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1. Scope
1.1. Identification

This document defines the software lifecycle for the AUV Gulper program, beginning with 900403. 
1.2. Purpose
1.3. Acronyms and Abbreviations

AUV – Autonomous Underwater Vehicle

BIT – Built In Test

CSC – Computer Software Component

CSCI – Computer Software Configuration Item

CSU – Computer Software Unit

ISR – Interrupt Service Routine

MVC – Mission Vehicle Computer

SDF – Software Development Folder

2. Applicable Documents

DGH 1700 Users Manual – 5/1/94 DGH Corporation, Manchester NH

PIC16F87XA Datasheet – Microchip Technology Inc.

C Compiler Reference Manual – October 2005 CCS, Inc.

MPLAB ICD 2 User’s Guide – 2005 Microchip Technology Inc. DS51331B
3. Implementation
3.1. Software Requirements Specification

GULP-0005: The firmware shall be implemented to execute on a PIC 16F876A microcontroller platform.

GULP-0010: The firmware shall be compliant with all hardware constraints as described in the PIC16F87XA Data Sheet, 2003 by Microchip Technology Inc. 

GULP-0015: The firmware shall be compliant with the DGH 1700 protocol described in “DGH 1700 Users Manual” 5/1/94 as described in this document.

GULP-0020: The firmware shall implement a clock to <= 100 milliseconds resolution

GULP-0025: The firmware shall provide an RS-485 interface with the following commands:

· Fire

· Query Actuation Time

· Get Status

· Get Version

GULP-0030: The firmware shall service the following interrupts:

· RS-485 Receive

· Proximity Sensor state change

GULP-0031: The firmware shall read and store its address (range 00 – 0f) from the Grayhill device specified in TBD doc number “Gulper: Node Controller”.  

GULP-0032: The firmware shall respond to commands in the following format: 

$, ADDR, LENGTH, COMMAND, CHECKSUM

Where ADDR is two nibbles (i.e. 0e), Length is one nibble (i.e. 1), Command is one character, and Checksum is two nibbles. 

GULP-0035: Upon receipt of the Fire command, assumed to be “F” (e.g. $AA1FCC), the firmware shall respond by holding pin C4 and C5 high for 150 ms (+/- 50 ms)

GULP-0040: The firmware shall store elapsed time to a resolution of 100 milliseconds, from the receipt of the Fire command to the receipt of the Proximity interrupt. 

GULP-0045: The firmware shall initialize the elapsed time to 0.

GULP-0050: The firmware shall provide an elapsed time of 0 if the Proximity Sensor interrupt is not received within 30 seconds (+/- 100 msec) after receipt of the Fire command. 
GULP-0055 Upon receipt of the Query Actuation Time command, assumed to be “Q” (e.g. $AA1QCC), the firmware shall provide the existing elapsed time that it has stored in milliseconds (between 0 and 30000).  

GULP-0060 Upon receipt of the Get Status command, assumed to be “Q” (e.g. $AA1SCC), the firmware shall provide 3 bits of data in one character of hexideciamal format (range 0 to 7) as follows:

1.) sample fired 1=True 0=False

2.) pin-puller position 1=Retracted 0=Not retracted

3.) proximity sensor 1=Activated 0=Not Activated

GULP-0065 Upon receipt of the Get Version command, assumed to be “V” (e.g. $AA1VCC), the firmware shall provide its version in the response in ASCII format (e.g. “0.1”).

GULP-0070: The firmware shall implement a command checksum and BAD CHECKSUM error reporting as per the DGH 1700 users manual.
GULP-0072: The firmware shall reply with “BAD COMMAND” as per TBD in response to a command that is not recognized.  
GULP-0075: The firmware shall hold the UART in receive mode unless the MVC commands its address to transmit.

GULP-0080: The firmware shall force reset if the UART is held in transmit mode for >= 2 seconds (+/- 50 msec.). 
GULP-0082: The firmware shall prepend its address (range 00-0F) to the beginning of all data sent to the MVC. 
GULP-0083: The firmware shall append a checksum value to the end of all data sent to the MVC.
GULP-0085: The firmware shall activate the “Fired LED” upon receipt of the Fire command, via output pin RB2 as defined in TBD doc number “Gulper: Node Controller”.  

GULP-0090: The firmware shall activate the “Prox Sense LED” upon receipt of the proximity sensor interrupt by setting output pin RB4 high, as defined in TBD doc number “Gulper: Node Controller”.  

GULP-0095: The firmware shall activate the “TX LED” for TBD msec following a transmit, by setting output pin RB1 high as defined in TBD doc number “Gulper: Node Controller”.  

GULP-0100: The firmware shall implement a CPU watchdog functionality such that the watchdog is initialized to expire at <= 576 milliseconds. 
3.2. Software Design Specification

3.2.1. Top-Level Design
The AUV Gulper is designed to be a client only on a multidrop RS-485 bus. Its only interface on the RS-485 bus it to the MVC. See below:


[image: image1]
The software executes on the PIC microcontroller and simply waits for a command in the idle state. A BIT routine verifies that the PIC is in receive mode only. Addressing is achieved via hardware DIP switches, and each PIC controller is designed to respond to its address only. It is assumed that there will be a unique address for each PIC controller on the bus and that there will be only one bus controller (the MVC). 

Once a command is received, it is validated. Upon successful validation, the command handler processes the command appropriately. There are four commands total. One of the four outputs digital IO, while the other three return data on the RS-485 bus. It is important to note that to retrieve an accurate state of the system, the MVC will have various timing and sequence requirements imposed on it when interfacing to the PIC Controller. For instance, a status command issued by the MVC may return “sample fired = True”. However, this doesn’t necessarily mean that a sample has actually been acquired (or even fired). It simply means that the PIC has received the fire command and has set the appropriate pin high. 
A top level diagram of the software is listed below:


3.2.2. Detailed Design
The AUV Gulper design is composed of the following CSCs:

1.) Gulper_Main

2.) Command_Handler

3.) RS485

3.2.2.1. Gulper_Main CSU List

get_elapsed_time: Returns the elapsed time from start_timer to present. 

rtcc_counter: Clock ISR that populates the timer variable. 

start_timer: Initializes the elapsed time counter variable to zero and enables the interrupt to begin populating the counter variable. 

main: Main operational loop. Makes calls to get new message and to built in test routines. Also calls initialization routines, initializes the microcontroller, and enables interrupts. 

BIT_Check_UART: Built in test routine that checks the UART mode. If the UART is held in transmit mode greater than 2 seconds, a software reset will be initiated. 
software_reset: Infinite loop to hold program counter until watchdog timer resets the microcontroller. 
proximity_ISR: ISR that handles the proximity sensor external interrupt. 
pin_position_status: Returns boolean value – True for pin retracted, False for pin not retracted. 
proximity_status: Returns boolean value – True for proximity sensor activated, False for proximity sensor not activated. 
sample_status: Returns boolean value – True for sample taken, False for no sample taken yet. 

set_sample_status: Allows the sample status variable to be set true or false. 

sw_version: Returns a string containing the version of software running

3.2.2.2. Command_Handler CSU List

handle_fire_command: Starts the elapsed time and sets pin C0 high. 

handle_query_command: Calls get_elapsed_time to retrieve the elapsed time and calls send_response to send it to the MVC.  

handle_status_command: Calls sample_status, proximity_status, and sample_status and sends the data in 4 bits to the MVC with send_response. 

handle_version_command: Calls sw_version to retrieve the ASCII string and sends it to the MVC with send_response. 

initialize: Sets all variables used by the Command Handler to a known initial state. 

3.2.2.3. RS485 CSU List

Incoming_rs485: ISR that handles incoming UART data. Stores incoming data in a buffer and sets a new message variable to true once a full message is received.

RCV_Off: Sets the UART to transmit enable mode by holding the receive enable and rs485 enable pins high.

RCV_On: Clears the receive buffer and sets the UART to receive enable mode by holding the receive enable and rs485 enable pins low.

rs485_init: Initializes RS-485 bus variables and interrupts.

get_new_message: Checks for a new message in the buffer and verifies the command. Calls send_bad_command if the command is not supported. 

send_message: Sends data over the RS-485 bus. Returns true if successful and False if not. Takes input in the form: To Address, From Address, Length, Data.

send_response: Calls send_message and waits for data to be transmitted out the UART prior to returning. 
wait_for_bus: Waits for RS-485 bus to become idle and strobes watchdog timer. 

verify_checksum: Verifies the incoming data based on the checksum. Makes call to report a bad checksum to the MVC. 

send_bad_checksum: Reports bad checksum to the MVC in the form: “?1BAD CHECKSUM”. 

send_bad_command: Sends a bad command error response to the MVC in the form “?1COMMAND ERROR”. 

3.2.3. Requirement to Design Traceability
Traceability is maintained in the design to the CSC level. Traceability to design is as follows*:

	Total Reqs=
	16
	
	

	
	
	
	

	Software Requirements
3.3.3
	
	Software Design 3.3.5
	Requirement

	
	
	
	

	GULP-0005
	
	3.3.5.1
Gulper_Main
	GULP-0005
GULP-0010
GULP-0020
GULP-0030
GULP-0075
GULP-0080

	GULP-0010
	
	3.3.5.2
Command_Handler
	GULP-0035
GULP-0040
GULP-0045
GULP-0050
GULP-0055
GULP-0060
GULP-0065

	GULP-0015
	
	3.3.5.3
RS485
	GULP-0015
GULP-0025
GULP-0030
GULP-0070

	GULP-0020
	
	
	

	GULP-0025
	
	
	

	GULP-0030
	
	
	

	GULP-0035
	
	
	

	GULP-0040
	
	
	

	GULP-0045
	
	
	

	GULP-0050
	
	
	

	GULP-0055
	
	
	

	GULP-0060
	
	
	

	GULP-0065
	
	
	

	GULP-0070
	
	
	

	GULP-0075
	
	
	

	GULP-0080
	
	
	

	
	
	
	


* Reference the traceability matrix in this programs SDF for full traceability.

4. Qualification Requirements
4.1. Test Plan

4.1.1. Test Setup

The test setup for AUV Gulper will include the following hardware:

1.) PIC Controller board

2.) Power Supply

3.) MPLAB ICD 2 In-circuit debugger

4.) Oscilloscope and assorted probes
5.) uLinks RS-422/485 USB adapter

6.) Proximity sensor with magnet (may be substituted for jumpers) to simulate proximity sensor interrupt.

7.) Windows development PC

8.) Various jumpers

9.) PIC Controller Board
10.) MBARI custom JTAG connector for use with the MPLAB ICD2 

The test setup for AUV Gulper will include the following software:

1.) MPLAB IDE by Microchip

2.) Com 76 by TGL Micro

3.) All AUV Gulper test suite scripts
4.) Drivers for MPLAB ICD2 and ULinks adapter

Access to various pins on the PIC controller board is necessary for software testing. Testing the software on an equivalent development board may be necessary. 

Connect the uLinks adapter GND, RDB(+), and RDA(-) to the level shifter on the PIC Controller board. Power the PIC Controller board. 

4.1.2. Test Approach

The majority of the software testing will be functional and requirements based. However, to fully test the entire implementation, a portion of the testing will be structural (i.e. “white box”). These areas of testing will involve portions of the software that control resets or error conditions where, due to hardware constraints, the test system cannot appropriately simulate the desired inputs. Since structural testing requires source code to be developed, some structural test procedures will remain TBD until later in the development cycle. Any test anomalies will be noted and explained in the Software Test Report (section 5.3). 
4.2. Test Procedures

TP0005: 

Inputs: Get Version command

Expected Results: ASCII version number

Satisfies: 25, 65
Apply power to the board. Using Com 76, load script “version.bin”. Verify the software version number is returned in a string to the COM port. 
TP0010: 


Inputs: Get Status Command



Proximity: 0



Pin Puller: 0


Expected Results: 0000


Satisfies: 25, 60

Using external jumpers and/or proximity sensor, simulate the above inputs. Using Com 76, load script “status.bin”. Verify the expected results (sampled fired, pin-puller, and proximity sensor all false).

TP0015: 


Inputs: Get Status Command



Proximity: 1



Pin Puller: 0


Expected Results: 0001


Satisfies: 25, 60, 30

Using external jumpers and/or proximity sensor, simulate the above inputs. Using Com 76, load script “status.bin”. Verify the expected results

TP0020: 


Inputs: Get Status Command



Proximity: 1



Pin Puller: 1


Expected Results: 0011


Satisfies: 25, 60, 30

Using external jumpers and/or proximity sensor, simulate the above inputs. Using Com 76, load script “status.bin”. Verify the expected results

TP0025: 


Inputs: Get Status Command



Proximity: 0



Pin Puller: 0


Expected Results: 0001


Satisfies: 25, 60, 30

Using external jumpers and/or proximity sensor, simulate the above inputs. Using Com 76, load script “status.bin”. Verify the expected results. Note: Since the proximity sensor was already activated above, the status should still return true for the proximity sensor. 
Cycle power to the board. 

TP0030: 


Inputs: Fire Command, Query Command, Status Command


Proximity: 1



Pin Puller: 1


Expected Results: see below

Satisfies: 25, 35, 40, 60, 30

Simulate the proximity sensor as false initially. Attach a scope to pin C0 on the PIC and set it to trigger on the rising edge. Using Com 76, load script “fire.bin”. Within 30 seconds of sending the script, simulate the proximity sensor as true. Run the script “query.bin” followed by “status.bin” and verify the following:
i. pin C0 held high for 150 msec (+/- 50)

ii. status = 0111
iii. query returns valid elapsed time. 

TP0035: 


Inputs: Fire Command



Proximity: 1



Pin Puller: 1


Expected Results: see below


Satisfies: 25, 35, 50, 60, 30

Simulate the proximity sensor as false initially. Using Com 76, load script “fire.bin”. Wait at least 40 seconds. Simulate the proximity sensor as true. Run the script “query.bin” followed by “status.bin” and verify the following:

i. status = 0111

ii. query returns elapsed time of 0 (despite proximity sensor being activated) 

TP0040: 


Inputs: Query Command



Proximity: 0



Pin Puller: 0


Expected Results: 0


Satisfies: 45

Cycle power to the board. Using Com 76, load script “query.bin”. Verify that the elapsed time output is 0. 

4.3. Test Report

Test Report TBD.
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