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1 Introduction
1.1 The Problem
Over the past decade, the world has undergone a rapid Information Technology Revolution.  Ideas that were once unfeasible due to technological and physical limitations are receiving renewed interest thanks in large part to developments in wireless communications.  This movement, in conjunction with environmental calls for increased efficiency in power consumption, has given rise to the idea of a “Smart Building”—a building that actively monitors itself and the people inside to make informed decisions about lighting, appropriate thermostat levels, and safe exit pathways in the event of an emergency.  Today’s buildings are so large in size that a simple fire alarm does not give the occupants enough information for a safe evacuation.  For instance, if a fire were to break out on the lower level of a high rise, the people in the upper floors would not know which stairways offer the safest exit.  Conventional smoke detectors do not give any information about the localization of the fire.

Our goal is to implement a wireless sensor network with the ability to detect fires and relay the information to a central base station.  With the layout of the building taken into consideration, this central base station will then transmit a signal back to its remote sensor modules and illuminate lighting to indicate the safest route for exit.  Our sensor modules and base station will be robust enough for future expansions in other areas related to safety and power efficiency (such as lighting and thermostat levels).   In addition to fire localization, our remote nodes will provide information regarding human presence in the room to the central base station to aid rescue workers in finding people in need of help.

1.2 The System Requirements
To that end, our wireless sensor network needs to meet the following requirements:
Remote Sensor nodes that…
Operate independently: Sensor boards operate off battery power for a minimum of two weeks.  This may be improved in future iterations, as the focus of this revision is to implement the core functionality.  Batteries are essential to the operation of a wireless sensor network giving the remote nodes higher degrees of freedom in mounting.  Since last semester, we decided the board should also be robust enough to incorporate charging circuitry so that the batteries can be recharged by simply plugging an AC adapter into the node.  With two possible sources of power, the board is able to function under many circumstances. 

Receive and transmit wireless data with a central base station:  This required the development of a wireless protocol and the design of a signal architecture.  Once again, wireless transmissions allow for a greater degree of freedom in remote node placement.  Transmitted information includes data from the sensors, while received information includes LED, fire, and emergency instructions.

Indicate safe evacuation pathways: Each remote node is equipped with an LED array to indicate which direction (left or right) should be taken to get to the safest exit.
Detect both fire hazards and people in the area:  Temperature sensors are used to detect fire hazards.  Initially, we wanted a smoke detector for fire detection as smoke is the most reliable indicator of fire.  With a smoke detector, however, there were certain irreconcilable interfacing issues.  A passive infrared motion detector is used to detect human presence.

Are presented in practical packaging for robust mounting and aesthetics:  Packaging allows us to protect internal circuitry, as these devices may face environmental hazards.  A mounting bracket and screws can secure the module to a wall or ceiling.  Appropriate alterations to the case were needed to ensure that the temperature sensor accurately reflects ambient environmental temperatures and the PIR sensor accurately detects human motion.
Include the possibility for future expansion: A real time clock is included in the event that future groups would want to synchronize all the nodes for more efficient data communications.  Moreover, a button battery is included as a fail safe in the event that main power is lost to the node.

A central control board that…

Receives and transmits wireless data with the sensors modules:  Central control board receives all of the remote sensor information, processes the sensor data, and then replies to the remote sensor with the appropriate response.  
Processes information from sensor boards and responds appropriately:  The central node receives the temperature from the remote node and then determines if the data reported actually constitutes a fire.  The geographic position and location of each remote node is hard-coded into the central.  In the case of fire detection, the central control board tells each node to illuminate appropriate arrows to direct building occupants toward a safe exit.
Communicates with a computer:  A graphical computer interface (GUI) provides a clean display of sensor information and data processing.  Also, the GUI is able to send the sensor network into a simulation mode to test the proper functionality of each node in the network.  
1.3 High Level Description of Solution
The operation of our sensor network revolves around its wireless communications.  After the remote node reads the temperature and PIR sensors, it initiates the information exchange between the central and remote node when it sends a packet to the central.  The central node in turn reads in the data packet, interprets the temperature and PIR information, and determines if emergency action needs to be taken.  The central node then responds to the same remote node if the system is in emergency mode, and if so which direction (L/R) needs to be illuminated.

The above process describes the information exchange between one remote node and the central.  After this is done, the remote node goes to sleep for a brief period, thus giving the other nodes opportunities to initiate their own communication with the central node.  This is an ongoing process with each remote node periodically issuing its own sensor updates to the central node for processing.
1.4 Meeting Our Expectations

By and large, our sensor network accomplishes everything we set out to do.  The remote nodes accurately report temperature and PIR data to the central.  In turn, the central handles safe exit calculations and return communications with equal reliability.  Perhaps the biggest surprise is how well the GUI communicates with the central node.  Considering that they communicate through the USB-serial port using two different programming languages, the GUI and the central share information with surprising ease.  Further clever programming regarding error handling in wireless transmission between nodes ensures that our network remains operational for a very long time.  For a while, we were forced to reset our nodes repeatedly to clear some of the error states.  Our final deliverable is robust enough to rectify many of the errors inherent in our transmission architecture.

This is not to suggest that everything performs exactly as we would like.  Although the temperature sensor is a suitable substitute for fire detection, it is not as accurate as an actual smoke detector.  Furthermore, the enclosure for the remote nodes is not the best.  It does not have enough headroom to fit the board, the rechargeable batteries, the LED arrays, and the PIR sensor comfortably.  This is especially disconcerting because the LED arrays and the PIR are connected to the board using jumper wires as opposed to ribbon cables, which would have provided a better contact to board pins.  The last issue with the case is that we had to cut a number of holes in it in order to reach important components like the USB port, the power port, the reset button, and the power slide switch.  Fortunately, most of the issues with our final product are easily fixed with another revision.
2 Detailed Project Description
2.1 System Theory of Operation
Our project can be broken down into the following functions: 

Sensor/controller boards or Peripheral Nodes: These boards are the heart of the project.  Each of these self-designed boards are controlled by a microcontroller and have the capabilities to process any of our sensors or actuators, including temperature sensor, PIR sensing, and emergency LED arrows.  Each board is programmed with the same peripheral code but given a different address.  Each address corresponds to a location so that the central knows where the boards are and thus where the fire is.  It then can command the board to light the appropriate arrow based on the location of the fire and the location of the node. 

Sensors

· A temperature sensor is on-board for the detection of fire hazards. 

· A motion detector for determines human presence in an area.  

Actuators

· On the peripheral node, the actuators in a fire are LED arrow arrays that can be enabled to indicate the direction to an exit in case of an emergency. 

Communication

· S/C boards communicate via a wireless Zigbee protocol. 

· Communication is interrupt driven on one central node.  Each peripheral sends its information every 6 seconds and the central receives when the Zigbee card on it generates an interrupt. 
Power

· Peripheral nodes are battery powered and be designed to have low operating powers, based on consumption profiles of microcontroller, sensors, actuators, and communication blocks.  The peripheral nodes are only in the sending and receiving state every 6 seconds and thus do not take as much power because the Zigbee card returns to sleep when it is not communicating with the central.  The nodes last a long time on battery power.

· The peripheral nodes can be recharged in their casing via a charging circuit installed on each node.  The charging circuit takes the input of the AC converter power brick and charges the batteries in 2 hours.  The nodes operate on the wall power while being charged.

Main controller board or Central Node: A central hub device used to coordinate information and processing between the individual sensor/control boards.  It has the same wireless capability as the other boards except that it is always in the listening state and communicates with peripheral nodes via interrupt driven communication rather than just sending every 6 seconds like the peripherals.  It does not have the same sensing capabilities implemented in the peripheral nodes; although the hardware is there.  It also does not run on batteries, only the AC Power adapter because constantly being in the listening state takes more power.  A computer connection is used to display information that the controller is processing.  A Graphical User Interface (GUI) set-up in Visual Basic takes the information on the central node and displays it on a map of the building in a meaningful fashion.  This includes temperature and presences as well as emergency mode arrows. 

Major interfaces between system components include the following: wireless communication between the sensor and main controller boards (including peripherals giving the central node their data and the central node sending control bits back to the peripherals), transmission of sensory information between a temperature or motion sensor and the sensor board, implementation of a command between a sensor board and an actuator, and communication between the central board and the GUI.  The controller board is the board that makes the decision to take the system into emergency mode.  The current temperature threshold is 38°C.  When this threshold is reached, the central node sends the emergency signal to the peripheral nodes and GUI.  It also tells the nodes which arrow to light for safe exit from the building.
2.2 System Block Diagram
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Figure 1: System Block Diagram
2.3 Detailed Description of Subsystems

1. Temperature Sensor

The temperature sensor used in this project is the TC72-3.3MUA by Microchip
.  It was chosen for a few reasons.  First of all, it has a high temperature range going up to 125(C, which is useful when fires need to be detected.  Second, it uses 4-pin SPI to communicate with the central node and this is the same communication set-up for the Zigbee so the wires and technology were already a known quantity.  Third, it runs on 3.3V which was the power supplied to the board for logic.  Finally, it comes in a small but still able to be soldered by hand SOT package.  
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Figure 2: Schematic of Temperature Sensor

The schematic for the piece is quite simple and can be seen in Figure 2.  The entire board schematic is in the appendix.  The temperature sensor is connected directly to the microcontroller on four pins.  Micro. pin C3/Temp. sensor pin CE is the clock pin for the SPI communications.  Micro. Pin C4/Temp. sensor pin SDO for sensor output, micro input in the SPI communication.  Micro Pin C5/Temp. sensor pin SDI for sensor input, micro output in the SPI communication.  Micro. pin D4/Temp.Sensor pin CE is the chip select pin, high when communication with the microcontroller is enabled.  Pin 8 or VDD was tied to 3.3V and pin 4 or GND was tied to ground.  Pins 1 and 7 or NC1 and NC2 were left unconnected on the board.

A few factors needed to be taken into consideration when programming this board.  The SPI is set up such that the data is shifted on the rising edge of the clock and clocked on the falling edge.  This means that when CE goes high, the first transmission does not occur until the transition from idle to active clock state.  There are four different timing setting for the micro. and this setting for the temp. sensor is not the same as for the Zigbee card.  The timing diagram from the micro. datasheet can be seen in Figure 3.  The lower clock line is the one that applies to the temp. sensor.  After that, the SPI just needs to be enabled on the micro., and there are really only two functions needed to make this work (aside from a simple init_temp that sets the chip select pin, D4, to an output).  The two functions are take_temp and read_temp.  Take_temp sends the information to the temperature sensor to take a one-shot temperature reading.  This means the sensor turns on its temperature sensing capabilities, reads the temperature, and goes back to sleep.  The temperature reading will be waiting in the SPI register 120ms later.  Then read_temp can be implemented to read the temperature, in 10-bit two’s compliment form for every 0.25(C.  The SPI connection receives two bytes from the temp. sensor in order for the micro. to receive both the most significant 8-bits and least significant 2-bits (and then 6 unimportant filler bits).   The ten important temperature bits are then combined and the 2s complement value is converted into a signed integer of .01(C steps for communication with the central node and later passing to the GUI.  The temp. sensor then sends its configuration information.  This information is not saved but needs to be received in order to complete the read transaction on the temp. sensor.  No other control or configuration is necessary, and the sensor does not need to interact with any other subsystems except the controller.  It does use the same SPI line as the Zigbee card, but timing with that has not been an issue on the peripheral boards.
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Figure 3: Timing Diagram for Temp. Sensor (bottom line)

The flowchart for the software can be seen in Figure 4 and Figure 5.  The actual programs were written in C and programmed to the boards with Source Boost IDE; they are in the Appendix.
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Testing of the temperature sensor was also quite simple.  Once the sensor was soldered to the board and the serial to USB converter was known to be working, a program initialized the SPI interface with the temperature, ran the take_temp function, delayed for 120ms, and ran the read_temp function.  It then displayed the temperature to the HyperTerminal using the serial port and USB to serial converter.  If the temperature in .01(C seemed reasonable and would increase or decrease in steps of .25(C reasonably well, the temperature sensor passed.  It could then be used reliably in the higher level programming.
2. Passive Infrared (PIR) Sensor

The PIR sensor used in this project is the Parallax 555-28027
.  It also is a simple design that just needs one pin on the microcontroller.  The logic of this piece is such that the output pin goes high when a person is detected and continues to pulse as long as the sensor detects motion and then the output pin goes low.  This sensor was chosen because it takes 3.3V supply voltage, has a simple programming interface, and comes ready to mount in our packaging.  
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[image: image6]
The schematic for the part can be seen in Figure 6.  The entire schematic and layout of the board is in the Appendix.  The connection pin, micro. B4/PIR sensor OUT, goes to a wiring harness on the board as do the +/- power and ground pins (using the 3.3V supply on the board and the common board ground plane).  The sensor is mounted directly on the faceplate of the packaging so that it can see the room outside of the package.

The logic for the PIR sensor is controlled by interrupts.  When the B2 pin goes high, an interrupt is generated and the micro. goes into an interrupt service routine.  In the routine, a timer is cleared and the presence bit is set to high.  A counter is also running that counts how long it has been since a person has been detected.  If a timer on the micro. overflows, it generates an interrupt that increases the counter.  If the counter value gets too high without being cleared by the B2 interrupt, the presence bit is set to low.  In general, because the sensors are currently in a hallway and if people are present, they should be moving, the counter overflow value does not need to be that high.  It is currently 30s.  The logic system flow diagram for the code is in Figure 7.  The code for this routine is in the main program attached in the Appendix.
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Figure 7: Software Flow Diagram for PIR

The sensor was tested once the header pins for the wiring harness on the board were soldered and the serial communication was working.  The above software flow was written and the value of the presence bit was written to a HyperTerminal every few seconds.  If the presence value started low, went high when one waved a hand in front of the sensor, and then went low after no movement for 30s, the sensor was working.  The range of the sensor, given in the specifications as 20ft, was also tested.  The sensor detected motion across the learning center which is greater than 20ft long, so it seems to be able to perform at the listed specification and works quite well in a narrow hallway.

3. LED Directional Indicators
The LED directional indicators point building occupants towards the safest building exit. Each node has two arrows, one pointing to the left and one pointing to the right. The arrows are always unlit unless the system has detected a fire and entered emergency mode. If a fire has been detected, programmed logic in the central node determines the correct arrow to illuminate based on the location(s) of the fire(s). Upon communication with a peripheral node the central node passes the arrow direction to the peripheral, causing the arrow to illuminate.
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Figure 8: LED Schematic
In order to make the arrows eye catching, we have used very bright LED’s with a rating of 1500mcd
. Each LED has a voltage drop of approximately 2V, so the seven LED’s for each arrow are all connected in parallel in the circuitry to minimize the total voltage drop. The LED’s are on a separate wiring harness, to allow them to be prominently displayed on the packaging in the shape of an arrow. One end of the harness is connected to power, and the other end is connected to an NMOS. The gate of the NMOS is connected to an output pin of the microcontroller. When the pin is high, the LED is illuminated; when low, it remains unlit. 

The main required testing for the LED’s was to test the direction of the arrow for each location in our network. Each node was tested for various fire scenarios in order to verify that the arrow would point to the safest exit. Arrows had to be tested for both actual fire mode and simulated fire mode to ensure that they were illuminating correctly for both situations. 

4. Microcontroller

The microcontroller used for the sensor network is the PIC18F4525 from Microchip.
 This controller fit our specifications and provided extra I/O pins for added flexibility later in the project. Necessary features were 3.3V logic, low power sleep mode, SPI interface for Zigbee communications and other parts, USART for USB-Serial connection, internal timer, EEPROM for nonvolatile storage, interrupt capabilities, surface mount packaging, and greater than 25 I/O pins for sensor and actuator connections. The PIC18F4525 has these features, including 36 I/O pins to provide flexibility in adding more sensors and actuators later. See the appendix for complete pinout.
5. Power and Charging Circuitry
The power consumption levels of the central and peripheral nodes have not yet been studied. However, based on specifications for our major parts, an estimate can be made for consumption levels and the power source was chosen based on these estimates for the peripheral nodes, and the requirement of on board charging. The central node, which is in near- constant communication and thus consumes the most power, must be connected to the wall outlet via power brick. In real application, the LED’s will only be lit in case of an emergency, in which the building is evacuated. The power usage calculations assume that the LED’s will only be on for one hour because the building should be evacuated by that time. Based on the estimates and options for power sources, the 2700mAh NiMH rechargeable batteries were chosen to power the boards. These batteries should provide a lifetime of nearly two months, assuming the LED’s never light until the very end. The power calculations include items such as the DC-DC converter for the LCD, and the FT232RL for USB-Serial communications. On the final product, these parts are not necessary as the USB-Serial connection and LCD are not used on the nodes during normal operation. Their elimination could extend battery life by roughly 5%. The voltage regulator LP2950
 was chosen because it is a low power regulator that is designed to output up to 100mA. At the normal operating levels for the nodes, bias current for this regulator are below .1mA. 
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Vreg (LM2950-3.3)
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PIR

3.3
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DC-DC converter (MCP1252/3

3.3/5
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N/A
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0.20

2.97%

Battery charger (Max712)

3.3
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Totals

2.01718

6.66

100%

Active time (hrs)
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LEDs active

3.3

0

16.1

1.00

16.10

Battery

Capacity 

(mAh)

Less LED 

power 

(mAh)

Voltage (V)

Lifetime (h)

Lifetime 

(days)

Single 9V non-rechargable

600

583.90

9

289.46

12.06

Four AA non-rechargable

2600

2583.90

6

1280.95

53.37

Four series NiMH AA rechargable

2700

2683.90

6

1330.52

55.44

Current (mA)

Table 1
[image: image31.png]v

*C

Q
E
\VED h_ R
o va.,
VLD
VDD cio _Jes Jee _Jor oo e ot o - Csiza0 "
. e \) MO-206 I N
e P850 TuF uF W Tu= e T]AF TuF TuF S ) vde 9=
B GV OCe 5 ou b B2 o Y . 4 o
v " PeofVEg] 0 | sk ERYS N o
RN i o DOUT N [
,WN_U [ GHZ o D L Ozu Eole] L
- = B £
o GUn N
o Xo f
- 5 < 3 cal s
o
=
PNETTT
MGE) EAT ETTVHCIDER WDNCHARNESS
posifvEc
e g
E 5 S VDD
=17 HRE[SToNC2477 370 o
121 . 20
. - IR 7
= == i . i7 B =
P = WELRAITHY peripey (L o
e It 5 s e s o e
- o REJ - H! L -
- o =Roc - <) p [ l B g
Bl L —— 4 2 Sang Fonir0) [0 E
z . ReLTNCA R
FRSTCRG |2 o mm @ ED ] 5 0 25LCE405M
20 Gephale b = L REDRDEANG - - E4
5 a° 2 RescswaN? veg [ =
RATT- i PSPTRN? N =
i E Paourbs [ . d B
RE= P3PGRDT -
= aTT- &fin — PSPURL L o <7
& THI - o RCOT 080 RRRCT - N2
b e 1c5 oz g Tinch [z o o
10 oo £ RC2/CCF1 — —
&0 =L Al pzoz0  srrer — e o -
o — . R T+ wIuT e RO3/PSP3 — -
o WERTTECoE Xo e i e o 2 e reanera [0 . B e o
1 cho o — 5LP 5CH
W IE=s=a oo e
" MCP1252 | =k
AW B J om0 E
S S 1qis _|oon TZDRUGE IR &=
- " Tour a1 e - X
a1 pe T Yo
o i
Kims| o AT ey fXe)
HUpE™A
_o nUw & VoD
YA ?
0 Gt
O C v
o) 1c4
. -0 B weo RO FU0E
VLI b v s fe) ~1s# A
5o S e
ahg g - o 4 cen DSR#
3 ST N o O
i
T T’
cevsa
. + Crust
" o 3IOLT  CLUB2
o cEus3
Do - JeBDn CEUS4
3 Cw ISRNM
I
£
_ FTZ32RL




For on board charging, the MAX712 from Maxim
 was chosen in lieu of designing an entire charging circuit. The MAX712 has both fast and trickle charge capabilities and automatically switches between the two based on its monitoring of the batteries’ charge status. Essentially this chip provides a completely autonomous charging system. As shown in Figure 9, Maxim provides a typical configuration for the functional pins with only R1 and Rsense to be chosen by the end user. The MAX712 also has four programming pins that are hardwired to set the number of cells, the maximum time for fast charging, and the ratio between fast and trickle charge. The current design uses four AA cells and the maximum time for fast charging is set to 264 minutes, which is the maximum possible setting, chosen because of the high 2700mAh capacity of the batteries. The schematic and board layout include 0 Ω resistors to allow the fast charge timeout settings to be changed. See the Appendix for full schematic and layout. R1 was calculated using a given formula from the data sheet: R1 = (minimum wall cube voltage – 5V)/5mA. With a minimum cube voltage of 7V, R1 = 400 Ω. Rsense was calculated based on the fast charge current Ifast = battery capacity/charge time = 2700mAh/264minutes = 614mA. Rsense is then .25V/Ifast = .4Ω. Future work needs to be done to determine the optimal setting of these programming pins for the specific batteries used and for monitoring the charge status of the batteries on the microcontroller, but the charging circuitry is functional.
6. Wireless Communication
a. Hardware Description

We decided to use Zigbee specification as our form of wireless communication between the central node and the remote sensor modules.  Zigbee is the cost effective and low power wireless alternative that made it more attractive for our project over competitors like Bluetooth.  Each transceiver can reach a range of 10-75m, but our range will be on the lower end of that spectrum because we will be operating indoors and expecting the signal to pass through thick, concrete walls.  It operates using the IEEE802.15.4 standard at 2.4GHz globally and can transmit at data rates via SPI from 250kbit/s to 2 Mbit/s.
We chose the Atmel AT86RF231 as the IC transceiver.  Its supply voltage and currents for each mode of operation are shown in the table below.  

Table 2
	AT86RF231

	IC Type
	Transceiver

	Operating Frequency
	2.4 GHz

	Channels
	16

	Supply Voltages
	2.0V – 3.4V

	Transceiver Sleep Mode Current
	0.02 uA

	Transceiver Idle Mode Current
	0.4 mA

	Transmit Mode Current
	14.3 mA

	Receive Mode Current
	13.2 mA

	Single unit price
	$3.52


The ATMEL transceiver is not a stand alone IC and requires a few external components as shown in Figure 10.  
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Figure 10: Zigbee Daughter Card
From the diagram, we can see that we need an antenna, crystal oscillator, and decoupling capacitors.  Professor Schafer graciously allowed us to use the Zigbee daughter cards designed from a previous year in our design.  We used an on-board antenna for the card to save headroom in the enclosure.  This decision may have had some effect on the weaker range of our wireless communications.  The transceiver is connected via an SPI interface to the microcontroller as shown in Figure 11.  
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Figure 11: Zigbee Hardware Interface
The Zigbee transceiver will run in master mode taking its clock signal from the main board.  As such, the SCLK line in the figure is connected to pin SCK on the microcontroller.  The /SEL line is the chip select needed for SPI communication and is connected to pin RD0.  The /SEL line is cleared to begin any SPI communication with the transceiver and then reasserted to end any communication.  SPI allows for communication to the transceiver and from the transceiver to occur simultaneously.  This is accomplished with a dedicated Master Out Slave In (MOSI) line connected to pin RC5 and Master In Slave Out (MISO) line connected to RC4.  As our wireless communications is interrupt driven, the interrupt request (IRQ) line is connected to the INTO/BO pin on the microcontroller.  The IRQ line is used exclusively to indicate when a packet has been completely received or transmitted.  /RST is the reset line and is cleared on pin RD1 when we want to reset the transceiver to its default state.  The final two lines, DIG2 and SLP_TR are not necessary for our purposes.
b. Software Description: SPI Register Access
Programming the wireless communications involved an iterative process with each successive library building upon the framework of another.  At the base of our wireless communications is the SPI library (see SPI_lib.c in the appendix) which contains the function to initialize the SPI communication.  Of particular importance in the SPI_int()  function is configuring the SPI clock signal, setting the clock frequency to 5 MHz ( system clock of 20MHz/4 = 5 MHz), and setting the appropriate tristate registers for SPI communication.  
To test the SPI library, we needed to create some functions that read and write to registers on the transceiver and see if we were getting the default values indicated in the transceiver datasheet.  Reading from a transceiver register involves the following process and is illustrated in Figure 12:

1) Loading a command byte into the sspbuf register on the microcontroller

2) Waiting for the buffer full flag on the sspstat register

3) Sending junk byte to the sspbuf register denoted XX

4) Waiting for the buffer full flag again

5) Reading byte from the sspbuf register which is the register data on the transceiver
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Figure 12: Register Read
Similarly, writing to a transceiver register is done with the following procedure and illustrated in Figure 13:

1) Loading a command byte into the sspbuf register on the microcontroller

2) Waiting for the buffer full flag on the sspstat register

3) Sending data byte to be written to desired register

4) Waiting for the buffer full flag again
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Figure 13: Register Write
After we proved that our SPI register read/writes were working correctly, we were able to write an initialization function for Zigbee communications.  This initialization function set the correct tristate registers for the Zigbee pins, unmasked the TRX_end interrupt flag on the transceiver, wrote the correct PAN and short address for the node, and set wireless communication registers.

c. Software Description: Frame Reception
The next task was to see if we could actually read a valid Zigbee packet.  To ensure proper handshaking between the central and remote nodes, we used the extended feature set on the transceiver which included the receive auto-acknowledge state (RX_AACK_ON).  The finite state machine for the extended feature set is shown in Figure 14: 
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Figure 14: Extended Feature Set Finite State Machine
The zig_set_state function moved us through the different states by writing a hex value to the TRX_state register on the zigbee transceiver.  Each state had its own corresponding hex value.  For reading Zigbee packets, we used the receive auto-acknowledge state (RX_AACK_ON), which issues an acknowledgment to the transmitting node after the initial packet was received successfully.  To get to this state, we must first be in TX_OFF, and then write 0x16 to the TRX_state register.  The detailed flowchart for this receiving process is shown in Figure 15:
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Figure 15: Read Frame Flow Chart
A key feature to note in this flowchart is the address filtering, which means that a node will not receive a packet unless the node’s address matches the destination address given in the packet header.  That way, we do not have to worry about a remote node reading and then acting on a packet intended for its neighbor.  If the address matches up, then the transceiver continues reading the packet.  Another important thing to note is that the IRQ flag TRX_END asserts at the end of successful packet reception.  In our code, we used this interrupt at signal to trigger our interrupt service routine.  In the interrupt service routine, a semaphore is set which signals the program to continue execution.  Our receive_frame function is essentially a series of SPI register reads from the transceiver using the following procedure:


1) Write the command byte to sspbuf to enable reception


2) Wait for the buffer full flag in sspstat


3) Write junk data (denoted XX) to sspbuf 

4) Wait for buffer full flag


5) Read the frame length (denoted PHR)


6) Repeat wait and reads for the length of the frame
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Figure 16: Frame Read Register Progression
We tested frame reception by seeing if our board could read and then display a simple 2-byte counter packet being broadcasted from a wireless mote.  As a further check, we used the packet sniffer to ensure the packet sent by the mote was in fact the packet displayed by our board.  To ensure that address filtering was functioning properly, we wrote different short addresses to a node and checked if a packet was still received even if there was not a match between the packet’s destination and the node’s short address.
d. Software Description: Frame Transmission

After successfully demonstrating frame reception, we tackled the more difficult task of creating our own packets.  Again, we used the extended feature set of the transceiver for its transmit auto-retry (TX_ARET_ON) state.  This state automatically tries to send a packet a preset number of times if there was an error in its transmission.  An error in transmission can occur if the channel is busy with another communication or if the packet did not receive the acknowledgement it was expecting.  The transmission process involves this high level procedure:
1) Packet char array is generated with the generate_frame function 
2) Packet loaded byte by byte into sspbuf register while in PLL_ON state with the write_frame function
3) Transceiver sent to TX_ARET_ON mode

4) Packet transmission initiated by sending the transceiver in TX_START state

In the generate_frame function, the code assembles the packet in its expected order.  The actual composition of a valid IEEE802.15.4 frame is illustrated in Figure 17:
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Figure 17: Frame Composition
The FCF portion of the MAC Protocol Data Unit (MPDU) includes all of the configuration bits for the frame—the type of frame, the addressing mode, and acknowledgement mode are the key configuration bits in this section.  As previously alluded to, we strictly used data type frames and always requested acknowledgements.  The next section is the sequence number which increments itself each time a packet transmission is attempted.  The next field is the address field which is essential to address filtering.  Inside this section is the short address of the node attempting transmission and the short address of the destination node.  Because all of the nodes were on the same Personal Area Network (PAN), we defaulted every PAN address to 0x01.  For our purposes, the Security Header was ignored because we did not enable the security features.  The MAC Payload section of the frame contained all of the data unique to the operation of our sensor network.  Our payload with its default values is shown in Figure 18: 
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Figure 18: Payload
The temperature is stored as an int variable so it required two bytes in our payload with byte 2 having the most significant bits and byte 1 having the least significant bits.  Within the emergency byte, we only used 3 bits: PIR Sensor bit is a 1 if the sensor detects human presence; LED array indicator is a 1 for the left arrow and a 0 for the right arrow; and the emergency indicator is a 1 if the network detects a fire at any of the nodes.  The emergency indicator informs the remote node that it should illuminate an LED array based on the LED array indicator bit.  The final portion of the frame, the 2-byte Frame Check Sequence (FCS), did not need to be generated by us as it is automatically generated by the transceiver.  

After the frame is generated, the frame is written to the buffer in the PLL_ON state.  This is accomplished with essentially a series of SPI register writes to the transceiver:


1) Write the command byte to sspbuf to initiate frame transmission


2) Wait for the buffer full flag in sspstat


3) Begin by loading the frame header into the buffer 


4) Wait for buffer full flag


5) Repeat writing bytes and waiting for the length of the frame 
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Figure 19: Frame Transmit Register Progression
After the frame is written to the buffer, move the transceiver into the TX_ARET_ON state and then the TX_START state.  The signal flow of the TX_ARET_ON state is shown in Figure 20:
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Figure 20: Frame Transmit Flow Chart
At the end of the signal flowchart is the updating of the TRAC_STATUS register which indicates the success or failure of the packet transmission.  In the remote nodes, this TRAC_STAT register is read to see if any special steps need to be taken to ensure continued reliable operation of the network.  If the TRAC_STAT register indicates that the packet transmission was a failure, then the remote node skips its packet reception routine and continues transmissions until it achieves a successful transmission.

It is also worth noting that like frame reception, frame transmission is also interrupt driven.  The main program knows that the transmission is complete and it is allowed to continue execution when the IRQ flag fires from the assertion of TRX_END.

We tested the frame transmission using the packet sniffer.  We loaded a program very similar to the 2-byte counter used before onto one of our boards.  Essentially, the board would transmit a packet and then output the packet sent to the HyperTerminal window.  Then, we looked on the packet sniffer to see if what was read matched up with what we intended to send.  Once this was confirmed to be functioning properly, we loaded another one of our nodes with a program to continually listen for packets and display what it read.  When what was transmitted from one node matched up with what was read on the other, we knew that we had majority of our wireless communications figured out.

e. Wireless Communication Architecture

The communications architecture is rather simple for our network.  A remote node wakes up and initiates communication with the central node which is waiting in the receive state.  During this time, the remote node transmits the current values on the temperature sensor and the PIR sensor.  After the central receives this information, it will then send a return transmission to the remote node which indicates if the network is in a state of emergency, and if so, which LED arrow direction needs to be illuminated on that node.  This 2-transmission interaction typically occurs over the course of <100 ms.  When this interaction is complete, the remote node goes to sleep for 6 s and the central node goes back into its receive state waiting for a packet from another remote node.  The channel is now free for another remote node to wake up and transmit a packet to the central node.  Therefore, every 6 seconds, the central node will have communicated with all four nodes in our sensor network.  The communication architecture is shown in Figure 21:
[image: image20.png]Remote Node

®

@ Temp & PIR data

Remote Node

@ Emergency & L/R data

Central Node

Remote Node

®

Remote Node




Figure 21: Overall Communications Architecture

The numbers in the figure represent the order of the transmissions in a typical 6 second cycle of the wireless network.  This is a very simple architecture and is an area with significant room for improvement.  Future iterations of this project could consider adding routing nodes which would dramatically increase the range of the network.  As of now, we are restricted to having all of the nodes being within ~30m of the central node (likely because we are transmitting through thick concrete walls).  Routing nodes, which are easily implemented with Zigbee, show great promise in extending the scope and range of this sensor network.  Another possible area for improvement involves incorporating the real time clock chip on each board to synchronize all of the nodes in the network.  Synchronization allows for boards to sleep longer and wait in active receive states for shorter periods of time.  Bottom line, synchronization could be very helpful in extending the battery life of our nodes.
7. Graphic User Interface (GUI)
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Figure 22: GUI
The GUI provides a visual representation of what is happening in the system. It displays the current temperature and current PIR state (people or empty) for each of the four peripheral node locations. In the case of a fire, the GUI turns the room on fire red and displays the arrow directions for all four peripheral nodes. The GUI also provides a simulation fire ability, in order to demonstrate fire detection without actually raising the temperature of a node above the “fire” threshold. Data is transferred to/from the central node and GUI based upon the following diagram. 
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Figure 23: GUI /Central Node Communications Diagram
The central node sends the GUI the node location, emergency status, temperature, fire status, PIR, and arrow direction for a node. The node location specifies to which room the received data applies. A node location of 00002 corresponds to the Atrium, 00003 to the Hall to Fitzpatrick, 00004 to the West Hall, and 00005 to the East Hall. The GUI sends the central node a true/false byte specifying if the network is in simulation mode or normal operation. If it is in simulation mode, it also sends information specifying which rooms are in simulated fire state.

The flowchart for the GUI is as follows. The full GUI code can be found in the appendix.

The GUI is written in visual basic, which easily allows for communication between our central node and the GUI. Visual basic is an event-driven language, so all communications are based upon events occurring within the GUI. To start the data transmission over the serial port, the “start communications” button must be clicked. Once the serial port has been opened and data has been received, the GUI updates and displays last node talked to, emergency, temperature, fire, person, arrow, and serial port open in the text boxes in the lower right corner of the display. The PIR data is displayed in the correct room (East Hall, Atrium, West Hall, or Hall to Fitzpatrick) as “People” or “Empty”. The temperature is displayed as a number with two decimal places. A clock also begins running as soon as “start communications” is clicked. Every clock tick (every 1s) the GUI tries to receive information from the central node. The iterations text box shows how many times the information has been successfully received. When “start communications” is pressed, it changes to say “stop communications”. To end communication by closing the serial port, this button should be clicked.

The GUI also has simulation abilities. Checkboxes for each of the four peripheral node locations are located in the bottom left corner. When the “Light a Fire” button is pressed, the network enters simulation mode. In this mode the checked boxes indicate which rooms are on fire. This information allows the directions of the arrows to be determined. When a user wants to end the simulation, the same button, which now says “End Simulation”, can be clicked to return the system to normal mode. 

The first steps of testing the GUI were to make sure internal GUI events were functioning correctly. For example, we needed to verify that a button click did open the serial port or a checkbox could set a fire variable as true. Actually receiving information from the central node was the most important function of the GUI, so it was tested next. We compared data printed in HyperTerminal to data displayed in text boxes on the GUI. Once we verified that the data was being read correctly, we put the peripheral nodes in different states (fire, empty, etc) to make sure their current status updated on the GUI. The final functionality testing of the GUI involved sending simulation data to the central node. We had to watch the arrow directions of the peripheral nodes to determine that the correct fire locations were being transmitted to the central node and that the arrow logic was also functioning as designed.

8. RTC/Button Battery

The board design includes a place for a real time clock, DS1391 from Maxim.
 The DS1391 is a low voltage real time clock with SPI communications and a trickle charger for the button battery that serves as backup power. The button battery is a simple 10mm cell, P031-ND,
 with a BH401 holder,
 both from Digikey. Though currently unimplemented, the real time clock can be potentially used in future improvements of node coordination and in logging sensor data.

3 System Integration Testing

3.1 Central Node

Due to implementation of the GUI, the central node can act in one of two modes: normal mode and fire simulation mode.  The two modes only differ in how they update the nodes struct and the composition of the transmission frame.  In both modes, the central node must be actively listening to its remote sensors for the majority of the time.  After all of its components are initialized, the central waits for the tx_end semaphore to be set by the interrupt service routine.  The interrupt service routine is called only when the IRQ line from the Zigbee transceiver goes high indicating that the transmission/reception has been completed successfully.  

Once the central receives a valid packet, it needs to process the frame and extract the correct data to update the variables it has stored in the node’s struct for this particular remote sensor.  The node’s struct stores all of the information (temperature, human presence, arrow direction, whether or not a fire is currently at the node) for each node in the network.  

The major divergence between normal mode and fire simulation mode occurs when generating the return packet back to the remote sensor.  In normal mode, the central checks if the temperature received is above 38 degrees Celsius.  This is a fairly low threshold temperature for fire detection, but we do not expect the temperature inside a building to exceed this threshold unless there is something wrong with the building.  If the node is reporting a temperature that is too high or the system is already in emergency mode, then the central begins its exit routing calculations based on the locations of fires in the building.  It is here that the node locations are hard-coded.  In the future, it would be useful to be able to change node locations on the fly and have the locations automatically updated in the central.  However, this is beyond the scope of this project.  Based on the locations of fires in the building, the central will choose a direction to be illuminated by the remote sensor—left or right.  The emergency bit and the LED direction bit are added to the payload to be sent back to the remote node.

However, if the GUI indicates that it wants to run a fire simulation, then the process is slightly different.  The GUI sends the central which locations will have fires via the USB port.  Then, the central takes this data from the GUI and calculates simulation variables for LED direction and fire location.  The same safe exit routing calculation occurs here as in normal mode.  The simulation variables for LED direction and emergency state are then incorporated into the payload and sent back to the remote nodes.  During this simulation time, the actual temperature and PIR data from the remote sensor do not get updated in the node’s struct.  

After the return payload is created, the central then sends the GUI the sensor information from the remote node to refresh the computer screen.  To close the loop, the central sends its generated frame to the same remote node.  This process then returns to the beginning of the infinite while loop to set the central into its waiting to receive state.  The flowchart for the central code can be seen in Figure 25:
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Figure 25
Testing the central node software took considerable time, but the actual testing process was rather simple.  First, we had to ensure that the central node was reading the temperature and PIR data correctly.  We confirmed this by just outputting the variables to a HyperTerminal screen.  

Then, we had to make sure that central node and the remote nodes were communicating correctly.  This was done first between the central node and one remote node.  The remote node would output its temperature and PIR readings to a HyperTerminal window and then transmit our frame to the central.  The central would then read the packet, extract the temperature information and output it to the HyperTerminal window to make sure that the two nodes were in agreement.  To complete the process, the central would transmit its emergency and direction information to the remote sensor.  Once again, we would compare the HyperTerminal windows to see if they were in agreement.  To ensure full subsystem functionality, we would check to see if the remote node would illuminate its LED arrows correctly based on the emergency and LED L/R bits sent.

Once we had two nodes communicating correctly, we added the remaining three nodes to the system to ensure that each one would get its regular transmissions.  Because they were communicating so frequently, we used the packet sniffer to ensure that each node address was transmitting successfully on a periodic basis.  

After this was successfully demonstrated, we moved onto getting the GUI to function with the central node.  First, we demonstrated that the data sent from USB-serial interface from the central could be put into a readable form on the GUI.  The final step in testing of the central occurred when we were trying to get the simulation mode running.  From the GUI, we could see which rooms were on fire and which direction the arrows should be flashing.  The central node needed to read the serial communication from the GUI and then transmit the correct emergency directions to the remote nodes.  At the conclusion of this testing, we were able to demonstrate the full functionality of our system.

3.2 Peripheral Nodes
In conjunction with testing the central node and overall network operation, we also tested features that were unique to the peripheral node.  These included:

Recording and transmitting sensor information

Actuating commands delivered by the central node

Operating in an environment with other nodes

Dropped packet and message collision handling

In order to test that the peripheral nodes were properly actuating on central node commands, we first loaded up a pair of nodes with our central and peripheral code.  For testing purposes, we set the fire temperature threshold value at 26 degrees on the central node.  Then, with both nodes connected to PC terminals to print out debug information, we heated the peripheral node slightly to simulate a fire.  We confirmed that the central node was recognizing the simulated fire, and then also confirmed that it was relaying back to the peripheral node that it there was an emergency.  Finally, we confirmed that the peripheral node was lighting up the correct set of LED arrows as prescribed by the central node.

Throughout peripheral node code development, we tested our code in multiple-node environments.  This was accomplished by giving each peripheral node a unique address.  With our central node connected to a PC terminal, we loaded several boards with our peripheral node code and observed the debug output.  We confirmed that the central node was processing frames correctly from each peripheral node, and that each node was only processing frames that had destination addresses that matched its source address.

Occasionally during development, two nodes would try to send information to the central node at the same time.  This would cause one of the nodes to go into an infinite loop, as it would get stuck waiting for a return message from the central node.  In order to prevent this, we implemented several changes to our peripheral code.  First, we optimized our code for speed in order to reduce the likelihood of a collision occurring.  This was accomplished in part by implementing interrupt-based flags for TX_end events, replacing our earlier polling-based strategy.  Second, we added logic to our main peripheral code to read the message transmission status register on the ZigBee chip after every packet was sent to the central node.  This register would allow us to determine if the last message was sent successfully.  If the message transmission was not successful (for example, if no acknowledge was received), the peripheral node would not wait for a response packet from the central.  Instead, it would wait until its next scheduled transmission time to attempt another packet transmission.  Finally, we also accounted for the case where the first transmission was successful, but a response packet was never received.  This was accomplished by adding a timeout timer to the code.  If the response message was not received within 100ms after the initial packet transmission, the peripheral node would abort and wait for the next scheduled transmission.

In order to confirm that our peripheral nodes were capable of handling message collisions and transmission errors, we tested our boards for three cases.  First, we tried to induce a message collision by resetting two peripheral nodes at the same time.  Next, we tried operating a peripheral node in an environment without a central node (where no acknowledge would be received from the central node after packet transmission).  Finally, we accounted for the third case where the initial transmission was successful but no response packet was received by writing custom central node code that did not return response packets.  In each of these cases, we were unable to cause a peripheral node to go into an infinite loop, and thus confirmed that our nodes were capable of accounting for dropped packets and message collisions.

4 Users Manual/Installation manual  

4.1 How to install your product

GreenHouse sensor network nodes come in pre-packaged boxes. The only installation necessary is to mount the box onto the wall. The packaging includes two screw holes on the sides of the box in order to secure the box to the wall. Nodes will be numbered and need to be placed in exactly the position that you specified on the user’s pre-submitted floor plan. Arrow illumination logic is different for each node and depends on the exact placement of each numbered node.

Nodes are equipped with rechargeable batteries. A user may want to install a node in such a manner that it can easily be taken down for charging or that it can reach an electrical outlet without being taken down. 

The central node needs to be connected via USB to a computer. A GUI specific for the user’s building’s layout can be displayed on the computer to monitor the network. The central node does not have batteries, so it needs to be plugged into an electrical outlet.

4.2 How to setup your product
After the product is installed, a user needs to flip the sliding switch into the on position. The nodes should then be fully functional, able to monitor temperature and presence and to wirelessly send data. 

4.3 How the user can tell if the product is working
If the nodes are on, a green power LED should be illuminated.

In order to check that the central node is communicating with the peripheral nodes, the GUI should display the emergency status, temperature, fire status, PIR data, and arrow direction for every room. If the GUI is not operational, a HyperTerminal window can be opened. The window will display the node’s location address as well as its emergency, temperature, fire, person, arrow information.

Peripheral nodes can also be plugged into a computer. Through HyperTerminal, the node’s current temperature, PIR status, emergency status, and send/receive status can be viewed. 

To verify the emergency response arrows, any heat-producing object (such as a heat gun) can be used to raise the temperature of a node. Every node should illuminate either the left or right arrow, based on the fire’s location. Simulating a fire through the GUI is another option for testing the emergency arrows. 

4.4 How the user can troubleshoot the product

There are not a lot of troubleshooting options for GreenHouse sensor network nodes. A user can press the reset button on the board. Another option is to turn the node completely off and then back on. One possible problem could be completely discharged batteries, in which case a user can plug the board into a power source.

5 Conclusions

The main goal of the project, to produce an active sensor network, was accomplished. The sensor nodes provide reliable PIR and temperature data with actuating LED’s to light safe exit pathways. The communications protocol is based on a single central node, which controls the logic in the system, and surrounding peripheral nodes. The prototype network allows for a very stable and reliable small network, containing one central and four peripheral nodes. The system includes an on-board charging circuit for the peripheral nodes and a graphic user interface (GUI) attached to the central, with the ability to both monitor and control the system.
5.1 Future Considerations
The sensor networking project has really just begun. At this point the foundation has been laid to expand the concept in many directions. Second revisions to the prototype should include packaging and board layout improvements, incorporation of the real time clock and SPI EEPROM, evaluation and possible reworking of the charging circuitry, and many new topics as well. New sensors and actuators can be easily added for increased functionality. Namely, smoke sensors would provide more reliable fire detection and PIR data could be used to control lights and other electronics, even HVAC systems, when combined with the temperature sensor. 

The central and peripheral node configuration works well for small networks, but larger networks will run in to problems of Zigbee range and packet collisions at the central node. Possible solutions include making all nodes with equal processing capabilities, creating a spine of central nodes with peripheral offshoots, or adding routing nodes. Investigation into the above problems is critical to network implementation on a larger scale. In any of these configurations, node failure must also be taken into account.

The sensor layout and logic for routing decisions in an emergency are both currently hard coded into the nodes and GUI. Improvements can be made here by adding the ability to upload floor plans into the GUI and reposition nodes in real time, with the routing logic smart enough to adjust itself.
6 Appendix

6.1 Schematic and Board Layout


[image: image24]
Figure 26: Schematic
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Figure 27: Printed Circuit Board Layout
6.2 Microcontroller Pinout
Table 3: Microcontroller Pinout

[image: image26.wmf]PIC18F4525 Pinout

 

Pin #

 

Name

 

Use

 

Input/Output

 

Variable/fixed

 

1

 

RC7/RX/DT

 

USART

 

input

 

fixed

 

2

 

RD4/PSP4

 

Temp CS

 

output

 

variable

 

3

 

RD5/PSP5/P1B

 

 

 

 

 

variable

 

4

 

RD6/PSP6/P1C

 

 

 

 

 

variable

 

5

 

RD7/PSP7/P1D

 

 

 

 

 

variable

 

6

 

VSS

 

VSS

 

power

 

fixed

 

7

 

VDD

 

VDD

 

power

 

fixed

 

8

 

RB0/INT0/FLTO/AN12

 

Zigbee interrupt

 

input

 

fixed

 

9

 

RB1/INT1/AN10

 

RTC interrupt

 

input

 

fixed

 

10

 

RB2/INT2/AN8

 

PIR interrupt

 

input

 

fixed

 

11

 

RB3/AN9/CCP2

 

LEDs

 

output

 

variable

 

12

 

NC

 

 

 

 

 

fixed

 

13

 

NC

 

 

 

 

 

fixed

 

14

 

RB4/KBI0/AN11

 

LEDs

 

output

 

variable

 

15

 

RB5/KB11/PGM

 

programming 

enable

 

input

 

fixed

 

16

 

RB6/KBI2/PGC

 

programming clock

 

input

 

fixed

 

17

 

RB7/KBI3/PGD

 

programming data

 

input

 

fixed

 

18

 

MCLR/Vpp/RE3

 

MCLR or prgm input

 

input

 

fixed

 

19

 

RA0/AN0

 

batter

y check

 

input

 

variable

 

20

 

RA1/AN1

 

Pgood on DCDC

 

output

 

variable

 

21

 

RA2/AN2/Vref

-

 

LCD

 

output

 

variable

 

22

 

RA3/AN3/Vref+

 

LCD

 

output

 

variable

 

23

 

RA4/TOCKI/C1out

 

LCD

 

output

 

variable

 

24

 

RA5/AN4/SS/HLVDIN/C2out

 

LCD

 

output

 

variable

 

25

 

RE0/RD/AN5

 

LCD

 

output

 

v

ariable

 

26

 

RE1/WR/AN6

 

LCD

 

output

 

variable

 

27

 

RE2/CS/AN7

 

SHDN

 

output

 

variable

 

28

 

VDD

 

VDD

 

power

 

fixed

 

29

 

VSS

 

VSS

 

power

 

fixed

 

30

 

OSC1/CLK1/RA7

 

clock

 

input

 

fixed

 

31

 

OSC2/CLKO/RA6

 

clock

 

output

 

fixed

 

32

 

RC0/T1OSI/CCP2

 

RTC CS

 

output

 

variable

 

33

 

NC

 

 

 

 

 

fix

ed

 

34

 

NC

 

 

 

 

 

fixed

 

35

 

RC1/T1OSI/CCP2

 

EEPROM chip 

select

 

output

 

variable

 

36

 

RC2/CCP1/P1A

 

Zigbee sleep

 

output

 

variable

 

37

 

RC3/SCK/SCL

 

SPI CLK

 

output

 

fixed

 

38

 

RD0/PSP0

 

Zigbee chip select

 

output

 

variable

 

39

 

RD1/PSP1

 

Ziebee reset

 

output

 

variable

 

40

 

RD2/P

SP2

 

RTS#

 

input

 

fixed

 

41

 

RD3/PSP3

 

CTS#

 

output

 

fixed

 

42

 

RC4/SDI/SDA

 

SPI in

 

input

 

fixed

 

43

 

RC5/SDO

 

SPI out

 

output

 

fixed

 


6.3 Temperature code
Temp_header.h

#ifndef _temp_header_H_

#define _temp_header_H_
#include<system.h>

// Temperature Sensor functions

void init_temp(void);


//initializes temperature sensor

void take_temp(void);


//tells sensor to take temp, data available after 150ms

int read_temp(void);


//reads temperature from temp sensor

#endif

Temp_lib.c

#include    <system.h>

#include    "temp_header.h"

/***************************************************

 *  Initializes the SPI interface for Temp comm. *

 *      






               *

 **************************************************/

/*

This is done by programming the appropriate

control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>).

These control bits allow the following to be specified:

. Master mode (SCKx is the clock output)

. Slave mode (SCKx is the clock input)

. Clock Polarity (Idle state of SCKx)

. Data Input Sample Phase (middle or end of data output time)

. Clock Edge (output data on rising/falling edge of SCKx)

. Clock Rate (Master mode only)

. Slave Select mode (Slave mode only)

*/

//initializes temp sensor 

void init_temp(void)

/*clears chip select*/

{


trisd.4 = 0;

}

//tells the temp sensor to take a temperature measurement

void take_temp(void)

/*assert the chip select, load the write instruction into the buffer register.  

Wait for the SSPxIF flag, then send control byte to TC72, 

wait for SPIxIF, then disable chip select*/

{


sspstat.6 = 0; //sets CKE to 0, Transmit occurs on transition from Idle to active clock state


latd.4 = 1;  // enable chip select by setting high


sspbuf = 0x80;  // write address byte to TC72


while(!sspstat.0){}  //wait for the receive complete flag 


sspbuf = 0x15;  //set TC72 to One-Shot Mode-data will be available after 150ms


while(!sspstat.0){}  //wait for the 2nd receive complete flag 


latd.4 = 0;  // disable chip select

}

//reads available temperature measurement from temp sensor

int read_temp(void)

/*assert the chip select, load the read instruction into the buffer register.  

Wait for the SSPxIF flag, then send a junk byte to the Zigbee Card, 

wait for SPIxIF, and read the byte from the buffer register, then change the temp

to output in .01 degrees Celcius. */

{



short temp = 0;


char msb, lsb;


sspstat.6 = 0; //sets CKE to 0, Transmit occurs on transition from Idle to active clock state


latd.4 = 1;  // enable chip select by setting high


sspbuf = 0x02;  // write address byte to TC72


while(!sspstat.0){}  //wait for the receive complete flag 


sspbuf = 0x00;  //send junk to TC72


while(!sspstat.0){}  //wait for the 2nd receive complete flag 


msb = sspbuf; // save MSB Temp. Byte in the temp bool


sspbuf = 0x00; //send junk to TC72


while(!sspstat.0){}//wait for the 3rd receive complete flag


lsb = sspbuf;


if ((msb & 0b10000000) == 0b10000000)



temp =  25*(~( ((msb & 0b01111111) << 2) | (lsb>>6) ) + 1);


else



temp =  25*( ((msb & 0b01111111) << 2) | (lsb>>6) );


sspbuf = 0x00;//send junk to TC72


while(!sspstat.0){}//wait for the 4th receive complete flag


latd.4 = 0;  // disable chip select


return temp;

}
6.4 Serial port code

Sp_header.h

#ifndef _sp_header_H_

#define _sp_header_H_

#include<system.h>

/*This headerdeals with serial port communications.  Any functions


regarding the hyperterminal communication are in here.*/

void init_sp(short val);

//initializes the serial port

char getc(void);
//gets a character from serial port

void putc(char dat);
//puts a character on terminal

int term_getint();


// receives a integer from the terminal

int str2int(char* str);
// converts a string to integer

char gethex();

//gets hex value from terminal

void term_printf( const char* text );
//takes string from LCD and prints on terminal

void term_dec(unsigned short dat);
//puts decimal on terminal

char lowercase(const char letter);

char uppercase(const char letter);

void term_bin(char* text, short length);
// print binary to terminal

void term_hex(char data); // print hex pair to terminal

void term_char(char text);

void term_int(int dat);

#endif
Sp_lib.c

#include    <system.h>

#include    "sp_header.h"

/*This library deals with serial port communications.  Any functions


regarding the hyperterminal communication are in here.*/

/***************************************************

 *  Initializes the serial port communication *

 *      






               *

 **************************************************/

void init_sp(short val)

{


spbrgh = 0;
// SPPBRGH and SPBRG set to 42 (58140 Baud with Fosc=10MHz) set to 86 (57600 Baud with Fosc=20MHz)


spbrg = val;


rcsta.7 = 1;
//enables the SPEN, serial port enable bit


trisc.6 = 1;
//enables the RC6 bit from the microcontroller to turn on the MAX3323


trisc.7 = 1;
//enables the RC7 bit from microcontroller for MAX3323


trise.2 = 0;
// set bit 2 to output


late.2 = 1;
// set output value to logical 1


txsta.6 =0;
//clears TX9 bit to 8-bit transmission


txsta.5 =1;
//sets TXEN bit


txsta.4 = 0;
//clears SYNC bit to asynchronous


txsta.3 =0;
//clears SENDB bit- sync break transmission complete


txsta.2 = 1;
//sets BRGH to high rate


rcsta.7 = 1;
//sets SPEN


rcsta.6 = 0;
//clears to 8-bit reception


rcsta.4 = 1;
//sets continuous receive enable CREN


rcsta.3 = 0;
//clears address detection enable bit ADDEN


baudcon.3 = 1;
//sets to 16-bit baud rate register enable - brg16

}

//puts a character on the terminal

void putc(char dat)
//send ascii character to terminal

{


volatile bit txif@PIR1.4;
//define txif bit


while(!txif);

//wait until the transmit register is ready


txreg = dat;

//send character to txreg


return;

}

//gets a character from terminal

char getc(void)

{


volatile bit rcif@PIR1.5; 
//define rcif bit


while(!rcif);

//wait until the register is ready


char dat = rcreg;

//read data from rc reg


putc(dat);

//echoes the char received back


return(dat);

}

//gets 8-bit hex value from 2 characters entered into terminal

char gethex(void)

{


char a = getc();


if (a>0x60)



a=a+0x09;


char b = getc();


if (b>0x60)



b=b+0x09;


b = 0b00001111 & b;


a = (a<<4) | b;


return(a);

}

//takes string from LCD and prints on terminal

void term_printf( const char* text)

{

  int i = 0;

  while( text[i] != 0 )

    putc( text[i++] );

  return;

}

//prints decimal to the terminal

void term_int(int dat)

{


char number[6];


unsigned short i = 0;


unsigned short len = 0;


if (dat < 0)


{



putc('-');



dat *= -1;


}


int dat2 = dat;


do


{



len++;



dat2 /= 10;


}while(dat2);


for(i=0; i<len; i++)


{



number[len - i - 1] = dat % 10 + '0';



dat /= 10;


}


number[len] = 0;


term_printf(number);


return;

}

//prints decimal to the terminal

void term_dec(unsigned short dat)

{


unsigned short val;   // ascii results


unsigned short div;


unsigned short data;


char number[4];


int i;


data = dat;  // make it unsigned


div = 10000;


for(i=0; i <= 4; ++i)   // get all 5 digits


{



val = data/div;       // get most signif. digit



number[i]=val+'0';    // print digit



data -= val * div;   // what we've printed



div=div/10;         // adjust divisor


}


number[4]=number[4]-1;


term_printf(number);


return;

}

// print char array as binary to the terminal

void term_bin(char* text, short length)

{


char mask;


unsigned short i;


unsigned short j;


for(i=0; i<length; i++)


{



mask = 0x80;



for(j=0; j<8; j++)



{




putc(text[i] & mask ? '1':'0');




mask = mask >> 1;



}



putc(' ');


}


return;

}

void term_char(char text)

{


char mask = 0x80;


unsigned short j;


for(j=0; j<8; j++)


{



putc(text & mask ? '1':'0');



mask = mask >> 1;


}


return;

}

void term_hex(char data)

{


char data_h = (data >> 4) & 0x0F;


char data_l = data & 0x0F;


if(data_h < 10)



putc('0' + data_h);


else



putc('A' + data_h - 10);


if(data_l < 10)



putc('0' + data_l);


else



putc('A' + data_l - 10);


return;

}

// receives a integer from the terminal

int term_getint()

{


char next;


char str[6];


int i = 0;


next = getc();


do


{



str[i++] = next;



next = getc();


}while((next != '\r') && (i < 5));


if(i >= 5)


{



putc('\r');


}


str[i] = '\0';


int val = str2int(str);


return val;

}

// converts a string to integer

int str2int(char* str)

{


int val=0;


int m = 1;


int i = 0;


int strlen = 0;


while(str[i++] != '\0')



strlen++;


for(i=0; i<strlen; ++i)


{



val += m * (int) (str[strlen-i-1] - '0');



m *= 10;


}


return val;

}

// converts upper case characters to lower case

char lowercase(const char letter)

{


if (letter >= 65 && letter <=90)



return letter + 32;


else



return letter;

}

// converts lower case characters to upper case

char uppercase(const char letter)

{


if (letter >= 97 && letter <=122)



return letter - 32;


else



return letter;

}

6.5 SPI code

Spi_header.h
#ifndef _spi_header_H_

#define _spi_header_H_

#include<system.h>

// SPI functions

void init_spi(void);


//initializes the SPI

#endif
Spi_lib.c

#include    <system.h>

#include    "spi_header.h"

/***************************************************

 *  Initializes the SPI interface for Zigbee comm. *

 *      






               *

 **************************************************/

/*

This is done by programming the appropriate

control bits (SSPxCON1<5:0> and SSPxSTAT<7:6>).

These control bits allow the following to be specified:

. Master mode (SCKx is the clock output)

. Slave mode (SCKx is the clock input)

. Clock Polarity (Idle state of SCKx)

. Data Input Sample Phase (middle or end of data

output time)

. Clock Edge (output data on rising/falling edge of

SCKx)

. Clock Rate (Master mode only)

. Slave Select mode (Slave mode only)

*/

void init_spi(void)

{


// CKP, CKE values might be different for other SPI devices... if so, we need to set them when selecting device


sspcon1.5 = 1;
//sets sspen bit. enables SDIx,SDOx, SCKx and SSx pins as serial port pins


sspcon1.4 = 0; //sets CKP to 0, idle state for clock is low level


sspcon1.3 = 0;


sspcon1.2 = 0;


sspcon1.1 = 0;


sspcon1.0 = 0; //sspcon1[3:0] sets SPI Master mode, clock = FOSC/4


/* ssp1stat.6 varies between ZigBee and temp sensor SPI transmissions and is now set at the beginning of their respective transmit functions */


//ssp1stat.6 = 1; //sets CKE to 1, Transmit occurs on transition from active to Idle clock state


trisc.5 = 0; //clears MOSI serial port direction for out


trisc.4 = 1; //sets MISO for input


trisc.3 = 0; //clears SCK serial port direction for out


return;

}

6.6 Zigbee Code

Zgb_header.h

#ifndef _zgb_header_H_

#define _zgb_header_H_

#include<system.h>

/*This header deals with zigbee communications.*/

char read_spi_reg(char address);








// read from reg in spi

char read_IRQ_reg(void);



// reads from IRQ_stat reg only.  needed separate function for interrupt service routine

void write_spi_reg(char address, char data);





// write to reg in spi

void init_zigbee(char source_addr);











//initializes ports on micro for zigbee communication

void receive_frame(char* data, short& frame_length, char& phy_status);
//receives data packet

void write_frame(char* data, const short frame_length, char& phy_status);
//writes data packet

void zig_set_state(char state);









//force writes state of transceiver

void reset_zigbee(void);










//resets transceiver to TRX_OFF

void generate_frame(char* mpdu, char dest_addr, char src_addr, char sequence_no, char* payload, unsigned short payload_length);

// Useful shortcuts for Zigbee programming

enum state_cmd {


NOP



= 0x00,


TX_START

= 0x02,


FORCE_TRX_OFF
= 0x03,


FORCE_PLL_ON
= 0x04,


RX_ON


= 0x06,


TRX_OFF


= 0x08,


PLL_ON


= 0x09,


RX_AACK_ON

= 0x16,


TX_ARET_ON

= 0x19

};

#endif
Zgb_lib.c

#include    <system.h>

#include    "zgb_header.h"

/*

Frame Filtering is an evaluation whether or not a received frame is dedicated for this node. To

accept a received frame and to generate an address match interrupt IRQ_5 (AMI) a filtering procedure

as described in IEEE 802.15.4-2006, section 7.5.6.2 (Third level of filtering) is applied to

the frame. The AT86RF231 RX_AACK mode accepts only frames that satisfy all of the following

requirements (quote from IEEE 802.15.4-2006, section 7.5.6.2):

1. The Frame Type subfield shall not contain a reserved frame type.

2. The Frame Version subfield shall not contain a reserved value.

3. If a destination PAN identifier is included in the frame, it shall match macPANId or shall

be the broadcast PAN identifier (0xFFFF).

4. If a short destination address is included in the frame, it shall match either

macShortAddress or the broadcast address (0xFFFF). Otherwise, if an extended

destination address is included in the frame, it shall match aExtendedAddress.

5. If the frame type indicates that the frame is a beacon frame, the source PAN identifier

shall match macPANId unless macPANId is equal to 0xFFF, in which case the beacon

frame shall be accepted regardless of the source PAN identifier.

6. If only source addressing fields are included in a data or MAC command frame, the

frame shall be accepted only if the device is the PAN coordinator and the source PAN

identifier matches macPANId.

The AT86RF231 requires satisfying two additional rules:

7. The frame type indicates that the frame is not an ACK frame (refer to Table 8-4 on page

82).

8. At least one address field must be configured.

*/

volatile bit zgb_cs


@LATD .0;

volatile bit zgb_int

@PORTB.0;

volatile bit zgb_rst

@LATD .1;

volatile bit zgb_slp

@LATC .2;

volatile bit zgb_cs_dir

@TRISD.0;

volatile bit zgb_int_dir
@TRISB.0;

volatile bit zgb_rst_dir
@TRISD.1;

volatile bit zgb_slp_dir
@TRISC.2;

/*This header deals with zigbee communications.*/

//sets the Zigbee to the TRX off state

void reset_zigbee(void)

{


zgb_rst = 0; // reset the zigbee daughter card


delay_ms(10);
// make sure the zigbee chip has time to see this change


zgb_rst = 1;


delay_ms(10);

}

//initializes microcontroller pins for zigbee communication

void init_zigbee(char source_addr)

{


zgb_slp_dir = 0; //clears SLP for output


zgb_cs_dir  = 0; //clears SEL for output


zgb_int_dir = 1; //sets IRQ line to input


zgb_rst_dir = 0; // clears /RST line F1 (active low)


zgb_slp = 0; // clears SLP to low so Zigbee can move to TRX_OFF State


reset_zigbee();


write_spi_reg(0x0E,0b00001000); // enable only the tx_end interrupt


write_spi_reg(0x20,source_addr); // short addr


write_spi_reg(0x21,0x00);


write_spi_reg(0x22,0x01); // pan addr


write_spi_reg(0x23,0x00);


write_spi_reg(0x2E,0xC0); 

//0x11: acknowledges all frames, independent the FCF frame version number


//write_spi_reg(0x0C,0x08); //enable frame protection


write_spi_reg(0x2C,0x6A); 

//transceiver works in unslotted mode, sets max number frame retries to 6, sets max number CSMA retries to 5

//
zig_set_state(TRX_OFF); // move from P_ON state to TRX_OFF

/*
for some reason this command broke packet reception on subsequent program runs */


return;

}

//function to force state transitions

void zig_set_state(char state)

{


write_spi_reg(0x02,state);


//delay_ms(20);


//LCD_clear();


//LCD_hex(state);


//LCD_hex(read_spi_reg(0x01));

}

//reads a register from zigbee transceiver

char read_spi_reg(char address)

/*assert the chip select, load the read instruction into the buffer register.  

Wait for the SSPxIF flag, then send a junk byte to the Zigbee Card, 

wait for SPIxIF, and read the byte from the buffer register. */

{


sspstat.6 = 1; //sets CKE to 1, Transmit occurs on transition from active to Idle clock state


zgb_cs = 0;  // enable chip select by clearing


sspbuf = address | 0b10000000;  // read register from atmel chip


while(!sspstat.0){}  //wait for the receive complete flag 


sspbuf = 0x00;  //send junk data to the daughter card


while(!sspstat.0){}  //wait for the 2nd receive complete flag 


zgb_cs = 1;  // disable select


return sspbuf;

}

//reads the interrupt register for the interrupt service routine

char read_IRQ_reg(void)

/*assert the chip select, load the read instruction into the buffer register.  

Wait for the SSPxIF flag, then send a junk byte to the Zigbee Card, 

wait for SPIxIF, and read the byte from the buffer register. */

{


sspstat.6 = 1; //sets CKE to 1, Transmit occurs on transition from active to Idle clock state


zgb_cs = 0;  // enable chip select by clearing


sspbuf = 0x0f | 0b10000000;  // read IRQ_status register from atmel chip


while(!sspstat.0){}  //wait for the receive complete flag. don't think you need an interrupt routine for this and polling should be fine


sspbuf = 0x00;  //send junk data to the daughter card


while(!sspstat.0){}  //wait for the 2nd receive complete flag 


zgb_cs = 1;  // disable select


return sspbuf;

}

//writes to a register on the zigbee transceiver

void write_spi_reg(char address, char data)

/*assert the chip select, load the read instruction into the buffer register.  

Wait for the SSPxIF flag, then send the data byte to the Zigbee Card, 

wait for SPIxIF */

{


sspstat.6 = 1; //sets CKE to 1, Transmit occurs on transition from active to Idle clock state


zgb_cs = 0;  // enable chip select by clearing


sspbuf = address | 0b11000000;  // write address of data


while(!sspstat.0){}  //wait for the receive complete flag 


sspbuf = data;  //send data to the daughter card


while(!sspstat.0){}  //wait for the 2nd receive complete flag 


zgb_cs = 1;  // disable select


return;

}

//receives a valid zigbee packet

void receive_frame(char* data, short& frame_length, char& phy_status)

{


unsigned short i;


sspstat.6 = 1; //sets CKE to 1, Transmit occurs on transition from active to Idle clock state


zgb_cs = 0;  // enable chip select by clearing


sspbuf = 0b00100000;  // start frame buffer transmission


while(!sspstat.0){}  //wait for the receive complete flag


phy_status = sspbuf;
// first received byte PHY_STATUS (default)


sspbuf = 0x00;  // send junk data


while(!sspstat.0){}


frame_length = sspbuf;
// second received byte PHR (default). see page 21 in AT86RF231 datasheet


for(i=0; i<frame_length; ++i)
// iteratively read PSDU data from frame buffer


{



sspbuf = 0x00;

// send junk data



while(!sspstat.0){}



data[i] = sspbuf;
// receive next frame byte


}


zgb_cs = 1;  // disable select


return;

}

// nb: we decided to use 8 bit addressing, while the frame supports up to 16-bit

void generate_frame(char* mpdu, char dest_addr, char src_addr, char sequence_no, char* payload, unsigned short payload_length)

{

#define frame_type

0x01

#define sec_enabled

0x00

#define frame_pend

0x00

#define ack_req


0x01

#define intra_pan

0x01

#define dest_addr_mode
0x02

#define frame_ver

0x00

#define src_addr_mode
0x02

#define pan_id


0x01

        // use bitwise operators to generate first two octets, AKA FCF

        mpdu[0] = (frame_type<<0) | (sec_enabled<<3) | (frame_pend<<4) | (ack_req<<5) | (intra_pan<<6);

        mpdu[1] = (dest_addr_mode<<2) | (frame_ver<<4) | (src_addr_mode<<6);

        mpdu[2] = sequence_no;

        mpdu[4] = 0x00;

        mpdu[3] = pan_id;

        mpdu[6] = 0x00;

        mpdu[5] = dest_addr;

        mpdu[8] = 0x00;

        mpdu[7] = src_addr;

        unsigned short i;

        for(i=0; i<payload_length; i++) { mpdu[9+i] = payload[i]; }     // iterate through the payload and copy into mpdu

        return;

}

//sends a valid zigbee packet

void write_frame(char* data, const short frame_length, char& phy_status)

{


unsigned short i;


char dummy;


sspstat.6 = 1; //sets CKE to 1, Transmit occurs on transition from active to Idle clock state


zgb_cs = 0;  // enable chip select by clearing


sspbuf = 0b01100000;  // start frame buffer transmission


while(!sspstat.0){}  //wait for the receive complete flag


phy_status = sspbuf;
// first received byte PHY_STATUS (default)


sspbuf = frame_length;  // PHR byte contains frame length


while(!sspstat.0){}


dummy = sspbuf;


for(i=0; i<frame_length-2; ++i)
// iteratively read PSDU data from frame buffer


{



sspbuf = data[i];

// send data



while(!sspstat.0){}



dummy = sspbuf;
// receive next frame byte


}


zgb_cs = 1;  // disable select


return;

}

6.7 Central_node.c

/****************************************

*   








*
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*
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*
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*

*   Team GreenHouse Project



*

*   Code for Peripheral Nodes


*

*   








*

*   (c) 2008-2009 Team GreenHouse

*

*   








*

****************************************/

/****************************************

*









*

*   Include Files





*

*









*

****************************************/

#include <system.h>

#include <rand.h>

//#include "LCD_header.h"

#include "spi_header.h"

#include "sp_header.h"

#include "temp_header.h"

#include "zgb_header.h"

/****************************************

*









*

*   Pragma Statements




*

*









*

****************************************/

#pragma DATA _CONFIG1H, _OSC_HS_1H //20 mhz

#pragma DATA _CONFIG2H, _WDT_OFF_2H 

#pragma DATA _CONFIG4L, _LVP_OFF_4L & _XINST_OFF_4L

#pragma DATA _CONFIG3H, _MCLRE_ON_3H & _PBADEN_OFF_3H //needed to set the portb lower pins to digital mode

#pragma CLOCK_FREQ 20000000

/****************************************

*









*

*   Global Variables




*

*









*

****************************************/

volatile bit zgb_slp

@LATC .2;

static char sequence_no = 0x00;

// Node addresses

#define src_addr 0x01
// the central node's address is 1

#define atrium 
0x02

#define fitz 
0x03

#define west 
0x04

#define east 
0x05

// Node struct definition

struct node {

  char arrow;

  char pir;

  int temperature;

  char fire;

  char sim_fire;

  char sim_arrow;

};

struct node nodes[10];

// Interrupt variables

bool tx_end = false;

volatile bit int0if@INTCON.1;

/****************************************

*









*

*   Interrupt Service Routine


*

*









*

****************************************/

void interrupt (void) 

{


if (int0if)


{



int0if = 0;

//must reset int0 interrupt flag in software



char irq_type = read_IRQ_reg(); //needs special function specifically for the interrupt service routine in reading the IRQ reg



if (irq_type & 0b00001000)



{




tx_end = true;

// set its semaphore to true



}


}


//we can also put the other interrupt flags here in if statements with semaphores as well


//toggling an unused output pin with the semaphore to see with the USBEE if the interrupt is actually firing

}

/****************************************

*









*

*   Main Code






*

*









*

****************************************/

void main(void)

{


// Main variables


char data; char address;


char a; char b; char action;


char frame[130];
// max length of frame 127 + 3, see page 21 of datasheet


char phy_status;


char trac_status;


short temperature;


char sim = 0x00;


// Emergency Variables


char emergency = 0;


// 0 indicates no fire


// Frame variables


char mpdu[130];


char dest_addr;


unsigned short payload_length = 3;


char payload[3];


short frame_length = payload_length + 11;


char* TEMPERATURE_H = &frame[frame_length - payload_length - 2];


*TEMPERATURE_H = 0;


char* TEMPERATURE_L = &frame[frame_length - payload_length - 1];


*TEMPERATURE_L = 0;


char* EMERGENCY = &frame[frame_length - payload_length];

//
char* EMERGENCY = &frame[frame_length - payload_length - 0];

//
*EMERGENCY = 0x00;


char* SRC_ADDR = &frame[7];


//LCD_init();

//initialize the LCD


init_sp(42); 
// 116 kHz at 20 MHz was 86 for 56.7kHz


init_spi();

// init spi on pic


init_temp();


init_zigbee(src_addr);  // initialize zigbee


zig_set_state(TRX_OFF);


// intialize the global and int0 interrupts


intcon = 0b00000000;


intcon = 0b11010000;


// enable only the int0 external interrupt on the micro


for(unsigned short i=0; i < 10; i++)


{



nodes[i].arrow = 0;



nodes[i].pir   = 0;



nodes[i].temperature = 0;



nodes[i].fire  = 0;



nodes[i].sim_fire = 0;



nodes[i].sim_arrow = 0;


}


while(true)


{



//term_printf("\r\n");



term_printf("\r\nL");
// actually waiting for TRX_END flag in interrupt status



// wait for the frame to finish sending



zig_set_state(RX_AACK_ON);
// set state to RX_ON state



while(!tx_end) {}
// wait for rx_start



tx_end = false;



receive_frame(frame,frame_length,phy_status);
// read in the frame from the frame buffer



term_printf("\r\nRC node ");



term_dec(*SRC_ADDR);



//run this code if we are NOT in the GUI simulation mode



if (sim == 'f')



{




// read the temperature value received




nodes[*SRC_ADDR].temperature = *TEMPERATURE_H * 256 + *TEMPERATURE_L;




//update the node struct for the remote node communicating with the central




nodes[*SRC_ADDR].pir = (*EMERGENCY & 0b00000100) >> 2;




// check if fire at the node




if (nodes[*SRC_ADDR].temperature > 3800)





{






nodes[*SRC_ADDR].fire = 0x01;





}




else





{






nodes[*SRC_ADDR].fire = 0x00;





}




// check if there is an emergency




if (nodes[atrium].fire == 0x01 || nodes[west].fire == 0x01 || nodes[east].fire == 0x01 || nodes[fitz].fire == 0x01)




{





emergency = 1;





switch (*SRC_ADDR)





{





case src_addr: 

//LC arrow decision






if (nodes[atrium].fire && !nodes[fitz].fire)







nodes[*SRC_ADDR].arrow = 0x00;
//right






else







nodes[*SRC_ADDR].arrow = 0x01;
//defaults left






break;





case fitz:

//Fitz arrow decision






if (!nodes[atrium].fire && !nodes[west].fire && nodes[fitz].fire)







nodes[*SRC_ADDR].arrow = 0x00;
//down????






else







nodes[*SRC_ADDR].arrow = 0x01;
//up????






break;





case west: 

//West arrow decision






if (nodes[atrium].fire && !nodes[fitz].fire)







nodes[*SRC_ADDR].arrow = 0x00;
//right






else







nodes[*SRC_ADDR].arrow = 0x01;
//defaults left






break;





case east:

//East arrow decision






if (nodes[east].fire && !nodes[atrium].fire)







nodes[*SRC_ADDR].arrow = 0x00;
//right






else







nodes[*SRC_ADDR].arrow = 0x01;
//defaults left






break;





case atrium: 

//Atrium arrow decision






if (( !nodes[east].fire || (!nodes[west].fire && !nodes[fitz].fire )) && nodes[atrium].fire)







nodes[*SRC_ADDR].arrow = 0x01;
//up????






else







nodes[*SRC_ADDR].arrow = 0x00;//down???






break;





default:






//term_printf("Whoops!  Address issues!");






break;





}




}




else




{





emergency = 0;




}




payload[0] = 0;




payload[1] = 0;




payload[2] =  nodes[*SRC_ADDR].arrow << 1 | emergency;



}



// Run this code if a simulation is in progress



else



{




switch (*SRC_ADDR)





{





case fitz:

//Fitz arrow decision






if (nodes[atrium].sim_fire == 'f' && nodes[west].sim_fire == 'f' && nodes[fitz].sim_fire == 't')







nodes[*SRC_ADDR].sim_arrow = 0x00;
//down????






else







nodes[*SRC_ADDR].sim_arrow = 0x01;
//up????






break;





case west: 

//West arrow decision






if (nodes[atrium].sim_fire  == 't'&& nodes[fitz].sim_fire == 'f')







nodes[*SRC_ADDR].sim_arrow = 0x00;
//right






else







nodes[*SRC_ADDR].sim_arrow = 0x01;
//defaults left






break;





case east:

//East arrow decision






if (nodes[east].sim_fire == 't' && nodes[atrium].sim_fire == 'f')







nodes[*SRC_ADDR].sim_arrow = 0x00;
//right






else







nodes[*SRC_ADDR].sim_arrow = 0x01;
//defaults left






break;





case atrium: 

//Atrium arrow decision






if (( nodes[east].sim_fire  == 'f' || (nodes[west].sim_fire == 'f' && nodes[fitz].sim_fire == 'f' )) && nodes[atrium].sim_fire == 't')







nodes[*SRC_ADDR].sim_arrow = 0x01;
//up????






else







nodes[*SRC_ADDR].sim_arrow = 0x00;//down???






break;





default:






//term_printf("Whoops!  Address issues!");






break;





}




// Create the correct simulation payload




payload[0] = 0;




payload[1] = 0;




payload[2] =  nodes[*SRC_ADDR].sim_arrow << 1 | 1;



}



// print the node information to the terminal



term_printf("\r\nemgy ");



term_hex(emergency);



term_printf("\r\nTemp ");



term_dec(nodes[*SRC_ADDR].temperature);



term_printf("\r\nFire ");



term_hex(nodes[*SRC_ADDR].fire);



term_printf("\r\nPerson ");



term_hex(nodes[*SRC_ADDR].pir);



term_printf("\r\nArrow ");



term_hex(nodes[*SRC_ADDR].arrow);



// now return a packet to the requesting node





// begin steps necessary to transmit a frame



zig_set_state(PLL_ON);
// set state to PLL_ON before loading frame to register



generate_frame(mpdu, *SRC_ADDR, src_addr, sequence_no++, payload, payload_length);

//generates the mpdu for the frame



write_frame(mpdu, frame_length, phy_status);

//writes to the frame buffer in the transceiver



zig_set_state(TX_ARET_ON);






//sets transceiver to auto-retry state.  will automatically retry transmission finite number of times



// wait for the frame to finish sending



zig_set_state(TX_START);






//state needed to actually send the packet



while(!tx_end) {}
// wait for TX_END



tx_end = false;



term_printf("\r\nTX node ");
// print to terminal the frame transmitted



term_dec(*SRC_ADDR);



// now read the trx_state register (0x02) to check the status of the transmission



trac_status = read_spi_reg(0x02) & 0b11100000; //first 3 MSB have no bearing on the status



term_printf("\r\nTX ");



term_hex(trac_status);



// Check to see if the GUI wants to run a fire simulation



sim = getc();



if (sim == 't')



{




// Read in the correct fire bits for each node




nodes[atrium].sim_fire = getc();




/*




if (nodes[atrium].sim_fire=='t')





nodes[atrium].sim_fire = 0x01;




else





nodes[atrium].sim_fire = 0x00;





*/




nodes[fitz].sim_fire = getc();




/*




if (nodes[fitz].sim_fire=='t')





nodes[fitz].sim_fire = 0x01;




else





nodes[fitz].sim_fire = 0x00;





*/




nodes[west].sim_fire = getc();




/*




if (nodes[west].sim_fire=='t')





nodes[west].sim_fire = 0x01;




else





nodes[west].sim_fire = 0x00;





*/




nodes[east].sim_fire = getc();




/*




if (nodes[east].sim_fire=='t')





nodes[east].sim_fire = 0x01;




else





nodes[east].sim_fire = 0x00;





*/



}


}


return;

}

6.8 Peripheral_node.c

/****************************************

*   








*
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*
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*
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*
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*
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*
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*
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*
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*

****************************************/

/****************************************

*









*

*   Include Files





*

*









*

****************************************/

#include <system.h>

//#include "LCD_header.h"

#include "spi_header.h"

#include "sp_header.h"

#include "temp_header.h"

#include "zgb_header.h"

//#include "eeprom_header.h"

/****************************************

*









*

*   Pragma Statements




*

*









*

****************************************/

#pragma DATA _CONFIG1H, _OSC_HS_1H 
//20 mhz

#pragma DATA _CONFIG2H, _WDT_OFF_2H 

#pragma DATA _CONFIG4L, _LVP_OFF_4L & _XINST_OFF_4L

#pragma DATA _CONFIG3H, _MCLRE_ON_3H & _PBADEN_OFF_3H //needed to set the portb lower pins to digital mode

#pragma CLOCK_FREQ 20000000

/****************************************

*









*

*   Global Variables




*

*









*

****************************************/

static char sequence_no = 0x00;


// ZigBee frame counter

#define dest_addr  0x01




// address of the central node

#define src_addr   0x03




// this node is 3

unsigned int tmr3_count = 0;


// TMR3 overflow counter (overflows every millisecond)

unsigned int tmr0_count = 0;


// Number of seconds since last motion detected

unsigned int zgb_trans_timeout = 20;
// (in milliseconds) ZigBee transmission timeout length

unsigned int motion_timeout = 5;

// (in seconds) Time after last motion detect until assume no one is present

bool zgb_timeout = false;



// semafore that indicates a ZigBee tx timeout

bool tx_end = false;




// semafore that indicates the completion of a transmission

bool motion = false;




// semafore that indicates motion detection from PIR device

bool present = false;




// is true when motion is detected and until no motion has been detected for motion_timeout seconds

volatile bit tmr0in@INTCON.2;


// TMR0 interrupt overflow bit for Presence timeout

volatile bit int2if@INTCON3.1;


// INT2 interrupt flag indicating motion detection from PIR device

volatile bit led_left @LATB.3;


// enables the left LEDs

volatile bit led_right@LATB.4;


// enables the right LEDs

volatile bit zgb_slp@LATC.2;


// sets the ZigBee chip into sleep mode

volatile bit int0if@INTCON.1;


// hardware interrupt from zigbee chip is tied to INT0

volatile bit tmr3in@PIR2.1;



// TMR3 overflow bit for ZigBee tx timeouts

volatile bit tmr3en@T3CON.0;


// TMR3 enable enable bit for enabling ZigBee tx timeouts

/****************************************

*









*

*   Interrupt Service Routine


*

*









*

****************************************/

void interrupt (void) 

{


// ZigBee hardware IRQ flag


if (int0if)


{



int0if = 0;





// must reset int0 interrupt flag in software



char irq_type = read_IRQ_reg(); // read in the type of IRQ being signalled



if (irq_type & 0b00001000)

// bit 3 corresponds to a TX_END event



{




tx_end = true;



// set its semaphore to true



}


}


// TMR3 used to time ZigBee transmission timeouts


if (tmr3in)


{



tmr3in = 0;



// reset overflow bit



tmr3h = 0xEC;


// reset TMR3 to overflow in 0.001 seconds



tmr3l = 0x77;



tmr3_count++;


// increment overflow coutner



if ( tmr3_count >= zgb_trans_timeout )



{




zgb_timeout = true;
// a timeout occured, set the semafore




tmr3en = false;

// disable timer, not needed anymore



}


}


// PIR interrupt flag


if (int2if)


{



int2if = 0;



// disable interrupt flag



present = true;


// the PIR sensor detected motion, so assume someone is present



tmr0_count = 0;


// reset the overflow counter


}


// TMR0 used to count seconds until motion timeout


if (tmr0in)


{



tmr0in = 0;



// disable interrupt flag



tmr0h = 0xB3;


// reset TMR0 to overflow in 1 second



tmr0l = 0xB4;



tmr0_count++;


// increase overflow counter



if ( (tmr0_count >= motion_timeout) )

// overflow count exceeded



{




present = false;
// it's been too long since last seen motion, assume no one is here



}


}

}

/****************************************

*









*

*   Main Code






*

*









*

****************************************/

void main(void)

{


char frame[130];
// max length of frame 127 + 3, see page 21 of datasheet


char phy_status;


char trac_status;


short temperature;


bool emergency = false;


//char src_addr = read_node_ID();



char mpdu[130];


unsigned short payload_length = 3;


char payload[3];


short frame_length = payload_length + 11;


char* TEMPERATURE_H = &frame[frame_length - payload_length - 2];


*TEMPERATURE_H = 0;


char* TEMPERATURE_L = &frame[frame_length - payload_length - 1];


*TEMPERATURE_L = 0;


char* EMERGENCY = &frame[frame_length - payload_length - 0];


*EMERGENCY = 0x00;


char* SRC_ADDR = &frame[7];


//Enable all of the necessary hardware components


//LCD_init();

//initialize the LCD


init_sp(86); 
// 57600 at 20 MHz


init_spi();

// init spi on pic


init_temp();


init_zigbee(src_addr);  // initialize zigbee


zig_set_state(TRX_OFF);


term_printf("\r\n\fNode ");


term_int(src_addr);


term_printf(" initialized.");


//Zigbee interrupts and timers initialization


intcon = 0b00000000;
// reset flags (INT0, specifically) before enabling interrupts


intcon |= 0b11010000;
// enable global and peripheral interrupts, and int0


pie2.1 = true;


// enable tmr3


tmr3in = 0;



// clear overflow flag


t3con = 0b00110000;

// 1:8 prescale, initially stopped


tmr3h = 0xEC;


// reset TMR3 to overflow in 0.001 seconds


tmr3l = 0x77;


//PIR interrupt and timer initialization


intcon |= 0b10100000;


intcon3 |= 0b00010000;


tmr0in = 0;



// clear overflow flag


t0con = 0b10010111;


tmr0h = 0xB3;


// reset TMR0 to overflow in 1 second


tmr0l = 0xB4;


//LED port initialization


trisb &= 0b11100111;


led_left  = false;


led_right = false;


term_printf("\r\nBeginning main routine.");


while(true)


{



delay_s(2);



term_printf("\r\n");



take_temp();



delay_ms(200);



temperature = read_temp();



term_printf("\r\nRead temperature value as: ");



term_int(temperature);



if(present)



{




term_printf("\r\nThere is someone in the room.");



}



else



{




term_printf("\r\nNo one is here.");



}



*TEMPERATURE_H = (char) ((temperature >> 8) & 0x00FF);
// break into high and low bytes for transmission



*TEMPERATURE_L = (char) ((temperature)      & 0x00FF);



payload[0] = *TEMPERATURE_H;



payload[1] = *TEMPERATURE_L;



payload[2] = ((char)present << 2);



//zgb_slp = 0; // SLP is low, zigbee is awake



zig_set_state(TRX_OFF);



zig_set_state(PLL_ON);
// set state to PLL_ON before loading frame to register



generate_frame(mpdu, dest_addr, src_addr, sequence_no++, payload, payload_length);

//generates the mpdu for the frame



write_frame(mpdu, frame_length, phy_status);

//writes to the frame buffer in the transceiver



zig_set_state(TX_ARET_ON);





//sets transceiver to auto-retry state.  will automatically retry transmission finite number of times



// start timeout counter



tmr3h = 0xE7;


// reset TMR3 to overflow in 0.01 seconds



tmr3l = 0x95;



tmr3_count = 0;


// reset overflow counter



zgb_timeout = false;
// overflow has not occured yet



tmr3en = true;


// start the counter



zig_set_state(TX_START);






//state needed to actually send the packet



while(!tx_end){}



tx_end = false;



// now read the trx_state register (0x02) to check the status of the transmission



trac_status = (read_spi_reg(0x02) >> 5) & 0b00000111; //first 3 MSB have no bearing on the status



if( trac_status != 0x00 )



{




term_printf("\r\nPacket send was not successful, aborting (");




switch( trac_status )




{





case 0x00:
term_printf("TX successful.");break;





case 0x01:
term_printf("TX successful. Data pending.");break;





case 0x03:
term_printf("TX channel access failure");break;





case 0x05:
term_printf("TX no acknowledge received.");break;





case 0x07:
term_printf("TX invalid.");break;





default: 
term_printf("Unrecognized TX status");break;




}




term_printf(")");



}



else



{




term_printf("\r\nTransmitted packet to node ");
// print to terminal the frame transmitted




term_int(dest_addr);




// now, wait for response packet




term_printf("\r\nListening for packet from node ");
// actually waiting for TRX_END flag in interrupt status




term_int(dest_addr);




// start timeout counter




tmr3h = 0xE7;


// reset TMR3 to overflow in 0.01 seconds




tmr3l = 0x95;




tmr3_count = 0;


// reset overflow counter




zgb_timeout = false;
// overflow has not occured yet




tmr3en = true;


// start the counter




zig_set_state(RX_AACK_ON);
// set state to RX_ON state




while(!tx_end && !zgb_timeout){};




tx_end = false;




if(zgb_timeout)




{





term_printf("\r\nA timeout occured while waiting to receive packet, aborting.");




}




else




{





receive_frame(frame,frame_length,phy_status);
// read in the frame from the frame buffer





term_printf("\r\nReceived packet from node ");





term_int(dest_addr);





//term_bin(frame,frame_length);
// print to terminal





if (*EMERGENCY & 0b00000001)





{






if (!emergency)



// only run this code the first time an emergency occurs






{







emergency = true;







term_printf("\r\nThe house is on fire, enabling emergency LEDs");







if(*EMERGENCY & 0b00000010)







{








led_left = true;







}







else







{








led_right = true;







}






}





}





else





{






emergency = false;






led_left = false;






led_right = false;





}




}



}



zig_set_state(TRX_OFF);



//zgb_slp = 1;


}


return;

}

6.9 GUI Code

Public Class GHGUI

    'Define public variables for emergency, count and simulation bits

    Dim Emergency As String

    Dim Count As Integer

    Dim simulate As Char() = "f"

    Dim atrium_sim As Char() = "f"

    Dim east_sim As Char() = "f"

    Dim fitz_sim As Char() = "f"

    Dim west_sim As Char() = "f"

    Private Sub Fire_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Fire.Click

        If Fire.Text = "Light a Fire" Then

            Fire.Text = "End Simulation"

            simulate = "t"

            If AtriumFire.Checked Then

                atrium_sim = "t"

            Else

                atrium_sim = "f"

            End If

            If EastFire.Checked Then

                east_sim = "t"

            Else

                east_sim = "f"

            End If

            If FitzFire.Checked Then

                fitz_sim = "t"

            Else

                fitz_sim = "f"

            End If

            If WestFire.Checked Then

                west_sim = "t"

            Else

                west_sim = "f"

            End If

        Else

            Fire.Text = "Light a Fire"

            simulate = "f"

            Atrium.BackColor = Color.White

            East.BackColor = Color.White

            West.BackColor = Color.White

            Fitz.BackColor = Color.White

            LCR.Visible = False

            LCL.Visible = False

            AtriumU.Visible = False

            AtriumD.Visible = False

            FitzU.Visible = False

            FitzD.Visible = False

            EastRight.Visible = False

            EastL.Visible = False

            WestR.Visible = False

            WestL.Visible = False

        End If

    End Sub

    Private Sub SendMicroControllerCommand(ByVal Command As String)

        'Subroutine enables communications between a Visual Basic program and a microcontroller based system connected 

        ' via serial port.

        Dim RefreshDataSuccessBoolean As Boolean

        Select Case Command

            'Get the current data from the node and send simulation info to the node

            Case Is = "Receive node information"

                RefreshDataSuccessBoolean = GetNodeInformation()

                If RefreshDataSuccessBoolean Then

                    SerialStatus.BackColor = Color.Green

                Else

                    StatusMessageLabel.Text = "Timed Out"

                    SerialStatus.BackColor = Color.Red

                End If

        End Select

    End Sub

    Private Function GetNodeInformation() As Boolean

        'Function receives a burst of data from the microcontroller and selectively reads it from the serial port buffer in

        'order to decode it into the appropriate screen values.

        'Function also sends the current simulation values to the central node

        Dim listen(3) As Char

        Dim simvar(1) As Char

        Dim ReplyChar(91) As Char

        Dim DelayInteger As Integer = 1

        Dim ExpectedBurstLengthInt = 91

        Dim Location As String

        Dim Temp As String

        Dim Arrow As String

        Dim PIR As String

        Dim Fire As String

        Dim Display As String

        'Wait for the microcontroller system until either the entire message is received

        While ((MicroControllerSerialPort.BytesToRead < ExpectedBurstLengthInt))

        End While

        'Read the message burst into the ReplyChar array from the serial port

        MicroControllerSerialPort.Read(ReplyChar, 0, 91)

        'Send the simulation data to the central node

        MicroControllerSerialPort.Write(simulate, 0, 1)

        If simulate = "t" Then

            MicroControllerSerialPort.Write(atrium_sim, 0, 1)

            MicroControllerSerialPort.Write(fitz_sim, 0, 1)

            MicroControllerSerialPort.Write(west_sim, 0, 1)

            MicroControllerSerialPort.Write(east_sim, 0, 1)

        End If

        MicroControllerSerialPort.Read(simvar, 0, 1)

        'Incrementing Counter to make sure data is being received/sent

        Count = Count + 1

        CountText.Text = Count

        'Parse the received data into the appropriate segments and display in the appropriate label controls

        If simulate = "f" Then

            Location = New String(ReplyChar, 13, 5)

            Emergency = New String(ReplyChar, 25, 2)

            Temp = New String(ReplyChar, 34, 5)

            Fire = New String(ReplyChar, 46, 2)

            PIR = New String(ReplyChar, 57, 2)

            Arrow = New String(ReplyChar, 67, 2)

        Else

            MicroControllerSerialPort.Read(simvar, 0, 1)

            MicroControllerSerialPort.Read(simvar, 0, 1)

            MicroControllerSerialPort.Read(simvar, 0, 1)

            MicroControllerSerialPort.Read(simvar, 0, 1)

            Location = New String(ReplyChar, 13, 5)

            Emergency = New String(ReplyChar, 25, 2)

            Temp = New String(ReplyChar, 34, 5)

            Fire = New String(ReplyChar, 46, 2)

            PIR = New String(ReplyChar, 57, 2)

            Arrow = New String(ReplyChar, 67, 2)

        End If

        LocationText.Text = Location

        EmergencyText.Text = Emergency

        TempText.Text = Temp

        FireID.Text = Fire

        PIRText.Text = PIR

        ArrowText.Text = Arrow

        If PIR = "01" Then

            Display = "People"

        ElseIf PIR = "00" Then

            Display = "Empty"

        Else

            Display = "Error"

        End If

        'Choose the correct room in which to display the data

        Select Case Location

            Case Is = "00002" 'Atrium

                Atriumtemp.Text = Temp

                AtriumPIR.Text = Display

                If (Fire = "01" Or (simulate = "t" And Fire = "74")) Then

                    Atrium.BackColor = Color.Red

                    AtriumFire.Checked = True

                Else

                    Atrium.BackColor = Color.White

                End If

                If (Emergency = "01" Or simulate = "t") Then

                    Select Case Arrow

                        Case Is = "01"

                            AtriumU.Visible = True

                        Case Is = "00"

                            AtriumD.Visible = True

                    End Select

                Else

                    AtriumU.Visible = False

                    AtriumD.Visible = False

                End If

            Case Is = "00003" 'Fitz Hall

                Fitztemp.Text = Temp

                FitzPIR.Text = Display

                If (Fire = "01" Or (simulate = "t" And Fire = "74")) Then

                    Fitz.BackColor = Color.Red

                    FitzFire.Checked = True

                Else

                    Fitz.BackColor = Color.White

                End If

                If (Emergency = "01" Or simulate = "t") Then

                    Select Case Arrow

                        Case Is = "01"

                            FitzU.Visible = True

                        Case Is = "00"

                            FitzD.Visible = True

                    End Select

                Else

                    FitzU.Visible = False

                    FitzD.Visible = False

                End If

            Case Is = "00004" 'West Hall

                Westtemp.Text = Temp

                WestPIR.Text = Display

                If (Fire = "01" Or (simulate = "t" And Fire = "74")) Then

                    West.BackColor = Color.Red

                    WestFire.Checked = True

                Else

                    West.BackColor = Color.White

                End If

                If (Emergency = "01" Or simulate = "t") Then

                    Select Case Arrow

                        Case Is = "00"

                            WestR.Visible = True

                        Case Is = "01"

                            WestL.Visible = True

                    End Select

                Else

                    WestL.Visible = False

                    WestR.Visible = False

                End If

            Case Is = "00005" 'East Hall

                Easttemp.Text = Temp

                EastPIR.Text = Display

                If (Fire = "01" Or (simulate = "t" And Fire = "74")) Then

                    East.BackColor = Color.Red

                    EastFire.Checked = True

                Else

                    East.BackColor = Color.White

                End If

                If (Emergency = "01" Or simulate = "t") Then

                    Select Case Arrow

                        Case Is = "00"

                            EastRight.Visible = True

                        Case Is = "01"

                            EastL.Visible = True

                    End Select

                Else

                    EastL.Visible = False

                    EastRight.Visible = False

                End If

        End Select

        Return True

    End Function

    Private Sub MicroComm_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles MicroComm.Click

        'Button click either starts or stops communications with the central node

        If MicroComm.Text = "Start Communications" Then

            MicroComm.Text = "Stop Communications"

            MicroControllerSerialPort.Open()

            Timer1.Enabled = True

            SerialStatus.Text = MicroControllerSerialPort.IsOpen

            SendMicroControllerCommand("Receive node information")

        Else

            MicroControllerSerialPort.Close()

            Timer1.Enabled = False

            MicroComm.Text = "Start Communications"

        End If

    End Sub

    Private Sub Timer1_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Timer1.Tick

        'Receive node data every time the clock ticks

        SendMicroControllerCommand("Receive node information")

    End Sub

    Private Sub Timer2_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Timer2.Tick

        'Flashing status message to alert user that system is in emergency mode

        If Emergency = "01" Then

            If Firetext.Visible = False Then

                Firetext.Visible = True

            Else

                Firetext.Visible = False

            End If

        Else

            Firetext.Visible = False

        End If

    End Sub

    Private Sub Timer3_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles Timer2.Tick

        'Flashing status message to alert user that system is in simulation emergency mode

        If simulate = "t" Then

            If SimEmergencyBox.Visible = False Then

                SimEmergencyBox.Visible = True

            Else

                SimEmergencyBox.Visible = False

            End If

        Else

            SimEmergencyBox.Visible = False

        End If

    End Sub

    Private Sub EastR_Load(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles MyBase.Load

        Me.Text = "Sensor Network User Interface"

    End Sub

End Class




































































































































Figure � SEQ Figure \* ARABIC �24�: GUI Flow Chart





Figure � SEQ Figure \* ARABIC �9�: Charging Circuit
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Figure � SEQ Figure \* ARABIC �6�


Figure � SEQ Figure \* ARABIC �6�


Figure � SEQ Figure \* ARABIC �6�: PIR Sensor Schematic
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Figure � SEQ Figure \* ARABIC �5�


Figure � SEQ Figure \* ARABIC �5�


Figure � SEQ Figure \* ARABIC �5�


Figure � SEQ Figure \* ARABIC �5�: Software Flow Diagram of read_temp Function





Figure � SEQ Figure \* ARABIC �4�: Software Flow Diagram of take_temp Function









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� http://ww1.microchip.com/downloads/en/DeviceDoc/21743a.pdf


� http://www.parallax.com/dl/docs/prod/audiovis/PIRSensor-V1.2.pdf


� http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=160-1620-ND


� http://ww1.microchip.com/downloads/en/DeviceDoc/39626e.pdf


� http://www.onsemi.com/pub_link/Collateral/LP2950-D.PDF


� http://datasheets.maxim-ic.com/en/ds/MAX712-MAX713.pdf


� http://datasheets.maxim-ic.com/en/ds/DS1390-DS1394.pdf


� http://search.digikey.com/scripts/DkSearch/dksus.dll?Detail&name=P031-ND


� http://www.batteryholders.com/bh401.pdf
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