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Introduction
The ION-f device drivers are implemented using ANSI C and the standard VxWorks I/O system. The VxWorks I/O system is source compatible with that of the UNIX I/O system. It is designed to provide a simple, uniform, device-independent interface to any kind of device.  

Programmers familiar with using UNIX device drivers should be able to use VxWorks device drivers without any problems. Programmers unfamiliar with UNIX device drivers are encouraged to read the “I/O System” chapter in the VxWorks programmers guide or in a UNIX manual.

This document is intended to list the ION-F Device Drivers available to the application programmer. It provides a description and flow diagram of each driver along with a list of system I/O functions implemented by the driver. 

Error Codes

The ION-f device drivers follow the UNIX I/O system convention of returning a positive value to represent a success or a negative value to indicate an error. Following is a list of ION-f device driver error codes:

Error Code 
Error

-1

Unsuccessful Error

-2

Device powered off

-3

Semaphore could not be created

-4

Interrupt could not be connected

-5

Driver could not be installed

-6

Could not malloc device descriptor

-7

Could not add device to device table

-8 , -9 , -10
Device Specific errors

-11 to –20
Semaphore 1 to 10 timed out

-21 to ?
Device specific errors

Hitachi 7709 CPU Board
A/D Converter

Device Name: “cpuAD”

The Hitachi 7709 A/D device driver converts eight channels of analog input voltages to eight bit digital values. The Hitachi 7709 CPU A/D has ten bits resolution but this driver only uses eight bits so that the data can be placed into a single byte. The maximum conversion time for converting eight channels is 71.2 us. 

Flow Diagram
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Functions

STATUS cpuADDrv(void)

Purpose: 

· Initializes and installs the Hitachi 7709 CPU A/D driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· -5 if driver could not be installed

STATUS cpuADDevCreate(void)

Purpose:

· Creates an Hitachi 7709 CPU A/D device

· Creates a semaphore to protect CPU A/D registers

· Initializes all the registers to proper values

· Connects the Hitachi 7709 CPU A/D interrupt to the ISR

· Sets the interrupt priority

Parameters:

· None

Returns: 

· OK if successful

· -5 if driver not installed

· -6 if device descriptor could not be malloced

· -7 if device can not be added to device table

· -3 if semaphore could not be created

· -4 if the interrupt could not be connected

int cpuADOpen(CPU_AD_DESCRIPTOR * pDevHdr, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· CPU_AD_DESCRIPTOR - Pointer to device structure

· Flags - open flags (Not used by driver)

· Mode - file mode (Not used by driver)

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS cpuADClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int cpuADRead(CPU_AD_DESCRIPTOR * devId, unsigned char * pBuf, int nBytes)

Purpose:

· Converts analog input voltages to 8 bit digital values and places the results in memory pointed to by pBuf.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to memory where A/D data is placed

· NBytes - Number of bytes to read (Not used by driver)

Notes:

· This code converts all 8 Hitachi 7709 CPU A/D channels so nBytes should be set to 8.

Returns: 

· Number of bytes read if successful (8 bytes)

· -11     if semaphore times out

void cpuADIsr(CPU_AD_DESCRIPTOR *devId)

Purpose:

· Resets Hitachi 7709 CPU A/D Control Status Register when a conversion is complete

· Returns semaphore to indicate that conversion is complete.

Parameters:

· devId    - 
pointer to the device descriptor

Power

Device Name: “/cpuPwr”

cpuPwr device driver  

· Initializes the Port A control and data register.  

· Bit twiddling of the Port A data register.

· Read a particular bit in the Port A data register. 

While addressing the function parameters 

· Use the schematic names given to that bit. 

      They are as follows,

CYCLE_REQ : Port A bit 0

PWR_TM : Port A bit 1

PWR_CAM : Port A bit 2

PWR_IO : Port A bit 3

PWR_PDP : Port A bit 4

PWR_GYRO : Port A bit 5

PWR_SLOT7 : Port A bit 6

PWR_SLOT8 : Port A bit 7

· When using the cpuPwrWrite function use ON for setting the bit to one and OFF for setting a bit to zero.

Example: 

· When accessing the read function to read bit 2

             read(fd, &i , PWR_CAM)

· When accessing the write function to set bit 2 to one

       write(fd, (char *)PWR_CAM, ON)

· When accessing the write function to set bit 3 to zero

            write(fd, (char *)PWR_IO, OFF)

Functions

STATUS cpuPwrDrv (void)

Purpose: 

· Initializes and installs the Hitachi 7709 cpuPwr driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

In case of an error it returns

· -5

STATUS cpuPwrDevCreate (void)

Purpose:

· Creates an Hitachi 7709 cpuPwr device

· Creates a semaphore to protect CPU Port A data register from being accessed during a read/write operation.

· Initializes the Port A control and data register.

Parameters:

· None

Returns: 

· OK if successful

In case of an error it returns

· -5

· -6

· -7

· -3

int cpuPwrOpen (DEV_HDR * pDevHdr, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· DEV_HDR - Pointer to device header structure. 

· Flags - open flags

· Mode - file mode

Returns:

· File Descriptor

STATUS cpuPwrClose (int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

STATUS cpuPwrRead (int devId, char *result, int bitNumber)

Purpose:

· Reads a bit from the Port A data register.

Parameters:

· DevId-

File Descriptor

· *result-
Address where the value of the read bit is to be placed

· bitNumber -
Indicates the bit number to be read

Returns: 

· OK if  successful

In case of an error it returns

· -1

· -11

STATUS cpuPwrWrite (int devId, char* bitNumber, int srBit)

Purpose:

· Sets or Resets a bit in the Port A data register.

Parameters:

· DevId - File Descriptor

· bitNumber – Indicates the bit number to be changed

· srBit – Specifies whether the bit has to be ON/OFF

Returns: 

· OK if successful

In case of an error it returns

· -1

· -11

Camera Board
Device Name: “cpuCam”

The camera board device driver basically gives the camera capture signal and waits till the capture is complete. After the ISR has executed it checks whether the interrupt came because of capture completed or capture interrupted, and returns the result based on that. 

The driver uses two semaphores while reading(capturing) image. 

cpuCamSem1 is used in order to protect the camera board memory & registers, in fact it stops anyone else from doing anything on the camera board till the person who is using it has finished. It becomes the responsibility of the higher level task that is using the camera board SRAM to do an IOCTL (with command as RELEASESEM) so that this semaphore is released and other tasks can use the driver.

cpuCamSem2 is used just so that the driver comes to know that the camera board interrupt was called. The driver then goes ahead and checks out the status register for the reason why interrupt was triggered. Returns OK if triggered because of capture complete or returns error if interrupt triggered because of capture interrupted by other process.

It is of utmost importance that the higher level task after completion of its work with camera board SRAM does an ioctl to release cpuCamSem1 or else other tasks will never get to use the driver.

Flow Diagram

[image: image2.wmf]Start camera capture

Semaphore time out?

Return -11

Semaphore time out?

Take cpuCamSem1

Check the status register

Return -12

Was interrupt caused

by capture complete

Return -21

Reset IRQ2 bit

and

logmsg / cpuCameraIsrCnt++

Give cpuCamSem2

Return

cpuCamIsr

Yes

No

Yes

Yes

No

Pend on cpuCamSem2

Return OK

cpuCamRead

Load Warmup

Counter

RELEASESEM ?

Return OK

Yes

cpuCamIoctl

Give cpuCamSem1

POWER ?

Set

cpuCamPowerOff

Reset

cpuCamPowerOff

Return ERROR

Yes

No

No

No

No

Camera off ?

Return -2

Yes

No

No

POWEROFF ?

POWERON ?

Display Error message

Yes

Yes

No


Functions

STATUS cpuCamDrv(void)

Purpose: 

· Initializes and installs the camera board driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· -5 if unsuccessful

STATUS cpuCamDevCreate()

Purpose:

· Initializes the Camera board device registers.

· Creates camera board device.

· Creates two semaphores. The first one to protect camera board registers from being accessed during a conversion and second to have the driver wait till ISR finishes.

· Clears the IRQ2 interrupt if it already exists and then connects the camera board interrupt to the ISR.

Parameters:

· NONE

Returns: 

· OK if successful

In Case of errors it returns the following:

· -3    if couldn’t create a semaphore.

· -4    if couldn’t connect camera interrupt.

· -6    if couldn’t malloc device descriptor.

· -7    if couldn’t add camera board to device table.

int cpuCamOpen(CPU_CAM_DESCRIPTOR *pCpuCamDev, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· CPU_CAM_DESCRIPTOR - 
Pointer to device structure.. 

· Mode - file mode

· Flags - open flags

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS cpuCamClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· fd – File Descriptor

Returns:

· OK

int cpuCamRead(CPU_CAM_DESCRIPTOR * devId, unsigned char * pBuf, int nBytes)

Purpose:

· First takes cpuCamSem1. Then gives the camera capture signal. Then takes cpuCamSem2 and waits till ISR finishes.

· After it gets the cpuCamSem2 it checks the status register, if capture was interrupted returns –2 and sets the pointer to NULL, if all right returns OK.

Parameters:

· devId - File Descriptor

· pBuf - Pointer to memory where image data is placed.(Not used  by driver)

· nBytes - Number of bytes to read.(Not used by driver)

Notes:

· This code basically captures images.

Returns: 

· OK if successful

Following errors are returned

· -2       if device is powered off.

· -11     semaphore 1 timed out

· -12     semaphore 2 timed out

· -21     interrupt generated because capture interrupted.

STATUS cpuCamIoctl((CPU_CAM_DESCRIPTOR * devId, int cmd , int arg)

Purpose:

· To let caller indicate the driver to release cpuCamSem1
Parameters:

· devId - File Descriptor

· cmd – a token command number indicating the following

· RELEASESEM – to release cpuCamSem1

· POWER     - to tell device that its off

· arg – arguments for the command passed in ioctl 

· for RELEASESEM there is NO specific argument .

· for POWER there are two possible arguments

· POWERON       - to tell device that its on

· POWEROFF      - to tell the device that its off.

Returns:

· OK if successful

· ERROR if cmd / arg parameter is not amongst the above specified.

void cpuCamIsr(CPU_CAM_DESCRIPTOR *devId)

Purpose:

· Resets the IRQ2 bit , increases cpuCamIsrCnt, logs message.

· Releases cpuCamSem2 to get the driver out of pending state.

Parameters:

· devId    - 
pointer to the device descriptor.

 Telemetry Board
Device Name: “/telemetry”

The Telemetry board device driver will control the writing of the PCM pages into flash memory and the downlinking of this data.  This driver is a simplified driver for use in Combat Sentinel and will be modified for USUSat.

Flow Diagram
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Functions

STATUS telmetryDrv(void)

Purpose:

· Initalizes and installs the telemetry board driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful

· -5 if driver could not be installed

STATUS telemetryDevCreate(int syncWordPos, int realTimePos)

Purpose:

· Create telemetry device

· Create a semaphore to protect telemetry board registers

· Create a semaphore to protect telemetry board flash memory

· Initializes all the registers to proper values

· Connects the telemetry board interrupt to the ISR

· Sets the interrupt priority

Parameters:

· syncWordPos
-
length in number of bytes in an uncompressed PCM frame

· realTimePos
-
position of first real-time data

Returns: 

· OK if successful

· -5 if driver not installed

· -6 if device descriptor could not be malloced

· -7 if device can not be added to device table

· -3 if semaphore could not be created

· -4 if the interrupt could not be connected

int telemetryOpen(TELEMETRY_DESCRIPTOR * pDevHdr, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· pDevHdr - Pointer to device structure

· Flags - open flags (Not used by driver)

· Mode - file mode (Not used by driver)

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS telemetryClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int telemetryWrite(TELEMETRY_DESCRIPTOR* devId, unsigned char* pBuf, int nBytes)

Purpose:

· Write PCM pages to flash memory on telemetry board

· Control start and end address registers on telemetry board

Parameters:

· DevId – File Descriptor

· PBuf – Pointer to data to be written

· NBytes – Number of bytes to be read

Returns:

· Number of bytes written

· -11 if telemetry register semaphore times out

· -12 if telemetry flash semaphore times out

· -8 if flash write error

· -2 if board not powered

STATUS telemetryIoctl(TELEMETRY_DESCRIPTOR * devId, int cmd, int arg )

Purpose:

· Start downlink of telemetry stream

· Erase Flash

· Check power status

· Set Real-time position and syncword position registers

· Check to see if board is downlinking

Parameters:

· DevId – Device descriptor

· Cmd – Command number indicating the following

· POWER – Check if board is powered up

· DOWNLINK – Configure Board for telemetry downlink and begin downlink

·  ERASE_FLASH – Erase flash used in downlink

· SET_REALTIMEPOS

· SET_SYNCWORDPOS

· STATUS_DOWNLINK

· arg – Arguments for command passed

· POWER

· POWERON – indicate board is powered 

· POWEROFF – indicate board does not have power

· Downlink – argument parameter not used

· Erase Flash – arg is number of bytes to erase

· SET_REALTIMEPOS - arg is real-time position value 

· SET_SYNCWORDPOS - arg is syncword position value

· STATUS_DOWNLINK - arg not used

Returns:

· OK – If command was successful

· Error – If unknown parameter

· 2 - For case STATUS_DOWNLINK board is not downlinking

· 3 - For case STATUS_DOWNLINK board is downlinking

· -2 – if board not powered

· -11 – if telemetry semaphore times out

· -12 – if telemetry flash semaphore times out

· -9 – if error in erasing flash

void telemetryIsr(TELEMETRY_DESCRIPTOR * devId)

Purpose:

· Read telemetry board status register and determine what caused the interrupt

· Resets the IRQ0 bit, increases telemetryIsrCnt, logs message.

Parameters:

· DevId – Pointer to the device descriptor

The following functions are included in the driver to control the flash and are used by the driver, but should not be needed in high-level programming

STATUS flashStatus(volatile unsigned short *addr)

Purpose:

· Check Flash status

Parameters:

· addr - address from where to get the status information.  This will change according to which sector needs status information.

Returns:

· ERROR - if embedded operation cannot be completed.

· OK    - if embedded operation is completed.

int flashAddrToSector(int addr)

Purpose:

· Find what sector an address is in

Parameters:

· addr - flash address

Returns:

· Sector number for this address or -1 if addr out of range

int flashSectorToAddr(int sectorNum)

Purpose:

· Get address of a sector

Parameters:

· sectorNum - flash sector number (0-31)

Returns:

· -1 if any error occurs.

IO Board
Main IO Board Driver

This driver was created to handle things that may occur that effect the entire IO Board as opposed to a single device (like the SPI Bus) on the IO Board.   Currently, there are only two of such occurrences.  One is a hardware interrupt from the IO Board.  Since there is only one interrupt from the IO Board, and this interrupt could indicate that one of four types of data are ready (ADC, SPI, Digital IO, or One Wire bus), this driver will handle the interrupt.  The second role of this driver is to handle the occurrence of a power-down state.  When the CPU shuts the power off on the IO Board, it should also notify this driver that the power is down.  This saves the CPU from notifying each of the other four drivers of the power down state.

Functions

int ioDrv(void)

Purpose: 

· Initializes and installs the IO Board A/D driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· DRV_INSTALL_ERROR if unsuccessful

int ioDevCreate(void)

Purpose:

· Creates an IO Board device

· Connects the IO Board interrupt to the ISR.

· Enable all interrupts except for the Discrete Digital Input Interrupt.  Put ADC_A and ADC_B into low-power mode.  Turn 1 wire power off.

· Reads IO board ID to see if it is responding.

Parameters:

Returns: 

· OK if successful

· DRV_INSTALL_ERROR if driver wasn’t already installed

· DEV_DESC_MALLOC_ERROR if couldn’t malloc memory for device

· DEV_TABLE_ADD_ERROR if device couldn’t be added to device table

· INT_CONNECT_ERROR if the interrupt couldn’t be connected

· DEV_PWR_OFF if the IO board was powered down

int ioOpen(CPU_AD_DESCRIPTOR * pIoDev, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· CPU_AD_DESCRIPTOR - Pointer to device header structure. 

· Flags - open flags

· Mode - file mode

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS ioClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int ioIoctl(IO_DESCRIPTOR * devId, int request, int arg)

Purpose:

· Sets a variable that indicates whether the power is on or off on the IO Board.  

Parameters:

· DevId - File Descriptor

· request - Indicates the purpose for the ioctl.  Requests currently include:

request = 1:  Power on the IO Board is either being turned off or on.


*Note:  this feature can be expanded to handle more types of requests.

· arg - The argument being passed.

If request = 1: 


Arg = 0:  Power on the IO Board is off


Arg = 1:  Power on the IO Board is on, registers on IO board are initialized.

Returns: 

· OK if successful

· UNKNOWN_REQUEST (-9) if an unknown request was sent to Ioctl function

Notes:

· When this Ioctl function indicates that the power on the power board is off, no data can be read from any of the other drivers on the IO Board.  Therefore, it is imperative that when the power board is turned on, this Ioctl function is called.  Once this Ioctl function is called to indicate that the power on the IO Board is on, reads can be done successfully from the other drivers without calling this Ioctl function each time.  

void ioBoardIsr()

Purpose:

· Reads the IO Board status register to find out what the interrupt was for

· Returns the appropriate semaphore to indicate that the conversion is complete.  The semaphore to be returned depends on what was read from the status register.

Parameters:

None

A/D Converters

The IO Board A/D device driver can convert 56 channels of analog input voltages to sixteen bit digital values.  These values can either represent +/-10 V or 0 to 5 V, depending on resister jumpers that can be set on the IO board.  These voltage levels can be set in groups of eight channels (i.e. channels zero through seven must all be either +/-10 V or 0 to 5 volts).   The decision of which channels will be set to which voltage levels should be made and agreed upon between the hardware engineer and the high-level programmer.  Currently, the plan is to set all voltage levels to +/-10 V in order to maximize the A/D capabilities.  Channels zero through forty-seven can be any type of input voltage, while channels forty-eight through fifty-six are wired to measure the back plane voltages, namely:


Channel 48:  unreg


Channel 49:  +5 V


Channel 50:  -5 V


Channel 51:  +12 V


Channel 52:  -12 V


Channel 53:  +3.3 V


Channel 54:  +10 V


Channel 55:  +28 V

The voltage levels for all channels will be normalized so that a digital value of 0x0000 will represent a back plane voltage of –10 V and a digital value of 0xFFFF will represent a back plane voltage of +10 V.  In the event that an input voltage exceeds the +/-10 V range (Channel 55, for example), it will be scaled down to fit within the +/-10 V range.  

 Flow Diagram
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Functions

int ioADDrv(void)

Purpose: 

· Initializes and installs the IO Board A/D driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· DRV_INSTALL_ERROR if unsuccessful

int ioADDevCreate(void)

Purpose:

· Creates an IO Board A/D device

· Creates four semaphores to protect IO Board A/D registers from being accessed during a conversion and to handle interrupts.  These four semaphores can be thought of as two sets of two.  There are two A/D chips on the IO board, and one set of semaphores is assigned to each A/D chip.  This allows two conversions to take place at the same time since each A/D chip is assigned its own set of registers on the IO board.  The reason for two semaphores per chip is that it is necessary for one semaphore to protect the A/D registers and one semaphore to handle the giving and taking of semaphores that occurs during interrupt handling

Parameters:

Returns: 

· OK if successful

· DRV_INSTALL_ERROR if driver wasn’t already installed

· DEV_DESC_MALLOC_ERROR if couldn’t malloc memory for device

· DEV_TABLE_ADD_ERROR if device couldn’t be added to device table

· SEM_CREATE_ERROR if a semaphore couldn’t be created

· DEV_PWR_OFF if the IO board was powered down

int ioADOpen(IO_AD_DESCRIPTOR * pIoADDev, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· IO_AD_DESCRIPTOR - Pointer to device header structure. 

· Flags - open flags

· Mode - file mode

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS ioADClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int ioADRead(int devId, unsigned short * pBuf, int nBytes)

Purpose:

· Converts an analog input voltage to 16 bit digital values and places the results in memory pointed to by pBuf.  It will read the voltage from the channel indicated by a variable that can be set by the ioctl function.  See ioADIoctl() for more detail.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to memory where A/D data is placed.

· NBytes - Number of bytes to read.

Notes:

· This code converts only one channel of data, so nBytes should be set to 2, since each ADC read will be 2 bytes long.

Returns: 

· Number of bytes read if successful (should be 2)

· IO_AD_PWR_OFF (-10) if A/D power hasn’t been turned on with ioAdIoctl function described below.

· SEM_ONE_TIME_OUT if ioADSemA1 times out

· SEM_TWO_TIME_OUT if ioADSemA2 times out

· SEM_THREE_TIME_OUT if ioADSemB1 times out

· SEM_FOUR_TIME_OUT if ioADSemB2 times out

· DEV_PWR_OFF if the IO board was powered down

· DEV_NULL (-21) if the devId is equal to NULL

int ioADIoctl(IO_AD_DESCRIPTOR * devId, int request, int arg)

Purpose:

· Sets the channel for the next conversion.

· Turn the power to the A/D chips on or off.

Parameters:

· DevId - File Descriptor

· request - Indicates the purpose for the ioctl.  Requests currently include:

request = 1:  A/D channel is being set

request = 2:  The power to the A/D chips will be turned on or off

request = 3:  The settling time used for A/D conversions will be set.


*Note:  this feature can be expanded to handle more types of requests.

· arg - The argument being passed.

If request = 1:  arg = the A/D channel to be read during the next read.

If request = 2:



arg = 0:  the power to the A/D chips will be turned off



arg = 1:  the power to the A/D chips will be turned on

If request = 3:



arg = settling time.  The max settling time = 0x0FFF

Notes:

· Once a channel is set, it will be used for all conversions until it is changed.  

· Once the power to the A/D chips is set, it will remain so until it is changed or the power to the IO board is cycled.

· Just after the IO board receives power, the A/D chips will be powered down, so it is imperative that an Ioctl is done to turn A/D power on before the first A/D read after the board receives power.

Returns: 

· OK if successful

· DEV_PWR_OFF if the IO board was powered down

· DEV_NULL (-21) if the devId is equal to NULL

· UNKNOWN_REQUEST (-9) if the ioctl receives an unrecognizable request or arg

One Wire Bus Driver

The purpose of the one wire bus driver is to read and write data to one wire devices made by Dallas Semiconductor (Maxim).  Currently, the only device that will be connected to the one wire bus on USUSat are the temperature sensors (DS18b20).  Although this driver’s capabilities are currently limited to working with the temperature sensors, it can easily be expanded so that it can work with other types of one wire devices as well.  This can be done by adding more features to the Ioctl function.
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Functions

int ioOneWireDrv(void)

Purpose: 

· Initializes and installs the IO Board One Wire driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· DRV_INSTALL_ERROR if unsuccessful

int ioOneWireDevCreate(void)

Purpose:

· Creates an IO Board One Wire device

· Creates two semaphores.  One to protect IO Board One Wire registers from being accessed during a conversion and the other for interrupt handling 

Parameters:

Returns: 

· OK if successful

· DRV_INSTALL_ERROR if driver wasn’t already installed

· DEV_DESC_MALLOC_ERROR if couldn’t malloc memory for device

· DEV_TABLE_ADD_ERROR if device couldn’t be added to device table

· SEM_CREATE_ERROR if a semaphore couldn’t be created

int ioOneWireOpen(IO_ONEWIRE_DESCRIPTOR * pIoOneWireDev, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· IO_ONEWIRE_DESCRIPTOR - Pointer to device header structure. 

· Flags - open flags

· Mode - file mode

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS ioOneWireClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int ioOneWireRead(IO_ONEWIRE_DESCRIPTOR * devId, unsigned short * pBuf, int nBytes)

Purpose:

· Reads and stores the temperatures from the conversion initiated by the Ioctl function into array pointed to by pBuf.  This function will gather temperatures from all of the temperature sensors who’s ROM codes are defined in ioOneWireDriver.h.  Before this function should be called, the ioOneWireIoctl function (described below) should be called to start a temperature conversion.  This conversion should take approximately .75 seconds.  The high level software needs to know how many temperature sensors are being used, and the mapping of the temperature sensors.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to array where temperature data will be written.  As mentioned above, the high level software will need to know the correlation between this array and the physical temperature sensors.

· NBytes - Number of bytes to read.

Notes:

· This code converts all temperature sensors on the one wire bus, each of which is two bytes long.  Therefore Nbytes should be two times the number of temperature sensors on the one wire bus.  For Combat Sentinel, 30 temperature sensors will be used, and nBytes should be 60.

· There is no way for this read function to know whether the temperature conversion initiated by the ioOneWireIoctl function has completed (which takes .75 seconds).  Therefore it is vital that the high level software wait at least .8 sec between the time it calls the ioctl function and this read function in order to ensure valid data.

Returns: 

· Number of bytes read if successful (should be the same as Nbytes)

· DEV_PWR_OFF if the IO board was powered down

· DEV_NULL (-21) if the devId is equal to NULL

· SEM_FIVE_TIME_OUT if ioOneWireSem1 times out.  

· SEM_SIX_TIME_OUT if ioOneWireSem2 times out

· ONE_WIRE_RESPONSE (-8) if an unknown value is returned from the One wire bus.

int ioOneWireIoctl(IO_ONEWIRE_DESCRIPTOR * devId, int request, unsigned char arg)

Purpose:

· Starts a one wire bus temperature sensor conversion.  After this function has been called, the high level software should wait for at least .8 seconds before calling a read, which will actually gather the temperatures.

Parameters:

· DevId - File Descriptor

· request - Indicates the purpose for the ioctl.  Requests currently include:

request = 1:  Start a temperature conversion


*Note:  this feature can be expanded to handle more types of requests.

arg – Not currently being used.

Returns:

· OK if successful

· DEV_PWR_OFF if the IO board was powered down

· DEV_NULL (-21) if the devId is equal to NULL

· SEM_FIVE_TIME_OUT if ioOneWireSem1 times out

· SEM_SIX_TIME_OUT if ioOneWireSem2 times out

· ONE_WIRE_RESPONSE (-8) if an unknown value is returned from the One wire bus.

· UNKNOWN_REQUEST (-9) if an unknown request is sent to the Ioctl funcion.

SPI Bus Driver

The IO Board One Wire device driver can send or receive data to up to 32 different SPI devices.  The data that is sent and received is eight bits long.  Before reading or writing SPI data, the 5 bit address must be set by calling the driver’s Ioctl function.  The high level software should know the addresses and data rates of all SPI devices.
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Functions

int ioSpiDrv(void)

Purpose: 

· Initializes and installs the IO Board SPI driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· DRV_INSTALL_ERROR if unsuccessful

int ioSPIDevCreate(void)

Purpose:

· Creates an IO Board SPI device

· Creates two semaphores.  One to protect IO Board SPI registers from being accessed during a conversion and the other for interrupt handling.

Parameters:

Returns: 

· OK if successful

· DRV_INSTALL_ERROR if driver wasn’t already installed

· DEV_DESC_MALLOC_ERROR if couldn’t malloc memory for device

· DEV_TABLE_ADD_ERROR if device couldn’t be added to device table

· SEM_CREATE_ERROR if a semaphore couldn’t be created

int ioSpiOpen(IO_SPI_DESCRIPTOR * pIoSpiDev, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· IO_SPI_DESCRIPTOR - Pointer to device header structure. 

· Flags - open flags

· Mode - file mode

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS ioSPIClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int ioSpiRead(IO_SPI_DESCRIPTOR * devId, unsigned char * pBuf, int nBytes)

Purpose:

· Reads data from the SPI device who’s address matches that specified by the driver’s Ioctl function.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to memory where A/D data is placed.

· NBytes - Number of bytes to read.

Notes:

Returns: 

· Number of bytes read if successful (should be the same as nBytes)

· DEV_PWR_OFF if the IO board was powered down

· DEV_NULL (-21) if the devId is equal to NULL

· SEM_SEVEN_TIME_OUT if ioSpiSem1 times out

· SEM_EIGHT_TIME_OUT if ioSpiSem2 times out

int ioSpiWrite(IO_SPI_DESCRIPTOR * devId, unsigned char * pBuf, int nBytes)

Purpose:

· Writes data to the SPI device who’s address matches that specified by the driver’s Ioctl function.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to memory where A/D data is placed.

· NBytes - Number of bytes to read.

Returns: 

· Number of bytes read if successful (should be the same as nBytes)

· DEV_PWR_OFF if the IO board was powered down

· DEV_NULL (-21) if the devId is equal to NULL

· SEM_SEVEN_TIME_OUT if ioSpiSem1 times out

· SEM_EIGHT_TIME_OUT if ioSpiSem2 times out

int ioSpiIoctl(IO_SPI_DESCRIPTOR * devId, int request, unsigned char arg)

Purpose:

· Depending on ‘request’, will either set the address of the SPI device to be read from or written to, or can set the data transfer rate of the SPI device to be read from or written to.

Parameters:

· DevId - File Descriptor

· request - Indicates the purpose for the ioctl.  Requests currently include:

request = 1:  SPI address is being set

request = 2:  SPI data rate is being set.  


*Note:  this feature can be expanded to handle more types of requests.

· arg - The argument being passed.

If request = 1:  

arg = the SPI address to be used during subsequent reads and writes.



If request = 2:

arg = SPI clock scale according to the following table (3 Least significant bits’s):

	SPI clock scale
	SPI Frequency

	000
	1.0 MHz

	001
	1.0 MHz/2 = 500 kHz

	010
	1.0 MHz/4 = 250 kHz

	011
	1.0 MHz/8 = 125 kHz

	100
	1.0 MHz/16 = 62.5 kHz

	101
	1.0 MHz/32 = 31.25 kHz

	110
	1.0 MHz/64 = 15.625 kHz

	111
	1.0 MHz/128 = 7.8125 kHz


Notes:

· When either the address or the data rate is set, their values will be used for all subsequent reads and writes until they are changed.

Returns: 

· OK if successful

· DEV_NULL (-21) if the devId is equal to NULL

· UNKNOWN_REQUEST (-9) if an unknown request is sent to the Ioctl funcion.

Digital I/O

The IO Board Digital I/O device driver simply reads or writes the sixteen bits of digital I/O data on the top connector of the IO Board.   
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Functions

STATUS ioDigIoDrv(void)

Purpose: 

· Initializes and installs the IO Board A/D driver in the VxWorks I/O system.

Parameters:

· None

Returns:

· OK if successful 

· DRV_INSTALL_ERROR if unsuccessful

STATUS ioDigIoDevCreate(char* name)

Purpose:

· Creates an IO Board Digital IO device

· Creates two semaphores.  One for digital input and one for digital output – since they use a different set of registers.

Parameters:

· Name - the device name

Returns: 

· OK if successful

· DRV_INSTALL_ERROR if driver wasn’t already installed

· DEV_DESC_MALLOC_ERROR if couldn’t malloc memory for device

· DEV_TABLE_ADD_ERROR if device couldn’t be added to device table

· SEM_CREATE_ERROR if a semaphore couldn’t be created

int ioDigIoOpen(IO_DIGIO_DESCRIPTOR * pIoDigIoDev, int mode, int flags)

Purpose:

· Returns File Descriptor.

Parameters:

· IO_DIGIO_DESCRIPTOR - Pointer to device header structure. 

· Flags - open flags

· Mode - file mode

Notes:

· This code does not use flags and mode but they are included for standard UNIX style compatibility.

Returns:

· File Descriptor

STATUS ioDigIoClose(int fd)

Purpose:

· Closes entry in fd table

Parameters:

· Fd – File Descriptor

Returns:

· OK

int ioDigIoRead(IO_DIGIO_DESCRIPTOR * devId, unsigned short * pBuf, int nBytes)
Purpose:

· Reads the current digital data from the top connector of the IO board.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to memory where A/D data is placed.

· NBytes - Number of bytes to read.

Notes:

· This code reads 16 bits of data, so nBytes should be set to two.

Returns: 

· Number of bytes read if successful (should be 2)

· DEV_PWR_OFF if the IO board was powered down

· SEM_NINE_TIME_OUT if ioDigInSem times out

int ioDigIoWrite(IO_DIGIO_DESCRIPTOR * devId, unsigned short * pBuf, int nBytes)

Purpose:

· Writes 16 bits of digital data to the top connector of the IO board.

Parameters:

· DevId - File Descriptor

· PBuf - Pointer to memory where A/D data is placed.

· NBytes - Number of bytes to read.

Notes:

· This code writes 16 bits of data, so nBytes should be set to two.

Returns: 

· Number of bytes written if successful (should be 2)

· DEV_PWR_OFF if the IO board was powered down

· SEM_TEN_TIME_OUT if ioDigOutSem times out
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