restoration of the pulse stream.
Functional Requirements
The missing pulse condition must be able to be detected and to be recovered from. The missing pulse error will be indicated locally.

REQ-4.2n:	The radcard must receive a pulse within any 120 period or the missing pulse condition will go into error.
REQ-4.2o:	In the event the restoration of pulses the condition will clear and is recoverable (no reboot required).
REQ-4.2p:	In the event of a missing pulse condition failure, the “DET” front panel LED will be extinguished.
High/Low Trip Point Request Condition (TC-1)
Description and Priority
In anticipation of the possible use of a high tripsetting in addition to the low tripsetting, the radcard would be permitted by two distinct and independent signals, ‘A’ and ‘B’, to enable use of the high trip point setting. Currently the code only looks for a mis-match in the signals. There is only one tripsetting. 
Stimulus/Response Sequences
The radcard Hi/Lo trip setting requests must be the same and an error will violate this condition. 
Functional Requirements
The radcard will use the low trip point setting and in the future use the high trip setting when both the A & B HI/LO trip setting request lines are logic HI. Only the test of request line status is implemented at this point as is their status on the front panel. They must be the same.
REQ-4.2q:	The presence of different logic levels on the Hi/Lo trip point request inputs will violate this condition.
REQ-4.2r: 	Adhere to local interface specification in section 4.8. 
[bookmark: _Toc438123975]Radiological Device Calibration Factor (TC-9)
Description and Priority
Each of the four radiological devices compatible with the v4.0 radcard has its own unit of calibration, referred to as a calibration factor. Each radiological device will indicate the radiological field level expressed as a number of pulses, each of a value equal to its calibration factor. The assignment of the proper calibration factor to each of the radiological devices is of the utmost priority.
Stimulus/Response Sequences
As part of the setup of a v4.0 radcard, the user will be required to indicate the expected radiological device via a dipswitch on the v4.0 radcard. The choices are Chipmunk (CP), Scarecrow (SC), Total Loss Monitor (TLM), and FOX (FX). As mentioned previously, the software will always monitor the radiological monitoring device (via FSV and IDV) to verify that the attached radiological device is the type expected (via an onboard dipswitch). The value of the measured radiological field will be used in conjunction with the mode and trip point to determine an excessive radiological condition.
Functional Requirements
The calibration factors of the four devices are as follows:
	[bookmark: OLE_LINK1]Chipmunk
	2.5 uRem/pls

	Scarecrow
	25 uRem/pls

	FOX
	1.0 uRem/pls

	TLM
	1 nanoCoulomb/pls



REQ-4.3a:	In the case of the Chipmunk radiological monitoring device, a pulse (or count) will indicate 2.5 uRem of radiation.
REQ-4.3b:	In the case of the Scarecrow radiological monitoring device, a pulse (or count) will indicate 25 uRem of radiation.
REQ-4.3c:	In the case of the FOX radiological monitoring device, a pulse (or count) will indicate 1 uRem of radiation.
REQ-4.3d:	In the case of the TLM radiological monitoring device, a pulse (or count) will indicate 1 nanoCoulomb of charge.
[bookmark: _Toc438123976]Rate Repetition Mode Calculation (TC-10)
Description and Priority
Like the v3.0 radcard, the v4.0 radcard can deal with pulses from the radiological monitoring device in a “rate repetition” mode or in an “integrated time” mode. The desired mode is selected via two slide switches on the radcard. The switches are read at boot only. Two switches are used to eliminate the possibility of a single switch failure indicating the wrong mode of operation. A change of the desired mode requires changing two switch settings and rebooting the card. The rate repetition mode radiation calculation algorithm is essentially unchanged from previous versions and is described below. The accuracy of the calculation improves markedly with the v4.0 radcard, as it benefits from a much higher resolution time-base for measuring the period between pulses. The time-base is several orders of magnitude higher in frequency.
Stimulus/Response Sequences
At its simplest, the rate repetition algorithm compares the rate at which rad pulses are arriving to the maximum rate permitted by the trip point setting. Taking it a bit further, the card measures the period between pulses (rate) expressed in timer-counter pulses (tc’s). This is compared to the trip setting expressed in these same tc’s. In actual implementation, the algorithm looks for nine consecutive periods that exceed the trip point setting and removes the radiation condition required by the relay drive if it finds them. In the case of the radiation condition being violated, it can be restored upon the arrival of pulses in which there are three consecutive periods that do not exceed the trip point setting.
Functional Requirements
Nine consecutive pulse periods less than the period of the trip point setting shall remove the radiation condition required by the relay drive. Three consecutive periods of greater than the period of the trip point setting shall restore the radiation condition required by the relay drive.
REQ-4.4a:	Remove the radiation condition required by the relay drive upon receipt of 10 consecutive radiological pulses of period less than that specified by the trip point setting. (10 pulses, 9 periods)
REQ-4.4b:	Restore the radiation condition required by the relay drive upon receipt of 4 consecutive radiological pulses of period greater than, or equal to, that specified by the trip point setting. (4 pulses, 3 periods)
[bookmark: _Toc438123977]Integrated Time Mode Calculation (TC-11)
Description and Priority 
Like the v3.0 radcard, the v4.0 radcard can deal with pulses from the radiological monitoring device in a “rate repetition” mode or in an “integrated time” mode. Again, the desired mode is elected via two slide switches on the radcard. The integrated time mode radiation calculation algorithm is essentially unchanged from previous versions. The accuracy of the trip point settings in this mode remain the same as previous radcards, as it is simply a count of pulses over a 15 minute window. The range can improve for high trip settings as 32-bit counters are now used (previous versions used 16-bit counters). 
Stimulus/Response Sequences
The integrated time mode shall count the pulses received over a 15-minute window with a number of background pulses subtracted every minute. If at any time the count of pulses exceeds the number of counts allowed by the trip point setting, it will result in the loss of the radiation condition required of the relay drive, thus dropping both of the rad loop relays. At the end of every minute the background radiation pulses will be subtracted from the total number of pulses. At the end of a 15-minute integrating window the number of pulses equivalent to the trip point setting will be subtracted from the total number of pulses. If the subtraction results in a number less than that specified by the trip point setting minus 10 counts (a sort of “trip hysteresis”), the radiation condition of the relay drive will be restored. The hysteresis is meant to address the situation where we are just over the trip setting and receiving pulses slowly. The 1 minute background subtraction combined with the slowly arriving pulses could result in a slowly toggling radcard.
Functional Requirements
The algorithm shall count the number of pulses occurring in a 15 minute period. The number of pulses combined with the knowledge of the calibration factor for each pulse gives us a running tally of the amount of radiation being accumulated. In the event that the accumulated radiation exceeds the trip setting, the radiation condition will be removed from the relay drive. At each minute point of the 15 minute integrating interval, the algorithm will subtract the number of background counts typical of the radiological device being monitored. 

	Background
	

	Chipmunk
	4 cts/min

	Scarecrow
	n/a

	FOX
	4.5 cts/min

	TLM
	5 cts/min



At the end of each 15 minute integrating period, the number of counts equivalent to the trip setting will be subtracted from the accumulated count. The radiation condition will be removed from the relay drive ANY time the accumulated counts is in excess of the trip setting. It will stay removed until the accumulated counts drops under the trip setting minus ten counts. 
REQ-4.5a:	Implement the integrated time interval as described above.
REQ-4.5b:	Subtract background based on the type of radiological device. In the case of the FOX, 4.5 cts/min, we cannot subtract off a half count so subtract off 4 cts, then 5 cts in alternating minutes.
REQ-4.5c:	Recovery from a tripped state can occur only when below the trip setting minus 10 counts (trip hysteresis).
REQ-4.5d:	The background pulses will not be subtracted on the minute when the radcard is in “TEST” mode.
[bookmark: _Toc438123979]Trip Point Programmability and Security (TC-12)
Description and Priority
The v4.0 radcard trip settings will be programmed via an in-house programming unit, unlike the v3.0 radcard, which was programmed by a now defunct series of Palm PDA’s via a front panel serial port. This new programmer/tester will send the desired mRem/hr, in tenths, times 10, where it will be stored in an EEPROM as an integer. The TLM setting will be sent in nanoCoulombs/min, where it will be stored in an EEPROM as nanoCoulombs/min. The programmer/tester will program radcard trip settings via a combination of the front panel “TEST INPUT” spigot and the old “LOCAL COM” connector. The desired trip setting will be sent over the TEST INPUT as a series of pulses, with proper sequencing and acknowledge of signals provided by the re-purposed “LOCAL COM” The sequencing/acknowledging is currently a “To Be Determined” (TBA-2) item. 
The number of pulses sent, is simply the desired tenths of mRem/hr times 10. This is not the same signal format sent when testing the rad card. Very briefly, taking the case of programming a rate mode card, if one chose a trip setting of 10 mRem, 1000 pulses are sent into the TEST INPUT, processed by the software and stored in EEPROM as “100” (100 tenths of a mRem). In testing this rate card, the signal being sent would be a series of pulses coming at a rate of 1.11 Hz (rate which would deliver 10 mRem in an hour). It would be any number of pulses and but as soon as the card saw 10 pulses (nine periods) coming at a rate quicker than 1.11 Hz, it would trip.
In the case of a TLM, the number sent is the number of nanoCoulombs/min. 
The accuracy of the programmer is easily verified without the use of a NIST certified calibrator due to the fact that the setting is simply a number. That number is, either what you asked for, or not. It is easily verified via the Safety System rad monitor page which is required in the testing of the radcard. Like all radcards preceding it, this card is required to be tested after programming a trip setting. The trip setting is like-wise verified when performing the required 6 month testing of the Radiation Safety System.
Stimulus/Response Sequences
Attachment of the Programmer/Tester to the “LOCAL COM” port will result in a loss of the relay drives. The radcard will verify a properly entered and validated trip setting by automatically rebooting, thus putting the trip setting into effect. An error in programming, for whatever reason, will result in the “HI” and “LO” leds flashing in an alternating manner to alert the user. An improperly programmed card will be required to initiate the programming sequence from the beginning. A successful attempt will result in a reboot of the radcard with the new trip point in effect. The trip setting is stored in an EEPROM that prevents accidental writes via a separate “Write Protect” line. This line must be lowered to permit writing of the EEPROM memory locations.
Functional Requirements
The radcard will interface to the new programmer/tester via the front panel “TEST INPUT” via the old “LOCAL COM” port; now used as I/O signals.
REQ-4.6a:	The rad card relay drive will be removed (radiation safety system rad loops open) if/when the programmer/tester is attached to the “LOCAL COM” port.
REQ-4.6b:	The v4.0 radcard will be programmed via an in-house custom programming box using “TEST INPUT” port via the “LOCAL COM” port.
REQ-4.6c:	The trip setting will be input via the “TEST INPUT” in mRem/hr in the form of a number of pulses equal to the number of tenths of mRem/hr times 10 for all devices other than the TLM.
REQ-4.6d:	In the case of a TLM, the trip setting will be input via the “TEST INPUT” in nanoCoulombs/min in the form of a number of pulses equal to the number of nanoCoulombs.
REQ-4.6e:	The software will determine the validity of the trip point setting and if valid, store the value in EEPROM as a whole number of tenths of mRem or in nanoCoulombs. 
REQ-4.6f:		The “HI” and “LO” LED’s will flash alternately for indicating an unsuccessful trip point setting attempt.
REQ-4.6g:	The radcard will reset upon removal of the P/T programming cable. Successful programming of a trip setting will show the expected tripsetting on the rad monitor page upon reboot. An unsuccessful programming of a trip setting will result in the use of the old tripsetting.
REQ-4.6h:	The EEPROM Write Protect line will only be lowered while connected to the programmer/tester, and only upon correct receipt of a valid trip setting for the device.
[bookmark: _Toc438123980]Heartbeat/Watchdog System (TC-13)
Description and Priority
The software will strobe a watchdog circuit external to the micro-controller every 0.6 sec. The watchdog chip on the v3.0 radcard is a Maxim DS1232 watchdog chip which requires a strobe every 1.2 seconds. This design helps ensure that the code is not in an error condition. Reasons the processor may fail to send a pulse to the watchdog include, but are not limited to, code hang, code enters an infinite loop, code fails to return from interrupt, etc. In these cases, a drastic response is required. Both relay drives are removed and will be pulled low via a transistor on each pulse train line and the micro-processor will be reset. This is a high priority item.
Stimulus/Response Sequences
Upon the failure of the processor to strobe the Maxim DS1232 watchdog chip less than every 1.2 seconds, the DS1232 watchdog will respond as follows. The rad13 daughter board and processor will be reset which will remove the software generated pulse train that drives the rad loop relays. Additionally both the real-time and latched rad loop relay inputs will be pulled to ground breaking both loops.
Functional Requirements
The Maxim DS1232 watchdog chip residing on the v3.0 radcard needs to be strobed every 1.2 seconds and the software will perform that strobe every 0.6 seconds.
REQ-4.7a:	The software must strobe the Maxim DS1232 watchdog chip in intervals of 200 mSec during proper operation. While there can be some minor variation, the interval can be no longer than 1200 mSec under proper operation.
[bookmark: _Toc438123981]Local User Interface (TC-1, TC-14, TC-5, TC-6, TC-7, TC-10, TC-13, TC-14)
Description and Priority
The v4.0 radcard software will provide a local interface, using the existing radcard front panel. All features of the existing v3.0 radcard will remain operational except the local communications port which is re-purposed for the trip point programmer sequencing.
Stimulus/Response Sequences
In addition to providing the functionalities of the v3.0 radcard local user interface, an invalid trip point setting entry will result in both the “LO” and “HI” leds flashing in unison until the radcard is properly programmed.
Functional Requirements
The functional requirements for the front panel interface will remain the same and the requirements are listed below. Note: The RT and LL leds are not mentioned below as they are hard-wired to a set of contacts on the respective relays.
REQ-4.8a:	The status of the Failsafe Voltage will be reflected in the “FS” led.
REQ-4.8b:	The status of the I.D. Voltage will be reflected in the “ID” led.
REQ-4.8c:	The card mode status, rate or integrating, will be reflected in the “RA” and “INT” leds, respectively.
REQ-4.8d:	The current trip point setting that is in use will be reflected in the “LO” and “HI” leds.
REQ-4.8e:	In the case of trip setting programming error, both of the “HI” and “LO” LED’s will flash alternately to alert the user.
REQ-4.8f:		The status of the front panel “RUN/TEST” switch will be read and its status will be communicated back to the Safety System Computers.
REQ-4.8g:	The arrival of a pulse from the attached radiological monitoring device will be indicated by a toggling of the “DET”.
REQ-4.8h:	The correct operation of the heartbeat system (mcu activity) on the board will be reflected in a toggling of the “HB” led.
REQ-4.8i:		The receipt of a poll that matches the radcard’s assigned address will be reflected in a toggling of the “ADDR” led.
REQ-4.8j:		The arrival of pulses via the “TEST INPUT” connector on the front panel will be treated the same as pulses from the attached radiological monitoring device, when the front panel “RUN/TEST” switch is in the “TEST” position.
[bookmark: _Toc438123982]Network Communications (TC-14)
Description and Priority
The radcard will continue to use the existing Safety System 4-wire RS-485 polled network. The polling packet is simply a card address in the range $00 - $EF. The returned data packet is likewise simple. In the case of an “acknowledge’ of the poll (no data change on the radcard), the returned packet consists of an initial byte containing the payload size (number of “bytes to follow”) and an ID byte. In the case of a change in any data on the radcard, a “full data” packet will be sent. The packet consists of the payload size byte, the ID byte, and the fourteen bytes of radcard described below. Provision is to be made to recognize any poll in the range of $F0 - $FF as being a command followed by an address upon which to apply the command. The provision to trap these commands will be implemented, but the ability to act on a command will NOT be implemented.
	Byte
	Item
	Comment

	1
	permstat
	 -the 8 bits that make up the 8  possible trips

	2
	cardstat1
	 -8 card status bits

	3
	cardstat2
	 -8 card status bits

	4
	IntMin
	 -current integrating minute

	5-6
	counts
	 -current number of accumulated counts

	7-8
	LMcounts
	 -number of counts accumulated in last minute

	9-10
	--
	 -reserved (was estimated mins until reset eligible)

	11-12
	lotrip
	 -low trip point setting

	13-14
	hitrip
	 -high trip point setting


Stimulus/Response Sequences
The RS-485 communications network will run at 19.2K baud or 32.4K baud and is user selectable via a jumper on the radcard. The rad card is addressed locally via two hex switches and responds to this address ($00-$EF) when polled. The “ADDR” LED on the front panel will toggle on receipt of a valid poll. The radcard will then responds with a data packet as described above. A full data packet will be sent every fifteen valid polls regardless of data change.
Functional Requirements
The communication functionalities, differ from previous radcards with the addition of the id byte that follows the payload size and the ability to ignore command polls. The payload packet’ing remains unchanged from the previous radcard.
REQ-4.9a:	Read a pair of hex switches from the chassis that specifying the address to which the radcard will respond when polled. This will only be done at boot. Switch failure will be identified at the next card reboot.
REQ-4.9b:	Respond to an address in the range $00-$EF with a packet containing the card’s data in the packet format described above. Provision for ignoring addresses in the $F0-$FF will be made. The command will be identified as a command and responded to as an invalid poll.
REQ-4.9c: 	Adhere to data packet specification in section 4.10.1.
REQ-4.9d: 	Card will communicate at 19.2 k or 38.4 k, selectable via onboard jumper.
REQ-4.9e: 	Respond with an “acknowledge” packet when polled and data has not changed.
REQ-4.9f: 	Respond with a “full data” packet when polled and any data has changed.
REQ-4.9g: 	Respond with a “full data” packet when polled regardless of data change, every 15 polls.  
REQ-4.9h: 	Toggle the local ADDR led upon valid poll.  
[bookmark: _Toc439994696]


[bookmark: _Toc438123983]Appendix A: Glossary
rad13	
Refers to the daughterboard designed to replace the obsolete microprocessor on the v3.0 radcard.
relay drive	
Refers to the subsystem that provides a square wave signal to the rectified and filtered input of the two rad loop relays present on the radcard. Requires 8 conditions to be met before applying signal to relays. 
NXP LPC1114 microcontroller
A low cost 32-bit microcontroller running at 50MHz featuring built-in serial, i2c, clocking subsystems along with many general purpose I/O. The architecture in ARM Cortex M0 based.
real-time rad loop
An electrical loop that is the sum of all the real-time relays on the radcards that make up the real-time rad loop of a Radiation Safety System. 
latched rad loop
An electrical loop that is the sum of all the latched relays on the radcards that make up the latched rad loop of a Radiation Safety System. 
v3.0 radcard	
Refers to the existing radcard hardware which is at hardware revision 3.0.
v4.0 radcard	
Refers to the combination of the v3.0 radcard hardware, using the new rad13 daughterboard instead of the original microprocessor.
v4.0 software	
Refers to the software being specified in this document, destined to run on the rad13 daughterboard driving the v3.0 rad card.

[bookmark: _Toc439994698][bookmark: _Toc438123984][bookmark: _Toc439994697]Appendix B: Collected Requirements
[bookmark: _Toc438123985]The requirements stated in section 4 are gathered here for ease of reference.
REQ-4.1a:	The software must find that all eight of the conditions required by the rad card relay drive are satisfied before issuing the relay drive signal and must remove said drive signal upon failure to meet any of the conditions.
REQ-4.2a:	The radiation condition required by the relay drive will compare the radiological levels of the attached radiological device, and the assigned trip setting. In the event the assigned trip point is exceeded the radiation condition will be removed, thus disabling the relay drive.
REQ-4.2b:	The type of radiological device requested (dip switches sw0-sw3) must be a valid device for the selected mode of operations and may not have multiple devices selected nor no device selected. The violation is not recoverable and the card must be rebooted with proper device selection.
REQ-4.2c:	Any loss of the Failsafe Voltage signal or improper polarity will result in the loss of the permit to the rad loop relays.
[bookmark: _GoBack]REQ-4.2d:	In the case of the FSV Condition being met, the FS front panel led will be lit. In the case of failure, the FS led will remain extinguished.
REQ-4.2e:	Any loss of the Identification Voltage signal or improper polarity will result in the loss of the permit to the rad loop relays.
REQ-4.2f:		In the case of the IDV Condition being met, The ID front panel LED will be lit. In the case of failure, the ID LED will remain extinguished.
REQ-4.2g:	At boot, the mode switches, sw4 (rate) and sw5 (integrate) will be checked to determine the mode. If the mode is determined to be integrating, the Mode Condition will be considered to have been met if the device is not a Scarecrow.
REQ-4.2h:	At boot, the mode switches, sw4 (rate) and sw5 (integrate) will be checked to determine the mode. If the mode is determined to be rate, the Mode Condition will be considered to have been met if the device is not a TLM. 
REQ-4.2i:		If at boot the mode switches are determined to be inaccurate (both or neither closed) the condition will be considered a failure and will result in the loss of the Mode condition, preventing the relay drive.
REQ-4.2j:		In the case of the Mode Condition being met, the appropriate, rate or integrate front panel LED will be lit. In the case of the Mode Condition failing, the hi/lo leds will flash alternately.
REQ-4.2k:	At boot a settings lightweight XOR checksum consisting of the trip settings and the software version will be calculated and must match that retrieved from the EEPROM.
REQ-4.2l:		Attachment of the P/T and its programming cable will result in a violation of this condition. This will be monitored continuously. 
REQ-4.2m:	The change in software version will violate this condition and require re-programming. 
REQ-4.2n:	The radcard must receive a pulse within any 120 period or the missing pulse condition will go into error.
REQ-4.2o:	In the event the restoration of pulses the condition will clear and is recoverable (no reboot required).
REQ-4.2p:	In the event of a missing pulse condition failure, the “DET” front panel LED will be extinguished.
REQ-4.2q:	The presence of different logic levels on the Hi/Lo trip point request inputs will violate this condition.
REQ-4.2r: 	Adhere to local interface specification in section 4.8. 
REQ-4.3a:	In the case of the Chipmunk radiological monitoring device, a pulse (or count) will indicate 2.5 uRem of radiation.
REQ-4.3b:	In the case of the Scarecrow radiological monitoring device, a pulse (or count) will indicate 25 uRem of radiation.
REQ-4.3c:	In the case of the FOX radiological monitoring device, a pulse (or count) will indicate 1 uRem of radiation.
REQ-4.3d:	In the case of the TLM radiological monitoring device, a pulse (or count) will indicate 1 nano Coulomb of charge.
REQ-4.4a:	Remove the radiation condition required by the relay drive upon receipt of 10 consecutive radiological pulses of period less than that specified by the trip point setting.
REQ-4.4b:	Restore the radiation condition required by the relay drive upon receipt of 4 consecutive radiological pulses of period greater than, or equal to, that specified by the trip point setting.
REQ-4.5a:	Implement the integrated time interval as described above.
REQ-4.5b:	Subtract background based on the type of radiological device. In the case of the FOX, 4.5 cts/min, we cannot subtract off a half count so subtract off 4 cts, then 5 cts in alternating minutes.
REQ-4.5c:	Recovery from a tripped state can occur only when below the trip setting minus 10 counts (trip hysteresis).
REQ-4.5d		The background pulses will not be subtracted on the minute when the radcard is in “TEST” mode.
REQ-4.6a:	The rad card relay drive will be removed (radiation safety system rad loops open) if/when the programmer/tester is attached to the “LOCAL COM” port.
REQ-4.6b:	The v4.0 radcard will be programmed via an in-house custom programming box using “TEST INPUT” port via the “LOCAL COM” port. 
REQ-4.6c:	The trip setting will be input via the “TEST INPUT” in mRem/hr in the form of a number of pulses equal to the number of tenths of mRem/hr times 10 for all devices other than the TLM.
REQ-4.6d:	In the case of a TLM, the trip setting will be input via the “TEST INPUT” in nanoCoulombs/min in the form of a number of pulses equal to the number of nanoCoulombs.
REQ-4.6e:	The software will determine the validity of the trip point setting and if valid, store the value in EEPROM as a whole number of tenths of mRem or in nanoCoulombs. 
REQ-4.6f:		The “HI” and “LO” LED’s will flash alternately indicating an unsuccessful trip point setting attempt.
REQ-4.6g:	The radcard will reset upon successful programming of a trip setting.
REQ-4.6h:	The EEPROM Write Protect line will only be lowered while connected to the programmer/tester, and only upon correct receipt of a trip setting.
REQ-4.7a:	The software must strobe the Maxim DS1232 watchdog chip in intervals of 200 mSec during proper operation. While there can be some minor variation, the interval can be no longer than 1200 msec. under proper operation.
REQ-4.8a:	The status of the Failsafe Voltage will be reflected in the “FS” led.
REQ-4.8b:	The status of the I.D. Voltage will be reflected in the “ID” led.
REQ-4.8c:	The card mode status, rate or integrating, will be reflected in the “RA” and “INT” leds, respectively.
REQ-4.8d:	The current trip point setting that is in use will be reflected in the “LO” and “HI” leds.
REQ-4.8e:	In the case of trip setting programming error, both of the “HI” and “LO” LED’s will flash in unison to alert the user.
REQ-4.8f:		The status of the front panel “RUN/TEST” switch will be read and its status will be communicated back to the Safety System Computers.
REQ-4.8g:	The arrival of a pulse from the attached radiological monitoring device will be indicated by a toggling of the “DET”.
REQ-4.8h:	The correct operation of the heartbeat system on the board will be reflected in a toggling of the “HB” led.
REQ-4.8i:		The receipt of a poll that matches the radcard’s assigned address will be reflected in a toggling of the “ADDR” led.
REQ-4.8j:		The arrival of pulses via the “TEST INPUT” connector on the front panel will be treated the same as pulses from the attached radiological monitoring device, when the front panel “RUN/TEST” switch is in the “TEST” position.
REQ-4.9a:	Read a pair of hex switches from the chassis that specifying the address to which the radcard will respond when polled. This will only be done at boot. Switch failure will be identified at the next card reboot.
REQ-4.9b:	Respond to an address in the range $00-$EF with a packet containing the card’s data in the packet format described above. Provision for ignoring addresses in the $F0-$FF will be made. The command will be identified as a command and responded to as an invalid poll.
REQ-4.9c: 	Adhere to data packet specification in section 4.10.1.
REQ-4.9d: 	Card will communicate at 19.2 k or 38.4 k, selectable via onboard jumper
REQ-4.9e: 	Respond with an “acknowledge” packet when polled and data has not changed.
REQ-4.9f: 	Respond with a “full data” packet when polled and any data has changed.
REQ-4.9g: 	Respond with a “full data” packet when polled regardless of data change, every 15 polls.  
REQ-4.9h: 	Toggle the local ADDR led upon valid poll. 



