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[bookmark: _Toc439994665][bookmark: _Toc449435455]Introduction
[bookmark: _Toc439994667][bookmark: _Toc449435456]Purpose 
This document is intended to give the reader an overview of the entire Radiation Monitoring Interface v4.0 project, commonly referred to as the “rad13”. The project incorporates hardware and software into an existing software and hardware framework to remain compatible with existing AD/ESH Safety System. It also allows for improvements in both, as well as enabling future improvements. It also extends capabilities to monitor new radiological devices.

The rad13 project shares an existing daughterboard which was used in the recent aart upgrade project. The board was designed in the hopes of leveraging the hardware and a lot of the software to cost effectively update the 12-year-old Radiation Monitoring Interface v.03 as well as the 15-year-old aart data acquisition card. (As a side note, the microcontroller design has been modified to other uses by maintaining the core microcontroller elements and drivers, allowing another leveraging of existing design effort.). The previous Radiation Monitoring Interface v3.0, was running an obsolete microcontroller chip that was NOT re-programmable. The hardware and software aspects and how they fit in with the existing system will be outlined in this document.

Figure 1.   The daughterboard, measuring a small 2” by 2” is shown below. The photo on the right shows the PLCC84 “plug” that allows the daughterboard to drop into the previous microcontroller’s PLCC84 socket. 
[image: ]
[bookmark: _Toc439994668][bookmark: _Toc449435457]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 previous radiation monitoring interface hardware, which is at hardware revision 3.0. and will be used in conjunction with the new rad13 daughterboard.
v4.0 radcard	refers to the combination of the v3.0 radcard hardware using the new rad13 daughterboard instead of the original microprocessor. The official name being the Radiation Monitor Interface.
[bookmark: _Toc439994669][bookmark: _Toc449435458]Intended Audience and Reading Suggestions
This document is intended for the developer(s), reviewers, and interested parties of the v4.0 Radiation Monitor Interface. 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.
Those reading 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: _Toc449435459][bookmark: _Toc449435460][bookmark: _Toc439994682]Project Scope
The radiation monitor interface v4.0 software is implemented using the ‘C’ language running on an ARM Cortex M0 processor (NXP LPC1114). This is a lower end, cheap, ARM Cortex-M microcontroller. The software will drive the hardware of the existing v3.0 radcard. The radiation monitor interface v4.0 (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 from previous versions of the interface, but are now implemented in the ‘C’ programming language. The ‘C’ language was chosen as it provide a more readable/modifiable source code versus the previous assembly language implementation. The ‘C’ still allows the close tie between software and hardware found with the assembly language of previous versions of the interface. The currently unsupported radiological devices, the FOX and TLM are incorporated using the same algorithms with calibration factor changes. As with previous radiation monitor interfaces, the v4.0 interface 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.
Project Documentation
The “Radiation Monitor Interface v4.0 Information Form”, below, lists the documents relevant to the project and documents their location. I have also included some other documents that may be of assistance in the document directory.
[bookmark: _Toc444607661]RADIATION MONITOR INTERFACE v4.0 Document Information Sheet
Completed By: Gregory A. Giese
Scope, Requirements, Specifications, Description, Pseudo Logic, Reviews, and Test Procedures
	Title
	Location

	Radiation Monitor Interface v4.0 Project Overview                                                         (Word)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Flow Chart Package                                                        (SmartDraw/pdf)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Software Requirements Specification                         (Word)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Software Test Cases                                                    (Excel)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Microcontroller Pin Assignments                               (Excel)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Waveform Package                                                     (USBee/docx)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Radiation Calculation Worksheet                               (Excel)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Programmer Action/Response Diagram                     (Excel)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 NXP LPC1114 Data Sheet                                          (pdf)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 NXP LPC1114 User Manual                                       (pdf)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Peripheral Chip Datasheet Collection                         (pdf)
	Y:RAD13 Folder

	Radiation Monitor Interface v4.0 Aart Network Packeting                                              (Excel)
	Y:RAD13 Folder


System Diagrams and Schematics
	Number & Title
	Location

	Safety System Radiation Monitor Interface board 13110-ED-377527
	EE Support Drafting

	Safety System LPC1114 MCU Board 1310-ED-3777762 (rad13/aart13 daughterboard)
	EE Support Drafting




Board Layouts
	Number & Title
	Location

	Safety System LPC1114 MCU Board 1310-ED-3777763 Printed Circuit Board Package
	EE Support Drafting


Parts Lists
	Number & Title
	Location

	Radiation Monitor Interface v4.0 Parts List/Bill of Materials                                                (Excel)
	Y:RAD13 Folder



Hardware Considerations
[bookmark: _Toc439994674][bookmark: _Toc449435461]Project Perspective
The radiation monitor interface v4.0 is the latest of four versions of the radiation monitor interface. The original v1.0 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 radiation monitor interface, 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 radiation monitor interface added the ability to run in either rate repetition or integrated time modes, and featured an upgraded 68HC11P2 processor. It also interfaced directly to the Safety System Computer data acquisition system without the need for a separate data acquisition card. 
The radiation monitor interface v3.0 is about 12 years old and the microcontroller driving it has become obsolete. In an effort to prevent a situation where accelerator availability was affected by lack of interfaces, due to lack of spare parts, the radiation monitor interface v4.0 was conceived. Dual purpose use of the daughterboard being designed for the data acquisition card was considered and implemented. During the design process attention was paid to the similarities of the two microcontrollers being replaced and the daughterboard was designed such that it would run on either a radiation monitoring interface (radcard) or a data acquisition card (aart) with a minimal number of changes required to define the board’s “personality”.

Figure 2. Pictured below is the daughterboard, with an “aart” personality, in a data acquisition card application identified by the red square. A radiation monitor interface is shown in Figure 3. 
[image: ]


Figure 3. Pictured below is the same daughterboard, with a “radcard” personality in a radcard v4.0 application as identified by the red square. 

[image: ]

[bookmark: _Toc449435462]Design and Implementation Constraints (Compatibility)
The v4.0 hardware interfaces with the existing v3.0 radcard hardware via the rad13 daughterboard and therefore must be compatible in all respects. The existing microcontroller is removed and the daughterboard drops into the existing PLCC84 chip socket via a PLCC84 SMT plug attached to the bottom of the rad13 daughterboard, see Figure 1.

All the existing Fermilab radiological devices are supported as are all the hardware interfaces to the existing Safety System infrastructure. 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. All pins of the existing microcontroller are mapped to the daughterboard and are functionally equivalent.
Implemented in this manner the radiation monitoring interface v4.0 utilizes existing junction box motherboards as well the existing radiation monitor interface chassis.
[bookmark: _Toc449435463]Improvements
The radcard v4.0 hardware has many improvements. The hardware supports two new radiological devices, the FOX and the TLM natively, without having to add extra junction box circuitry and having to enter modified trip points to simulate the newer device’s trip settings. This was accomplished by using unused switches on the radcard v3.0, in conjunction with the improved v4.0 software. The rad13 daughterboard allows the use of a checksum that incorporates trip settings and software version. This which was not possible with the previous “one time programmable” microcontroller. The checksum resides in a separate onboard EEPROM device. The local communications capabilities were upgraded to accommodate an in-house trip setting programming device. This replaces the previous Palm PDA interface which has also become obsolete and is endangering the ability to program current v3.0 radcards.
The most important hardware improvement would be the use of the 32-bit NXP ARM Cortex M-0 microcontroller. The microcontroller runs at over ten times the clock speed as the previous microcontroller. It also has tem times the RAM and supports 24K bytes of flash so the software can be upgraded and maintained without tossing the microcontroller on each iteration of the software. The ARM controller also has many built-in subsystems. One of the most important subsystems is the I2C bus which allowed adding as much I/O as needed and getting it nearest the pre-existing I/O pins as possible allowing the small size of the rad13 daughterboard.
[bookmark: _Toc439994679][bookmark: _Toc449435464]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 “Radcard13” folder of the AD/ESH share on the Y: drive.)
[bookmark: _Toc449435465]Software Considerations
[bookmark: _Toc449435466]Project Perspective
The project moved development from the Assembly language world to the ‘C’ language world providing a much more readable, structured coding environment, and a substantial savings of time. In addition it allowed the use of a modern integrated development environment (IDE). The project was developed using the Eclipse/CDT IDE which leveraged our existing experience with the IDE. The Eclipse/CDT environment is already used to develop all Safety System Computer applications as well as all development of our LEPR’s, remote data acquisition consolidation units.
Use of the Eclipse/CDT IDE in AD/ESH embedded projects with the ability to add plug-ins now allows the use of static analysis tools incorporated directly into the IDE allowing a stronger development effort. We can also directly interface with “git” version control making things much more robust than simple backups.
[bookmark: _Toc449435467]Design and Implementation Constraints (Compatibility)
The v4.0 software must drive 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. 
The software meets 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 must accurately use the existing Safety System Computer data acquisition system protocols.
[bookmark: _Toc449435468]Improvements
The radcard v4.0 software allows a tremendous improvement in the accuracy of rate settings at the high end of acceptable trip levels. The rate mode period is defined as a number of timer clock cycles occurring between device pulses. Using the old microcontroller at higher trip settings could become somewhat inaccurate. For example a 500 mRem Chipmunk would have only 8 timer counts defining its period. This could result in a possible 10% error as a tripsetting of 549 mRem also had only 8 clock cycles defining the period. The number of timer clock cycles would drop to 7 for the 550 mRem tripsetting. The radcard v4.0 software in running on the ARM microcontroller reduces this potential error to 0.00% as 288,000 timer clock cycles define the same 500 mRem period. The tripsetting range limits (and accuracy) for the radiation monitor interface has expanded to the point that one should use the mux system as the determining factor for tripsetting limits.
The software incorporates use of a new in-house designed programmer that conveys the tripsetting in 10ths of mRem/hr as a number. It does NOT send the tripsetting in a number of pulses each equal to some amount of radiation based on the type of device being monitored. Each pulse is defined as the number of 10ths of a mRem. For example, if the radcard receives 2000 pulses when being programmed, it is set at 200.0 mRem/hr, regardless of the radiological device attached, chipmunk, scarecrow, or FOX. It is the same for all radiological devices because we are sending the desired tripsetting in 10ths of mRem/hr. It is the same number if the card is in integrated time mode. The 2000 pulses is 200.0 mRem/hr.
Note: To avoid confusion in the explanation above, I purposely avoided the tripsetting of the Total Loss Monitor (TLM). The TLM uses units of nanoCoulombs of charge rather than mRem. One nanoCoulomb of charge is indicated by one pulse from the TLM. The TLM runs in integrated time mode ONLY and uses nanoCoulombs per minute (nC/min) as it’s tripsetting. Following the devices described above, the tripsetting is programmed in 10ths of nC/min.
[bookmark: _Toc449435469]Future Capabilities
The software now has the ability to be updated whenever one wishes. Bugs can be eliminated or features added, in the time it takes to retrieve a card, program it, and test the associated Radiation Safety System. There is now the possibility of changing/upgrading the packet size and structure now without a catastrophic dismantling of the data acquisition system. We can identify the interface that is responding and make improvements as we need them. We can add new radiological devices as they are invented or modified.
[bookmark: _Toc449435470]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: _Toc449435471]External Interface 
[bookmark: _Toc449435472]User Interfaces
[bookmark: _GoBack]The user interface has improved a bit. We can now indicate a error on the front panel of the radcard. This is done by alternately flashing the LO and HI leds rapidly, a condition that cannot occur and is quite obvious.
The Palm PDA tripsetting programming paradigm has been eliminated in favor of an in-house solution, the “Programmer/Tester”, so as to avoid the obsolescence issue that plagued the Palm PDA solution within 5 years of inception. The workings of the Programmer/Tester are described in its documentation
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