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ABSTRACT

1-wire communications is a relatively new topic that has received much attention due to its simplicity and low cost network architecture based on a PC controller communicating digitally with 1-wire components.  These components include switches and A/D converters, both of which serve as backbones to successful electrical power systems control systems.  The PC controller makes various custom designed electrical power systems control configurations obsolete, and the 1-wire architecture eliminates the need for complex control line schemes.  Hardware development and complexity are reduced in a 1-wire electrical power systems control scheme and software is introduced.  As electrical power systems become larger and more complex so too do the control schemes for these power systems.  Thus, it is desirable to have an electrical power systems control configuration that can control complex electrical power systems, is reconfigurable to fit the needs of as many missions as possible, has standardized hardware components, and whose complexity does not increase proportionally with the power systems or number of power systems it controls.  For these reasons the software must be flexible enough to be modified for different mission desires while system hardware components are standardized.

INTRODUCTION

This report will give an overview of 1-wire architecture, discuss the scope of my project, the problems involved, the methods of solution, and the results achieved.  My project was to design and fabricate a 1-wire electrical power systems control system that reduces power systems control design time and complexity, is reconfigurable and is user-friendly.    I will attempt to show how I designed an electrical power systems control system capable of fulfilling these requirements, but first it is necessary to provide some background on technology used in this design.
1-WIRE OVERVIEW

“1-wire” refers to a protocol that relies on one data line and one ground line to form a master-slave configuration between a controller, a computer in this case, and a network of 1-wire devices.  RS-232 COM port command data from the computer is converted to 1-wire data and vice-versa via a 1-wire DS-9097U COM port adapter.  This conversion process allows the computer to “talk” to 1-wire devices and vice-versa.  
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CPU RS-232  (  DS9097U Conversion (  1-Wire Net Communications
Figure 1:  DS9097U functionality

All 1-wire components are uniquely identified, with a 64-bit registration number, by the controller.  The 64-bit registration number resides on the read-only memory (ROM) of each device.  This number provides each device with a serial number, offers error checking, and provides a family code that indicates to the controller what kind of device is present    The first 8-bits form a cyclic redundancy checksum (CRC) to detect errors, while the next 48-bits make up the serial number field, and the final 8-bits identify what kind of device is present.  The controller addresses all 1-wire devices by serial number, and since all 1-wire devices have unique serial numbers (248 possible addresses) there should never be an address conflict on a 1-wire net.  
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Figure 2: 64-bit Registration Number Format

To initiate communications with a 1-wire device the controller will issue a reset pulse to force all devices active before selecting a device to communicate with based on serial number.  When a 1-wire device has been selected for a communication session it is notified by the computer and sends an acknowledgement signal back to the computer.  All other 1-wire devices residing on the 1-wire net will enter a “sleep” state at this point; they can’t send information or receive commands.  This scenario gives exclusive use of the 1-wire net to the controller and a single 1-wire device, thus reducing bus traffic and possible communication errors.  A communication session will end when the computer, after having finished sending 1-wire instructions to the device involved in the session, sends a reset pulse that brings all 1-wire devices to an active state once again.

Based on the device registration number the controller computes what the 8-bit CRC should be.  If the computed 8-bit CRC does not match the CRC on the device ROM an error is flagged and noted.  The CRC is not an error correcting code or an extravagant error detecting code.

Each 1-wire device, the DS2406, DS9097, DS2450, DS2409, etc., contains a unique family code.  The family code allows the controller to identify which devices are present on the 1-wire net and consequently which instructions can be executed.

In summary, the CRC detects errors, the serial number differentiates all 1-wire devices to prevent possible communication conflicts, and the family code differentiates between types of 1-wire devices.
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Figure 3:  1-Wire Communication Protocol


This communication protocol does not come without a price though.  Since all communications between the computer and 1-wire devices take place on a single data line a communication overhead is introduced.  At a maximum, a data rate of 14.4 kilobits/second can be attained.  This overhead can be expanded, thus reducing the maximum data rate, depending on how much error checking is deemed appropriate.  There will always be some overhead due to addressing.  Also, the more 1-wire devices that are present in a system, the slower the communication processing on average.  Programming practices also contribute to the actual data rates attained.  Lastly, the ability to control two or more electrical power systems simultaneously is taken away by the 1-wire network architecture. 
SCOPE

The scope of this project extends from conceptualization, understanding 1-wire communications and how it can improve and streamline electrical power systems control, to reality, the fabrication and successful implementation of a 1-wire electrical power systems control system.  During the conceptualization phase I envisioned what I wanted the 1-wire electrical power systems control system to be.  I took the vague requirements developed during conceptualization and began to break them down into more specific requirements as the project evolved.  The more specific requirements became my derived requirements, which introduced my conceptual design to real world criteria.  A preliminary design was completed after much research and testing of 1-wire devices and power switching components.  When the preliminary design was complete I laid it out on a breadboard and tested it with generic JAVA GUI (graphical user interface) software, OneWireViewer, developed at Dallas Semiconductor, the producers of the 1-wire devices.  All 1-wire devices have specific API’s (Application Program Interfaces) to facilitate communications with the controller, and these API’s were used in the GUI to establish communications.   My breadboard design functioned as expected, but I was determined to improve on my design by choosing better components.  For instance, The MOSFET switch (IPS521) ON resistances were too high for low power applications and they were too bulky.  Also, the 1-wire switches, which came in a TO-92 package, were too fragile, I thought, to be used in a circuit board design that would be subjected to harsh environments.  The desire to develop a graphical user interface specifically designed for this project came to the forefront too, because the OneWireViewer could not meet project requirements.  The hardware and software are not exclusive entities for 1-wire electrical power systems control, as each relies heavily on the other.  Since system hardware is going to be standardized, system software must be flexible, and for the 1-wire electrical power systems control system OneWireViewer did not offer this flexibility.

After researching different 1-wire components I came across a dual addressable switch housed in a 6-pin TSOC package.  Not only did I find a part that was less environmentally sensitive, but I also got a dual addressable switch in a single package, which reduced the footprint of my 1-wire electrical power systems control circuit board.

Around the same time I came across a power MOSFET switch from International Rectifier that offered a lower ON resistance at the expense of some sensing and monitoring characteristics.  I could live with this, because the benefits offered by lower ON resistances outweighed the extra monitoring capabilities.  I integrated the power MOSFET switch, the IPS 5551, into my design along with the DS2406 TSOC packaged 1-wire dual addressable switch and obtained desirable results.

Upon getting to a position where I had tested and felt comfortable about the hardware components and my hardware design as a whole I turned my attention to software, specifically a graphical user interface that would be able to control and monitor the power switching of the 1-wire electrical power systems control circuit board.  I accomplished this task using Labview and the associated 1-wire library for Labview.  The 1-wire library for Labview application program interface (API) is used to communicate with 1-wire devices within the Labview programming environment. I chose this API because it was tailored for Labview and I was familiar with Labview.  The quick development time and the quality graphical user interfaces that can be produced in Labview were other deciding factors in this choice.  Other 1-wire application program interfaces exist for languages such as C, JAVA, and Visual Basic Script.  Writing a quality GUI in one of these languages would have taken much more time and effort.  The development of a quality GUI for the system that could “talk” to all 1-wire components on the 1-wire electrical power systems control circuit board, followed by revision after revision, brought the project to completion.  
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This is a broad overview of the process I used to take the original set of requirements, break them down into more refined derived requirements, and use them to develop a real, functioning system.  Table 1 shows the requirements I laid out during the conceptualization phase along with the derived requirements I formed through research and testing. 

Figure 4:  1-Wire Electrical Power Systems Control System Top-Level System Diagram
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Requirements
· Develop a new Electrical Power Systems Control Package that is Characterized by:

· Less Control Lines

· No Mechanical Parts

· Better Monitoring Capabilities

· More Modularity

· Lower Control Voltages

Derived Requirements

· This package will consist of a laptop computer running a Labview VI that initiates communications with 1-wire devices that monitor and perform switching operations on electrical power systems.

· 1-wire switches, 1-wire A/D converters, and power MOSFET switches will provide better monitoring capabilities and eliminate the need for mechanical parts on the 1-wire electrical power systems control circuit board.

· A data line and its associated ground line will control all electrical power systems in the design.

Table 1:  Project Requirements & Derived Requirements

PROBLEMS INVOLVED AND METHODS OF RESOLUTION

Now I will discuss problems encountered during this project.  The first obstacle presented to me was to come up with a hardware design.  The preliminary hardware design, more so than the design revisions, required testing and verifying components that I planned to use.  I also had to verify that the components could work together effectively to deliver power as desired.  For instance, the DS2406 1-wire dual-addressable switch and the accompanying +5 volt bias had to be able to drive the power MOSFET switch.  The second problem was to design software that would allow the computer to communicate with the 1-wire components via a graphical user interface.  The two obstacles outlined above are interrelated in as much as a redesign of the hardware will more than likely affect the software design.  My last dilemma was to develop a system that could survive harsh environmental conditions that may be encountered during a mission.  Below I will attempt to show how I resolved these difficulties to develop a functional 1-wire electrical power systems control system.

The first steps taken to create an effective hardware design were to identify what 

Figure 5:  1-Wire Electrical Power Systems Control Circuit Board
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the system as a whole was to do, identify which components could be used in 

combination to accomplish system functionality, and build and test the design via breadboard.  Research and testing tackled the first two difficulties, but the latter, the design, required hardware development, a software element, and a lot of testing.  The software used during testing was generic and was designed to get people familiar with 1-wire devices.  The software used was the aforementioned OneWireViewer.  After testing the initial circuit with OneWireViewer circuit refinement was sought.  Also at this point it became painfully obvious that a generic 1-wire GUI would not serve the needs of this specialized project.  A custom GUI would be needed.  Refinements and revisions took place constantly on the breadboard for a couple of months until I felt comfortable with a hardware design.  A schematic of the final 1-wire primary circuit board design is shown in figure 5.  Note that all 1-wire devices are pictured in block form with pin-outs shown.  This allows the reader to concentrate on circuit functionality without concerning themselves with the “internal” operations of the 1-wire components.  See Appendix A for 1-wire device pin-outs and descriptions of all major components of the 1-wire electrical power systems control system.  More detail on 1-wire devices and the IPS 5551 power MOSFET switch can be obtained at the websites www.dalsemi.com and www.irf.com respectively.  All components that I chose to use in my design were verified for proper functionality before being integrated into the 1-wire electrical power systems control circuit board.

The software that establishes communications between the computer and the 1-wire devices was also problematic during project development.  The codependency of the software on the hardware and vice-versa exacerbated the software difficulties.  For this reason the hardware and software were refined largely in parallel after I had programmed my initial Labview GUI.  This slowed development time, but on the positive side the codependence will allow the 1-wire hardware designs, both circuit boards and interface cables, to become standardized and modular.  The Labview programming language was chosen for the software development portion of the project because it is intuitive in nature, allows for easy modifications due to changing requirements, and quality GUI’s can be developed and/or modified quickly and easily.  Software development time was cut drastically with my selection of the Labview programming language.  I feel certain project development would not be near where it is at today had I chosen to use a different language.  Revisions to the hardware design would have taken a lot more time to implement on the software side.  The largest problem faced in the beginning of software development was the translation of what I wanted the circuit to do into Labview “code”.  For instance, it was my first exposure to programming 1-wire devices, and if these devices weren’t programmed correctly questionable results could emerge.  An example is the DS2406 dual addressable switch, which can be used for sensing or switching operations depending on how it is programmed.  I used OneWireViewer frequently during the initial stages of software development to verify that my Labview “code” was correct, and that the hardware was working as expected.  Today I am more proficient at writing “code” for 1-wire devices and the 1-wire electrical power systems control circuit board.  My dependence on OneWireViewer is gone.  Hard work, long hours, and discussing my difficulties with the makers of the 1-wire API for Labview enabled me to overcome this obstacle.  In fact, I now enjoy 1-wire programming and have used what has been learned during my experiences to develop other 1-wire systems.

I have developed many graphical user interfaces for the primary 1-wire electrical power systems control circuit board design.  A sampling of these GUI’s as well as a GUI for automated testing of the 1-wire primary electrical power systems control circuit board is displayed in figure 6(a, b, c).
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Figure 6(a):  1-Wire Electrical Power Systems Graphical User Interface w/ digital voltage/current readouts
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Figure 6(b):  1-Wire Electrical Power Systems Graphical User Interface with System Voltage and Current Graphical Displays
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Figure 6(c):  1-Wire Primary Electrical Power Systems Control Circuit Board Automated Test 


The GUI’s in figures 6(a) and 6(b) were written with the same “code”.  I emphasize “code” here because Labview is unlike any other programming language.  There is limited text based code and in fact most of the code is of a graphical nature.  I have found this language to be very easy to learn which is another reason I chose Labview to develop my GUI; the code will be easy to modify for someone without much programming experience.  Figure 7 shows a screen display of 1-wire electrical power systems control system “code”. 

Figure 7: 1-Wire Electrical Systems Power Control System “Code”
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This is only a portion of the code used to develop the 1-wire electrical power systems control system.  For further information, including information on sub-VI’s used, see appendix B.


My final concern was environmental conditions that the system, specifically the 1-wire devices and MOSFET switches, may face during a mission.  For instance, some 1-wire devices from the same family come in different package styles and offer different capabilities.  I chose components that were more suitable for integration into a circuit board and harsher environments.  Project development is now at a stage where environmental testing can commence, and if my design can survive harsh simulated environments I’ll feel good in knowing that my forethought didn’t go to waste.

Results Achieved


The project has yielded a working 1-wire electrical power systems control system that is modular and relies on reconfiguring software for changing mission requirements.  Figure 8 shows images of a 1-wire electrical power systems control system; the controlling computer running the Labview GUI and the 1-wire primary electrical power systems control circuit board.  The hardware and software portions of this project have been proven to operate properly.  Currently four systems have been verified on the primary 1-wire electrical power systems control circuit board, but the hope is to expand this in the future by daisy chaining boards together, thus expanding the 1-wire net.  I have proven at least eight electrical power systems can be controlled on the 1-wire net via breadboard design.  See Appendix C for schematics of all 1-wire circuit boards and interface cables.  These circuit boards and cables represent advancement to larger electrical power control systems.  The hope is to environmentally qualify a complete 1-wire electrical power systems control system in the near future.    

Conclusion


This paper has discussed the scope of the 1-wire electrical power systems control project, the problems involved during project maturity, the solutions considered and used for those problems, and the results obtained.  A working 1-wire electrical power systems control system has been achieved.  The 1-wire control scheme makes the design and fabrication of an electrical power systems control system easier by standardizing and simplifying hardware at the expense of introducing software.  The 1-wire electrical power systems control system has accomplished its intended purpose, but further enhancements can and will be made in the future to make it more robust.
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Figure 8:  1-Wire Electrical Power Systems (4) Control Circuit Board

Figure 9:  1-Wire Electrical Power Systems Control GUI (4 Systems) 

Appendix A

1-Wire Component Descriptions & Pin-outs

Two 1-wire components were used in the design of the 1-wire primary power systems control circuit board.  DS2406 1-wire dual addressable switches in a 6-pin TSOC package were implemented in the design, as were DS2450 1-wire quad A/D converters in an 8-pin SOIC package.   



The DS2406 package consists of a pair of open-drain transistors that act as switches that are remotely controlled by the computer.  This device has a family code of 12H.

The DS2450 has a 0 to +5V monitoring range.  Resolution of the device, 8 to 12 bits, is programmed into the device prior to operation.  This device has a family code of 20H.

The DS9097U, the 1-wire COM port adapter, has a family code of 09H.



The IPS5551 Super TO220 package MOSFET switch pin 1, the gate, is biased from 0 to +5V, turning the power system under control either ON or OFF.  VCC, pin 2, acts as the source and pin 3 acts as the MOSFET drain.  

Appendix B

1-Wire Electrical Power Systems Control

Labview Graphical User Interface

In order to understand the 1-wire electrical power systems control system as a whole it is crucial to understand how the controlling 1-Wire API for Labview functions in collaboration with Labview itself.


Figure B-1: System Initialization

During the initialization phase of the program all systems are OFF.  The user, however, can change this if one or more systems are requested to be ON at the time of system initialization.  The sub-VI OwAcquire, shown in the block schematic above, helps assume control of the RS-232 computer COM port and consequently the 1-wire net.

Appendix B

1-Wire Electrical Power Systems Control

Labview Graphical User Interface


Figure B-2: Program Control

After the initialization phase the program enters an infinite loop and the loop will not end until the computer controller elects to end the loop.  A Boolean control going to a “continue if true” condition determines when the program will stop.  A “stop if true” conditional terminal would have also worked if the ‘not’ terminal between the blocks was eliminated.

Appendix B

1-Wire Electrical Power Systems Control

Labview Graphical User Interface

Figure B-3:  1-Wire Dual-Addressable Switch (Power) Control

The DS2406, being a switching mechanism, is identified with a registration number.  The registration number, in hexadecimal form, is noted above.  Also, note the “System 1 Command Parameters” control icon.  This control is responsible for programming the DS2406 dual addressable switch for desired operation.  Also, note the Boolean controllers, the Boolean elements on the left side of the block schematic, that are responsible for toggling the electrical power systems.  The four Boolean indicators on the right side of the diagram indicate if an electrical power system is ON or OFF and if the dual addressable switch is operating properly.  This block of “code” takes place within the infinite loop.

Appendix B

1-Wire Electrical Power Systems Control

Labview Graphical User Interface  

Figure B-4:  Quad A/D Converter Measurements and Calibrations

The DS2450 1-wire devices, through calibrations, measure all the physical quantities in a 1-wire electrical systems power control system.  The registration number that identifies the 1-wire quad A/D converter is displayed in hexadecimal format as noted in the above block schematic.  The two controlling elements on the left side of the diagram going to the sub-VI denoted “AtoD Config” configure the A/D converter to function as desired.  The sub-VI in the middle of the diagram configures the A/D converter to take voltage readings as needed.  Lastly, the Boolean indicator on the right side indicates the proper functionality of the 1-wire quad A/D converter and the four double precision indicators display the calibrated A/D readings.
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1-Wire Electrical Power Systems Control

Labview Graphical User Interface  


Appendix C

1-Wire Circuit Board Schematics

& Interface Cables

To build up an Electrical Power Systems Control Configuration for complex systems is going to take everything one-step further.  Due to footprints, heating considerations, and available real estate, only four systems are controlled on the primary 1-wire electrical power systems control circuit board.  Boards have been designed along with interface cables and harnesses to cascade boards to the primary 1-wire electrical power control systems circuit board, thus adding more capability.  Below are boards and interface cables that have been designed.  Only the primary 1-wire electrical power systems control circuit board has been tested and implemented.  The primary 1-wire electrical power systems control circuit board is shown in figure 5.  The interface to this board, which has also been fabricated, is shown below.  
Figure C-1: Primary I/O Interface (for primary 1-wire electrical power control systems control circuit board

Appendix C

1-Wire Circuit Board Schematics

& Interface Cables

Appendix C

1-Wire Circuit Board Schematics

& Interface Cables 

Figure C-4:  1-Wire Auxiliary Electrical Power Systems Control Circuit Board

The interface cables and harnesses depicted above represent the first step towards building a cascaded system consisting of more than four systems.  Eventually these boards and interfaces should be accepted as standard after they are proven through testing.  Also note how boards are mated together; with a common interface that never changes. 

This input is standard on all 1-wire boards besides the primary board.

Appendix D

DS2406 Latching Considerations

(E-mail correspondence from Dallas Semiconductor Applications Engineer)

I am the Applications Engineer for the 1-Wire and iButton Groups.  The DS2406 will remain in the last state of the PIO until it loses power. Then it will default to the open state. The time between communicate bits can be days, weeks, or even months provided the data line remains high between bits. Dallas doesn't manufacture a latching 1-Wire switch.

Regards, 
Ken Edmundson               Applications Engineer 
Dallas Semiconductor - a subsidiary of Maxim 

 

In other words, inputting +5V into pin 4 of the chip, Vcc, will keep the DS2406 device in its states, both PIO-A and PIO-B, even if the data line fails to remain high between bits?  I thought I could manage only with parasitic power from the 1-wire data line without drawing an auxiliary +5V, but if the +5V will help the device maintain its states when communications is lost and the data line isn't high between bits that may be an option to consider.  Let me know if this will indeed work.  Thank you.

Christopher C. Purdy
Wallops Electrical Engineering Branch


 

That is correct. With +5VDC on the Vcc pin, the data line can go to 0VDC and 

the PIO pins will remain in their last states.
 

Regards,
Ken Edmundson               Applications Engineer 
Dallas Semiconductor - a subsidiary of Maxim 
 

Appendix D

1-Wire Device Response Time

(E-mail correspondence from Dallas Semiconductor Applications Engineer)


I am the Applications Engineer for the 1-Wire and iButton Groups. The switch transfer time from the last bit of the command is between 200 and 300 nanoseconds. The time for the command can vary by the programmer's use of the code.
Regards, 


Ken Edmundson Applications Engineer 
Dallas Semiconductor - a subsidiary of Maxim 
Building C Phone: (972) 371-4392 
4401 S. Beltwood Pkwy. FAX: (972) 371-3715 
Dallas, TX 75244-3292 E-mail: ken.edmundson@dalsemi.com 
USA 
ACRONYM LIST

A/D
Analog-to-Digital

API
Application Program Interface 

CRC
Cyclic Redundancy Checksum

GUI
Graphical User Interface

MOSFET
Metal-Oxide Semiconductor Field Effect Transistor

RJ-11
Registered Jack-11 (Phone Cable)

ROM
Read-Only Memory

RS-232
Recommended Standard-232 (Serial Connector)

Sub-VI
Sub-Virtual Instrument (A Labview program that can be used by another Labview program or operate as a standalone program)

VI
Virtual Instrument (A Labview program)

Device Command(s)





8-bit Family Code





48-bit Serial





8-bit CRC





RS-232 Pin


Number


2


3


4


5


7





RS-232 Pin


Functionality


Received Data


Xmitted Data


Data Terminal Rdy


Signal Gnd


Request to Send





RJ-11


Pin Number








4


3











RJ-11 Pin


Functionality








Data


Ground





Presence


Pulse





1-Wire Reset





1-Wire Search





Device Selected





DS2406





DS2450





IPS5551





Figure C-3:  Auxiliary 1-Wire Interface from auxiliary 1-wire board J11 (DBMA-25P) to Output Interface/harness P11 (DBMA-25S)





This sub-VI is based on “DS2406 Write SRAM”.  It controls the DS2406 switching and it programs the DS2406 chips to operate as a single or dual switch.





Sub-VI that attempts to acquire a 1-wire net using a COM port and a DS2480 based adapter.  The DS9097U is based on the DS2480 adapter.





Figure C-2:  1-Wire Interface from the DS-9097U 1-Wire COM Port Adapter as indicated by OFF page connectors to PO (DBMA-25S).  P0 (DBMA-25S) interfaces to JO (DBMA-25P) of the 1-wire primary electrical power systems control circuit board





This sub-VI is based on “DS2450 Write Control”.  It programs the DS2450 for 16-bit resolution, a 5.12V range, enabled outputs, and no alarm states.





This sub-VI is based on “DS2450 Read”.  It polls the DS2450 for voltage readings.
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