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[bookmark: _Toc228632129]Project Overview
[bookmark: _Toc228632130]Introduction
The goals of this project were to demonstrate analog to digital conversion, and UART to RS-232 conversion, while working with a group. 
Analog to digital conversion is used in many telecommunications networks such as VO-IP and streaming video, and signal conversion is used in almost any signal transmission. Knowledge of these two staples of the telecommunication world gives us a better understanding of the underlying foundation of community and our current communication infrastructure. 
Team Basic consists of 6 members; members were polled and separated into three groups according to their ability and interests. The three categories were Hardware, Software and Documentation. There was lots of overlap between the categories and contributions, we all had to write documentation and there was a software aspect to the hardware. 
A lassie-fair/human resources management style was used, in which each group member was given the chance to contribute his or her suggestions.  This management style works best with rapid prototyping development, and for accessing the abilities and prospects of group members. 
Execution of the product design and implementation was completed with minimal group friction and error. Group think was also kept to a minimum thanks to the open natured group environment. 
Using current technologies and current information was vital to the simplicity of our design and allowed group members to spend time creating and improving as opposed to debugging.  

[bookmark: _Toc228632131]Work Breakdown Structure
	ID
	Activity
	Date
	Description
	Deliverables
	Duration
	People

	1
	Assign Tasks
	3/31/2009
	Develop a preliminary design, Divide into groups to handle certain tasks
	 
	1
	 

	1.1
	Hardware
	 
	PIC ??, LM 34
	 
	1
	Mike McCarty, Ray Olsson

	1.2
	Software
	 
	LabView, C#, .NET
	 
	1
	Drew Delheimer, Josue Salazar

	1.3
	Documentation
	 
	WBS, Costs, PowerPoint
	Lab Reports
	1
	Freyja Harris, Duc Tran

	 
	 
	 
	 
	 
	 
	 

	2
	Prototype
	4/7/2009
	Ascertain Design, begin implementing the design, test the program that handles the PIC
	 
	 
	 

	2.1
	Hardware
	 
	LM335, PIC12F675
	Circuit
	1
	Mike McCarty, Ray Olsson

	2.2
	Software
	 
	LabView, C#
	Program
	1
	Drew Delheimer, Josue Salazar

	2.3
	Documentation
	 
	WBS, schematics, Lab Reports
	Lab Reports
	1
	Freyja Harris, Duc Tran

	 
	 
	 
	 
	 
	 
	 

	3
	Completing the Design
	4/14/2009
	Complete the circuit, revise and finish the program to handle the PIC, test the design
	Complete Circuit
	1
	

	3.1
	Hardware
	 
	LM335, PIC12F675
	Circuit
	1
	Mike McCarty, Ray Olsson

	3.2
	Software
	 
	C#
	Program
	1
	Drew Delheimer, Josue Salazar

	3.3
	Documentation
	 
	WBS, Schematics, Lab Reports, Costs
	WBS, Lab Reports
	1
	Freyja Harris, Duc Tran

	 
	 
	 
	 
	 
	 
	 

	4
	Wrap up, Presentation
	4/21/2009
	Test design once more, discuss the final Lab Report and PowerPoint presentation
	 
	1
	

	4.1
	Hardware
	 
	Documentation on LM 335 and PIC
	Documentation
	1
	Mike McCarty, Ray Olsson

	4.2
	Software
	 
	Documentation on LabView and C#
	Documentation
	1
	Drew Delheimer, Josue Salazar

	4.3
	Documentation
	 
	Lab Report and PowerPoint Presentation
	Lab Report and PowerPoint
	1
	Freyja Harris, Duc Tran

	
	
	
	
	
	
	

	5
	Presentation
	4/28/2009
	During the presentation, everyone will discuss their contribution to the project
	Presentation
	1
	Evereyone


[bookmark: _Toc228632125]Table 1WBS
[bookmark: _Toc228632132]Preliminary Design
Our initial design was to use a PIC to receive the analog input from the LM34. The PIC would then handle the analog to digital conversion, as well the UART process. Depending on the PIC we choose to use, we could have had software or hardware UART. We would then use software to convert the data from the UART to RS-232. Finally, the data would be displayed on the computer using some sort of graphical representation. Figure 1 below illustrates this concept. This design would reflect on our realized design as it much resembles in function and components.
 (
LM 34
)
 (
PC
) (
PIC ??
)
 (
A/D
)
 (
UART to RS-232 Converter
)
 (
UART
)

[bookmark: _Toc228632114]Figure 1Preliminary Design
[bookmark: _Toc228632133]Final Design
Our design rests on the capabilities of the PIC 12F675. The PIC averages 100 analog readings of the LM335 and converts this data to a string representation of a floating point number and sends it via the UART process. The PC would then receives and manipulates the 8 bit data so it can be displayed using LabView. The temperature that is displayed is accurate to within 2 degree Celsius and will display a temperature range from 0 to 130 degrees Fahrenheit.  Figure 2 depicts the circuit (not connected to PC).

[bookmark: _Toc228632115]Figure 2 Circuit Design
[bookmark: _Toc228632134]Design Implementation
[bookmark: _Toc228632135]Hardware:
[bookmark: _Toc228632136]Temperature sensors specifications
The LM335Z is a low cost precision integrated circuit temperature sensor that operates from –40 to 100 degrees Celsius. It has an input impedance of less than 1 ohm and operates over a current range from 400 micro amps to 5 milliamps with minimal changes in the devices in circuit performance. The package type is the TO-92 plastic package.
[bookmark: _Toc228632137]Temperature Sensor operation 
The LM335 operates as a 2-terminal Zener diode with the breakdown voltage level directly proportional to an absolute temperature at +10 mV per degree Kelvin and must be reversed biased in order for it to generate a temperature dependent analog output voltage. The sensor does not require load impedance, but does require a current limiting source resistor to place the device in the proper operating mode. The adjustment input of the LM335 can be used to calibrate the temperature sensor for higher degrees of accuracy. This is accomplished by connecting a potentiometer across the LM335 with the center tap connected to the adjustment input terminal of the temperature sensor. 
The calibration is then performed so that the analog output voltage of the sensor as measured between the + output terminal of the sensor and ground corresponds to the ambient temperature of the room. Using the formula Ta in degrees, the temperature conversion to degrees Fahrenheit can be made by multiplying the degrees Celsius by 9/5 and adding 32. Since the LM335 temperature sensor operates on a linear scale, errors in the sensors output voltage are only scale factor errors. This means that the slope calibration at one temperature corrects for errors at all temperatures. Figure 3 illustrates this notion. The accuracy of the sensor Celsius is to within 2 degree Celsius when operated within the specified current range, which provides for sufficient current to drive the sensor, potentiometer, and the load.

[bookmark: _Toc228632116]Figure 3 Accuracy Calibration
[bookmark: _Toc228632138]Temperature Circuit Design   
In order for the sensor to be utilized in a variety of environmental conditions a 10-µF decoupling capacitor was added between the voltage source and ground. This provides isolation from potential switching transients that could propagate into the temperature sensors circuit. A filter capacitor of     0.1-µF Ceramic was also placed between the output from the LM335Z and ground to minimize the effects of noise.
[bookmark: _Toc228632139]The MicroChip ® PIC 12F675
We have chosen the PIC 12F675 to handle this project because it was the smallest and cheapest PIC available that fits this project.  The PIC consists of 5 analog inputs and 1024 ROM words. One of the tradeoffs for using this PIC was a lack of hardware UART to transmit the data. In order to solve this, we resorted to using software UART. 
This PIC has very little ROM program memory, thus many initial programs did not work because they used too much ROM memory. However, after several tries we were able to take 100 measurements and average them, then output them.  This used up 95% of the PIC’s ROM. 
“ROM used: 969 (95%), 969 (95%) including unused fragments” – compiler output
 (
AN1
X
AN2
AN0
VDD
OSC1
OSC2
MCLR
VSS
PIC
12F675
+5v
Gnd
20MHz
CLK
+5v
Analog In from sensor
UART Output to Transistor
)Figure 4 is a simple diagram of the PIC circuit:

	

[bookmark: _Toc228632117]Figure 4 PIC Pin out
An alternate design we could have chosen was to use a PIC 12F629. The PIC 12F629 is very similar to the PIC 12F675 except that the former holds twice as much memory (2048 ROM words). However, we did not have to resort to this design since the PIC 12F675 had sufficient memory for our project code. 
[bookmark: _Toc228632140]Software UART
Software UART was our only option in this project, given the PIC we used. Software UART uses time driven hardware interrupts to send data at set time intervals. We decided to use 9600/N/8 as the settings because that is the default settings for most applications. We transmit our bits for seconds, or 104 µseconds. Every 104 µseconds the next bit in the data to be transmitted must be moved to the transmit pin. Since changing a pin from low to high just takes a second, in between changing the transmit (tx) pin we will be processing our other functions. 



For instance if we were going to transmit “0011001”:
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[bookmark: _Toc228632118]Figure 5 PIC Process Timeline
[bookmark: _Toc228632141]UART to RS-232 conversion
In the conversion from UART to RS-232 the ‘0’ bit is inverted and the ‘1’ bit is given a negative voltage.  Figure 6 is a diagram to illustrate the two. 
 (
+3v
 
-3v
 
1
0
0v
 
0
1
RS-232
UART
UART: if x > 5v then x=1 elseif x<1 then x=0
RS-232: if x < -3v then x=1 elseif x>3v then x=0
NOTE: this diagram does not accurately describe TTL, UART or rs-232 thresholds but merely demonstrates the similarities between them.
)
	


[bookmark: _Toc228632119]Figure 6 UART and RS-232
 (
DB9 RX Pin 2
DB9 Gnd Pin 5
470Ω
10KΩ
UART PIC Pin 5
+5v
Common Ground
2N3906
)In order to convert from UART to RS-232 for a logic 0 it is enough to invert the TTL/CMOS output. This method would mean that 0v would become 5v which is a logic 0 in RS-232. There is no way for us to generate negative voltages from the PIC, so for the RS-232 equivalent of a ‘1’ we will need to generate a voltage less than -3v, this can only be done by using a transistor and a resistor. Figure 7 below illustrates this concept. 


[bookmark: _Toc228632120]Figure 7 Transistor Conversion

•Note: All of this works because we are not going long distances; if we were going to have cable from one room to another then this method might not work. This method is not recommended for cables longer than 10 feet. An alternate power supply with ± 12v or a MAX-232 chip would be advised for transmitting on a longer cable. 

[bookmark: _Toc228632142]Software:
[bookmark: _Toc228632143]Software on receiver
In order to receive and manipulate the data coming from the PIC microcontroller, our team had the opportunity to create two programs in different programming languages. One of them was done with the graphical programming environment LabView and the second program was done with C#. 
The block diagram in Figure 8 graphically presents the inputs and outputs of the receiver (in our case, the PC). The flow of data begins with the PC receiving a floating point number composed of eight characters. One character represents a whole digit, one the period (.) , and the other six are decimal digits. The COM port of the PC will receive the 8 characters and software code will extract them from the selected port. After that the programmed code manipulates the data converting it into Celsius and Fahrenheit units. This information is then displayed by the software as an output. The LM335 output represents the actual floating point number received from the PIC microcontroller.


[bookmark: _Toc228632121]Figure 8 Receiver Block Diagram
[bookmark: _Toc228632144]LabView Implementation
LabView provides a virtual instrument called “Visa Configure Serial Port” which lets you open the COM port and use it with the desired a configuration. The signal configuration was hard coded on the PIC with a baud rate of 9600 bps, 8 data bits, no parity, one stop bit, and no flow control. So to allow the receiver to understand the received signal we need to replicate this configuration on the “Visa Configure Serial Port.” The block diagram in Figure 9 shows how this VI (virtual instrument) is configured.
From left to right the next component following the “Visa Configure Serial Port” is a Loop which first contains a “Visa Read” virtual instrument. This VI is the component that actually polls the COM port and waits for the eight characters every time the loop is executed. The output of this VI is a string containing the eight character floating point number. This string is then transformed into a Double by another virtual instrument called “Fract/Exp String to Number.” After this, the Double number is manipulated in order to convert it into degrees Celsius and Fahrenheit. Then the appropriate conversions are displayed in number and graphically using the “Thermometer Numeric Indicator.” On Figure 10 you can see the software user interface. 
[image: ]
[bookmark: _Toc228632122]Figure 9 LavView Block Diagram
[image: ]
[bookmark: _Toc228632123]Figure 10 LabView Front Panel
[bookmark: _Toc228632145]Software Implementation Compare and Contrast
Since LabView is a graphical programming language, it is easier to understand the data flow and transformations. This means that one can visually track how the data moves through the different virtual instruments (which represent functions) until the output is displayed.
Another advantage of using LabView is that it is easy to integrate dynamic graphical indicators for the output data.





[bookmark: _Toc228632146]Cost Analysis
Table 2 below shows the cost of the hardware and labor involved within this project.
	Hardware Components
	 
	 
	 
	 
	 
	 
	Cost

	LM335Z
	 
	 
	 
	 
	 
	 
	$0.66 

	PIC 12F675
	
	
	
	
	
	
	$1.22 

	DB9 Connector
	
	
	
	
	
	
	$1.33 

	Resistors(470Ω , 1kΩ, 10kΩ )
	
	
	
	
	
	
	$1.50 

	Transistor(2N3906)
	
	
	
	
	
	
	$0.10 

	Capacitors(10µF, 22pF)
	
	
	
	
	
	
	$1 

	Breadboard(solder, solderless)
	
	
	
	
	
	
	$11 

	Wiring
	
	
	
	
	
	
	$3 

	20 MHZ Clock
	
	
	
	
	
	
	$0.52 

	Total
	 
	 
	 
	 
	 
	 
	$16.33 

	
	
	
	
	
	
	
	

	Employment Hours
	 
	 
	 
	 
	 
	 
	 

	People
	 
	# of hours
	 
	Salary Cost 
	 
	 
	Total

	..
	
	10
	
	$20 
	
	
	$200 

	..
	
	10
	
	$20 
	
	
	$200 

	..
	
	10
	
	$20 
	
	
	$200 

	..
	
	10
	
	$20 
	
	
	$200 

	..
	
	10
	
	$20 
	
	
	$200 

	..
	 
	10
	 
	$20 
	 
	 
	$200 

	Total
	 
	60
	 
	$20 
	 
	 
	$1,200 

	 
	 
	 
	 
	 
	 
	 
	 

	Total Cost
	 
	 
	 
	 
	 
	 
	$1,216.33 


[bookmark: _Toc228632126]Table 2 Cost Analysis
[bookmark: _Toc228632147]Conclusion
We were able to reach our goals of implementing a simple, functional, and cost effective design of a telemetering module. The capabilities of a PIC microcontroller in combination with the flexibility of software make this temperature gauge system consistent and successful. It was due to everyone’s contributions that made this project quick and unproblematic. Further documentation can be found within the Appendices.
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[bookmark: _Toc228632151]Code of PIC
#include <12F675.h>
#device adc=8
#use delay(clock=20000000)
#fuses NOWDT,HS, NOCPD, NOPROTECT, MCLR, NOPUT, BROWNOUT
#use rs232(baud=9600,parity=N,xmit=PIN_A2,bits=8)

#include "12f675test.h"
  #include <float.h>
  //#include <math.h>
  #include <stdio.h>
  //#include <string.h>

   // adc variables
   int i =0;
   int adc_value;
   float volts;
   //float diff = 30.4; // scale it down  ?
   int32 total = 0;
   //float temp = 0; // chop off the .xx

void main()
{

   setup_adc_ports(sAN0|VSS_VDD);
   setup_adc(ADC_CLOCK_DIV_8);
   set_adc_channel(0);
   setup_timer_0(RTCC_INTERNAL|RTCC_DIV_1);
   setup_timer_1(T1_DISABLED);
   setup_comparator(NC_NC_NC_NC);
   setup_vref(FALSE);

   while(1){
         //temp=0;
         total = 0;
         for (i=0; i<100; i++)
         {
            adc_value = read_adc();
            total = total + adc_value;
            //printf("\n\r %d : %U",i,total);
            delay_us(1000);
         }
         volts = (float)((total/100)*5)/255;

         delay_ms(500);
         printf("%f",volts);
   }

}










[bookmark: _Toc228632152]Software code
[bookmark: _Toc228632153]C# Code
using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;
using System.IO.Ports;

namespace WindowsFormsApplication2
{
    public partial class telecomLabForm : Form
    {
        System.Windows.Forms.Timer Clock;
        String lastReading;

        public telecomLabForm()
        {
            InitializeComponent();
            Clock = new System.Windows.Forms.Timer();
            Clock.Interval = 600;
            Clock.Enabled = true;
            Clock.Tick += new EventHandler(Timer_Tick);
            comPort.BaudRate = 9600;
            comPort.PortName = "com1";
            outputlabel.Text = "Starting";
            richTextBox2.Visible = false;
        }
        public void output(string output)
        {
            outputlabel.Text = output;
            richTextBox1.Text += output + "\n";
        }
        public void Timer_Tick(object sender, EventArgs eArgs)
        {
            lastReading = "";
            if (comPort.IsOpen) // if the port is open get data
            {
                lastReading = comPort.ReadExisting();
                try
                {
                    double tempdob = (Convert.ToDouble(lastReading) * 100.0) - 273.0;
                    int celsius = (int)tempdob;
                    int fahrenheit = (int)(celsius * 9.0 / 5.0 + 32.0);
                    TempOutput.Text = celsius.ToString() + "°C ~ " + fahrenheit.ToString() + "°F";
                }
                catch
                {

                }
            }
            if (lastReading != "") // if we got data do it
            {
                outputTextBox.Text = lastReading;
                //richTextBox2.Text += lastReading + "\n";
            }
        }
      public bool openPort()
        {
            output("Opening Port");
            try
            {
                comPort.Open();
                output("Port Ready");
            }
            catch
            {
                output("Cant Open Port");
                comPort.Close();
                return false;
            }
            return true;
        }

      public string getComInfo()
        {
            return comPort.ReadExisting();
        }
      private void DataReceived(object sender, SerialDataReceivedEventArgs e)
        {
            try
            {
                //outputTextBox.Text = Convert.ToDouble(getComInfo());
                //richTextBox1.Text += Convert.ToDouble(getComInfo());
            }
            catch
            {}
        }
      private void formClosed(object sender, FormClosedEventArgs e)
        {
            try
            {
                comPort.Close();
            }
            catch
            {}
        }
      private void outputTextBox_TextChanged(object sender, EventArgs e)
        {}
      private void comboBox1_SelectedIndexChanged(object sender, EventArgs e)
        {
            comPort.Close();
            comPort.PortName = comboBox1.Text;
            output("trying port " + comboBox1.Text);
            openPort();
            outputTextBox.Text = comboBox1.Text;
        }
      private void label1_Click(object sender, EventArgs e)
        {}
      private void comboBox2_SelectedIndexChanged(object sender, EventArgs e)
        {
            output("Change Baud: " + comboBox2.Text);
            comPort.BaudRate = Convert.ToInt32(comboBox2.Text);
            openPort();
        }
      private void button1_Click(object sender, EventArgs e)
        {
            if (panel1.Visible)
            {
                panel1.Visible = false;
            }
            else
            {
                panel1.Visible = true;
            }
        }
      private void panel1_Paint(object sender, PaintEventArgs e)
        {}
      private void label1_Click_1(object sender, EventArgs e)
        {}
      private void richTextBox1_TextChanged(object sender, EventArgs e)
        {
            richTextBox1.Select(richTextBox1.Text.Length + 1, 2);
            richTextBox1.ScrollToCaret();
        }
      private void richTextBox2_TextChanged(object sender, EventArgs e)
        {
            richTextBox2.Select(richTextBox2.Text.Length + 1, 2);
            richTextBox2.ScrollToCaret();
        }
    }
}


[bookmark: _Toc228632154]Appendix C
Figure 11 below depicts our functional circuit.
[image: ]
[bookmark: _Toc228632124]Figure 11 Picture of Circuit
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