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Abstract 

Remote Controlling and Monitoring of Biological Incubators 

By: 

Suhair Sabarnah 

Mirvat Al- Qawasmeh 
Samahir Abd Alraziq 

Palestine Polytechnic University - 2009 

Supervisor: 
Eng. Yousef Salah 

A biological incubator provides controlled environment for newborns needing 

special care. Managing Staff must walk around and check incubators one by one. 

Fortunately remote control technologies incorporated with the World Wide 

Web have created the possibility of the web-based monitoring system which is 

important for people who live in remote areas where special care is required, and 

where geographical distance is a critical. 

Thus, the project focuses on the design and implementation of biological 

incubator that can be accessed remotely to help manage and monitor conditions within 

the incubator using the Ethernet network to overcome space limitation and to enable 

immediate response to unusual circumstances. 
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Chapter One 

Introduction 

1.1 Overview 

Fortunately, Telemedicine is producing a great impact in the monitoring of 

creatures located in remote nonclinical environments such as homes, military bases, and 

the like. A number of applications, ranging from data collection, to chronic creature 

surveillance, and even to the control of therapeutic procedures, are being implemented 

in many parts of the world. 

As part of this growing trend, in this project, we present a real-time remote 

patient monitoring service through World Wide Web (WWW), which allows physicians 

to monitor their patient in remote sites using popular Web browser. 

The System implements the idea of device controlling through the Web. The 

system focuses on how devices that connected to a network could be accessed, 

controlled, and utilized. This criterion is useful to obtain the results a device dedicated 

to do remotely, as if it installed on front of a user. Basically, the system will control a 

biological incubator through a web using PIC web server development board. 
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1.2 Project Objectives 

The project aims to design and build electrical system that controls the incubator 

parameters including (temperature, humidity, and oxygen) by using PIC web 

development board and special sensors to create the best environment inside the 

incubator. 

1.3 Literature Review 

There are several studies and projects working on remote control of biological 

incubator: 

1- Project Title" Web-based remote monitoring of infant incubators in the 

ICU" .[9] 

This project was introduced and approved in the2003 academic year in the 

Department of Biomedical Engineering, College of Medicine, Han Yang University. 

Project Description: 

The aim of study is to help to manage and monitor conditions within incubators in 

the infant ICU using the hospital network to overcome space limits that restrict 

available room for controlling equipment and to enable immediate response to unusual 

circumstance. 
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A web-based real-time operating, management, and monitoring system for checking 

temperature and humidity within infant incubators using the Intranet has been 

developed and installed in the infant Intensive Care Unit (ICU). The project created a 

pilot system which has a temperature and humidity sensor and a measuring module in 

each incubator, which is connected to a web-server board via an RS485 port. The 

system transmits signals using standard web-based TCP /IP so that users can access the 

system from any Internet-connected personal computer in the hospital. 

Using this method, the system gathers temperature and humidity data transmitted 

from the measuring modules via the RS485 port on the web-server board and creates a 

web document containing these data. The system manager can maintain centralized 

supervisory monitoring of the situations in all incubators while sitting within the infant 

ICU at a work space equipped with a personal computer. The system can be set to 

monitor unusual circumstances and to emit an alarm signal expressed as a sound or 

a light on a measuring module connected to the related incubator. 

In conclusion, the study presents a solution to the need for centralized 

supervisory control and management, especially as use of various types of equipment 

used in hospitals increases in the future. 
' 

2- Project Title "CGI-based applications for distributed embedded systems 

for monitoring temperature and humidity "[10] 

This project was introduced and approved in the 2003/2004 academic 

year in senior university. 
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Project Description: 

Discusses the using of Common Gateway Interface in developing web-based 

distributed embedded systems. It shows the tree-layer model in developing client-server 

applications. An example using a BECK microcontroller SC12 in application for 

monitoring temperature and relative humidity in rooms with controlled microclimate is 

shown. SC12 is a system-on-chip with embedded RTOS, TCP/IP stack and CGI 

software. 

In conclusion the represented system successfully integrates the functionality of the 

sensor, GSM gateway and embedded web server and RTOS. The client-server model 

guarantees the openness of the project and ability to expand. 
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1.4 Time Schedule 

The time plan views the stages in designing and building the system 

components. This section includes two time schedules; the first one what is done in the 

first semester while the second shows the task scheduling for the second semester. 

Table 1-1 Shows the first semester tasks; all task are referred to the theoretical 

background and the whole system analysis. 

Table 1-1: Time planning (first semester) 

Data Gathering 

Documentation 
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Table 1-2 Shows the second semester tasks· all tasks are referred to the 
' 

implementation and the whole system testing. 

Table 1-2 Time Planning (second Semester). 

Task/Week 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

I I I 
I lilllll 
I I [7 

«....[5 [Alli] l 

Software Design 

Hardware 
Implementation 

Integrated 
System Testing 
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1.5 Estimated Cost 

This sectfon lists the overall cost of the project, the cost includes the hardware 

cost, and the software cost. 

Hardware cost: includes the cost of the components that was used to implement the 

project .Table 1-3 shows these costs. 

Table 1-3 Hardware Cost. 

] Component :I Price ; 

[Piewebdevelopment board[][250$ 
folimex_Programmer_( PIC-PGl )_'I_ __ 30_~ _' 

] Temperature sensor [ ss ! 

[mmia/sensor [555 
[ans I os 
[Fa ii 5$ , 

[Incubator box •I 50 s 
[Cross over cable !I 10$ : 

[Serial Cable ]I 15$ 

'.I Breadboards &wires :I 5$ 1 

[Resistors &Transistors &Relays"]'30$ 
:I._Power __ supply :[~-~~ 
[ohier Services(printing , .. . ) J 225$ 
[Toa [7os 
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Software Cost: includes the software used to implement the project .Tablel-4shows 

the cost of each component. 

Table 1-4: Software Cost 
[sans [cow 
]'Software Implementation"["200$ 
[Internet Domain'[99$ 
[Web Page Design'[55$' 

1.6 Risk Management 

The implementation of any project may face many risks during each stage of the 

project determining, analyzing the system requirements, designing, implementing and 

testing the whole system .This section illustrates what are the problems which occurred 

during the implementation. 

1.6.1 Hardware Risk 

The most important hardware part in the system is the PIC web development board, 

the risks are: 

• Device failure: the pie web board crash because of high voltage supply and other 

problems. 

• The device operates differently than intended. 

• Sensors don't react correctly due to a specific response that may result from 

many causes. 
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1.6.2 Group Risk 

• Illness of one of group members 

• Member of team becomes unavailable for any reason. 

1.6.3 Requirements Risks 

• Several requirements may be affected by other requirements due to the high cost 
of some components. 

• Team fails to understand the impact of requirements changes. 

1.6.4 Project Risks: 

• Some requirements and changes may arise lately. 

• Schedule is not accurate. 

• Budget not sufficient. 

• Latency of device arrival. 

Recovery: 

• Taking care when using hardware components and using them according to their 

specifications. 

• Work as team if any mission cannot be performed by any member for any 

reason .Other members should be helpful. 

• Demand device at earlier time. 

• Start working on the implementation earlier. 

• Use alternate devices with the same functionality and lost cost. 

• Try to build our own circuits that can replace unavailable device. 

10 



1.7 Report Contents 

The documentation of this project is categorized into seven chapters. The 
followings summarize briefly what each chapter will explain. 

• Chapter one: Introduction 

The chapter demonstrates a general idea about the project and its objective, 
literature review, time planning, and project risk management. 

• Chapter Two: Theoretical Background 

The chapter focuses on theories and materials that are related to our system 

operation and behavior. 

• Chapter Three: Project Conceptual Design 

The chapter describes the system in its abstract formula .It describes the project 
objectives, design option and justifies those that are chosen in The projects, a general 

block diagram, how the system works. 

• Chapter Four :Detailed Technical Project Design 

The chapter discuses a detailed description about project phases, subsystem design, 

and overall system design and user system interface. 
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• Chapter Five: Software System Design 

This chapter handles the software related to our system, and illustrates different 

function and techniques that will be considered in writing the software. Depicts flow 
charts about System operation. 

• Chapter Six: Implementation and Testing 

This chapter will manifest the implementation procedures to be acted so as to 

integrate the project. Then, a sequence of procedural testing will be listed. The testing 

comprises hardware testing. 

• Chapter Seven: Conclusions and Future Work 

This chapter will list the problems faced us in accomplishing the system and how 

did they resolved. Notes and Conclusions will help readers are also included. A future 

work is also proposed. 
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CHAPTER TWO 

Theoretical Background 

2.1 project Components 

2.2 Hardware Theoretical background 

2.3 Software Theoretical background 
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CHAPTER TWO 

Theoretical Background 

2.1 project Components 

2.2 Hardware Theoretical background 

2.3 Software Theoretical background 
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Chapter Two 

Theoretical Background 

This chapter focuses on theories and materials that are related to our system 
operation and behavior. 

2.1 Project Components 

1. The incubator. 

2. Temperature, humidity and Oxygen sensors. 

3. Pie web Development Board 

4. Required software to operate the system. 

2.2 Hardware Theoretical Background 

2.2.1 Incubator 

A biological incubator is a device used during the care of in-risk creature and 

designed with the intent of producing environment conditions those suites to each 

unique creature particular need. 

14 



2.2.1.1 What Does It Do? 

Biological incubator is used mainly to keep a creature's core temperature stable. 
Most incubators also humidify the air and can add extra oxygen. 

2.2.1.2 How It Works 

The mattress where the creature lies is completely enclosed by a clear plastic 

canopy. The temperature in the incubator is increased by a heater element below the 

mattress. A motor driven fan near the heater draws in fresh air through a filter and 
blows it past the heater, warming the air. The air is directed up through slots into the 

area above the mattress and circulated around. The air temperature is monitored by 

temperature sensors and is adjusted by controlling the current to the heater. 

Supplementary oxygen can be taken in by an oxygen inlet connection where it is 

mixed with the fresh air through the filter. 

Toe humidity can be increased by the use of water baths (passive 

humidification) or by dripping water on a heated element (active humidification). The 

creature is cared for through special access doors called arm ports. [1] 
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Table 2-1 summarizes the main incubator parameters that are managed and kept track 
during its operation. 

Table 2-1: incubator parameters 

Parameters 
Units of measurement Typical values 

Air Temperature degrees Celsius 32 to 38 C® 

Total gas intake: L/min 35 L/min 

Relative humidity % 50-100% 

2.2.1.3 The Air Circulation In The Incubator 

The forced air circulation system of the incubator: 

• Permits stable temperature control 

• Uniform heat distribution 

• Humidification. 

• Effective isolation of the infant from air born contaminants 

• Control of oxygen concentration. [8] 

16 



2.2.1.4 Block diagram of Incubator 

The following figure shows subpart of the incubator 

~-- -·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- 
I 

220v 
Power 
Supply 

5v 

Front 
Panel 

5v 
MCU 

COMP. 

COMP. 

COMP. 

Oxygen 
sensor 

AIR 

Humidifier 

F 
I 
L 
T 
E 
R 

Relay Relay 

Temp. 
sensor 

Alarms 
system 

Power switch 

Humidifier 

Figure 2-1: Block diagram of incubator 

Buzzer 

We'll briefly discuss the main characteristics of each subpart of the incubator: 

I) Power supply 
• Supplies DC voltage to feed the electrical circuit such as 5V, 12V, 18V, 24V for ICs. 

LED 

I 
·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·j 
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2) Filter 

• Filters are used for prevention the air born ba t · d · · · ctenia an any impurities. 

• Filters must be exchanged every three months. S; th · d d , iix mont is or at any time neele.. 

3) Fan 

• Fan is used to circulate the air through the incubator. 

• It may be worked by (AC) in general and rarely by DC. 

4) Heater 

• The source of heat. 

5) Humidifier. 

• The heated air passes through the humidifier to be humidified to certain level. 

• The water must be cleaned, and checked periodically. 

6) Processor 

• Main unit that used to control data traffic into and out from the incubator, 

7) Incubator 
• The enclosed box which provides the creature with the controlled environment. 

• It has doors for the physician in order to take care of the creature.[8] 
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2.2.2 Ethernet Microcontroller 

2.2.2.1 Introduction 

Microcontrollers are low-cost embedded systems that control and monitor 

consumer appliances, robots, machinery, etc. 

Enabling a microcontroller to communicate to a ubiquitous data communication 
network, e.g., the Ethernet network, will allow developers and end-users to monitor and 

control microcontroller operated devices with greater flexibility. 

2.2.2.2 PIC-WEB development board 

Is compact board which is supported by Microchip's open source TCP-IP stack 

AN833 The board is designed with PIC18F452 microcontroller and ENC28J60 Ethernet 

controller and supports: SLIP, ARP, IP, ICMP, TCP, UDP, HTTP, DHCP, and FTP. 

The Microchip stack is written on modular and flexible basis and you can enable Or 

disable modules. The stack also supports dynamic web pages which give you the 

possibility to control all PIC resources remotely via FTP, HTTP, UDP, TCP etc. The on 

board lMbit serial flash is available for data storage.[7] 
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Board Feature: 

■ PIC18F452 microcontroller, ENC28J60 Ethernet controller 

■ I Mbit on board serial flash for web pages storage 

■ ICSP/ICD connector for programming with PIC-MCP, PIC-MCP-USB and 

Programming and debugging with PIC-ICD2 and PIC-ICD2-POCKET. 

• RS232 driver and connector 

• Complete web server and TCP-IP stack support as per Microchip's open 

Source TCP-IP stack 

■ Voltage regulator +3.3V and filtering capacitors 

• Extension header to connect to other boards 

20 



2.2.2.3 Base T Crossover Cable 

10 Base T cable is one of several adaptations of the Ethernet (IEEE 

802.3)Standard for local Area Networks(LANs).10 Base T is an implementation of 

Ethernet which allows station to be attached via twisted pair cable .the name 1 O base T 

is derived from several aspects of the physical medium . the 1 O refers to the transmission 

speed of 10 Megabits per second(Mb/s).The Base is short for baseband.This means only 

one Ethernet is present on the send and /or receive pair. lOBase T uses RJ45 Jacks. 

The 10 Base T Ethernet standards use one wire pair for transition in each direction. 

This requires that the transmit pair of each device be connected to the receive pair of the 

device on the other end. When a terminal device is connected to a switch or hub, this is 

done internally in the latter. 

One terminal device may be connected directly to another without the use of a 

switch or hub but in that case the crossover must be done externally in the cable. Since 
' 

10 Base-T use pairs 2 and 3, these two pairs must be swapped in the cable This is a 

crossover cable (which we use for testing process).Crossover cable must also be used to 

connect two internally crossed devices (e.g. two hubs) as the internal crossovers cancel 

each other out. [ 11] 
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2.2.2.4 Serial Cable DB9 M/F 

Description: The basic connecting cable for any development board. these cables 

use to hook any computer with a standard RS232 Serial port to any of our boards. the 
cable features [11] 

■ Male to Female 

■ Wired straight through 
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2.2.3 Sensors 

A Sensor is a device which resp d t . . . • onas to an input quantity by generating a 
functionally related output usually in the form of a 1 t · 1 · 1 · 1 s n electrica» or optica, s1gna. ·ensor 

technology is applicable in a very broad domain including the automobiles, machines, 
medicine, commerce and industry. 

The sensing system of the incubator consists of temperature, humidity and 

Oxygen sensor. 

2.2.3.1 Temperature Sensor (LM35) 

The LM35 series are precision integrated-circuit temperature sensors, whose 

output voltage is linearly proportional to the Celsius (Centigrade) temperature. The 

LM35 thus has an advantage over linear temperature sensors calibrated in° Kelvin, as 

the user is not required to subtract a large constant voltage from its output to obtain 

convenient Centigrade scaling. 

The LM35 does not require any external calibration or trimming to provide 

typical accuracies of ±14°C at room temperature and ±34C over full-55 to + 150°C 
temperature range. Low cost is assured by trimming and calibration at the wafer level. 

The LM35's low output impedance, linear output, and precise inherent 

calibration make interfacing to readout or control circuitry especially easy. 
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It can be used with single power supplies, or with plus and minus supplies. As it 

draws only 60 µA from its supply, it has very low self-heating, less than 0.1°C in still 
air. The LM35 is rated to operate over a-55° to + l 50°C temperature range. [ 4] 

The main features of the LM35 temperature sensor are: 

■ Calibrated directly in ° Celsius (Centigrade) 

a Linear + IO. 0 m V /°C scale facto 

■ 0.5 °C accuracy guarantee able (at +25°C) 

■ Suitable for remote applications 

■ Low cost due to wafer-level trimming 

s Operates from 4 to 30 volts 

Figure 2-4 Shows the Temperature Sensor 

I\; 
s. 4} M 

+V'g Vat GND 

Figure 2-2: Temperature Sensor 
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2.2.3.2 HIH-4000 Humidity Sensor 

The HIH-4000 Series Humidity Sensors are design specifically for high volume 

OEM (Original Equipment Manufacturer) users. Direct input to a controller or other 

devices made possible by this sensor's linear voltage output. With a typical current 

draw of only 200 µA, the HIH-4000 Series is often ideally suited for low drain, battery 

operated systems. Tight sensor interchangeability reduces or eliminatesOEMproduction 

calibration costs. Individual sensor calibration data is available.[5] 

Feature: 

• Molded thermo set plastic housing 

• Linear voltage output vs. %RH 

• Laser trimmed interchangeability 

• Low power design 

• High accuracy 

• Fast response time 

• Stable, low drift performance 

• Chemically resistant 
' 
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Figure 2-5 shows the Humidity Sensor 

Figure 2-3: Humidity Sensor 

2.2.3.3 Oxygen Sensor 

An oxygen sensor is an electronic device that measures the proportion of oxygen 

(O;) in the gas or liquid being analyzed. The original sensing element is made with a 
' 

thimble-shaped zirconia ceramic coated on both the exhaust and reference sides with a 

thin layer of platinum and comes in both heated and unheated forms. 

Scientists use oxygen sensors to measure respiration or production of oxygen 

and use a different approach. Oxygen sensors are used in oxygen analyzers which find a 

lot of use in medical applications such as anesthesia monitors, respirators and oxygen 

concentrators. 

26 



There are many different ways of measuring oxygen and these include 

technologies such as zirconia, electrochemical (also known as Galvanic), infrared, 
ultrasonic and very recently laser. E :h thod · ac met o has its own advantages and 
disadvantages. [ 6] 

2.3 Software Theoretical Background 

We'll clarify the main concepts and methodologies of the software tools and 

protocols employed to perform the communication, interfacing and accessing aspects of 

the system. 

2.3.1 The Microchip TCP/IP Stack 

Is a suite of programs that provides services to standard TCP/IP-based 

applications (HTTP Server, Mail Client, etc.), or can be used in a custom TCP/IP-based 

application. 

N 

The Microchip TCP/IP Stack is implemented in a modular fashion, with all of its 

services creating highly abstracted layers. Potential users do not need to know 

All the intricacies of the TCP/IP specifications to use it. 
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2.3.1.1 Stack Architecture 

Many TCP/IP implementations follow a software architecture referred to as the 

·TCP/IP Reference model". Software based on this model is divided into multiple 
Layers, where layers are stacked on top of each other (thus the name "TCP/IP Stack") 

and each layer accesses services from one or more layers directly below it. A simple 

version of the TCP /IP Stack model is shown in Figure 2-4 . 

.. 
Per specifications, many of the TCP/IP layers are "live", in the sense that they 

do not only act when a service is requested but also when events like time-out or new 

packet arrival occurs. A system with plenty of data memory and program memory can 

easily incorporate these requirements.[3] 

Application 

d 
y 

Transport 

,{Ir 
Y 

lntemet 

L, 
¥ 

Host-to-Network 

F. 2.4: layers of the TCP/IP reference model [3] 1gure .. 
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2.3.1.2 Stack Layers 

Like the TCP/IP reference model, the Microchip TCP/IP Stack divides the 

TCP/IP Stack into multiple layers (Figure 2.5). The code implementing each layer 

resides in a separate source file, while the services and APis (Application Programming 

Interfaces) are defined through header/include files. 

Unlike the TCP/IP reference model, many of the layers in the Microchip TCP/IP 

Stack directly access one or more layers which are not directly below it. A decision as 

to when a layer would bypass its adjacent module for the services it needs, was made 

primarily on the amount of overhead and whether a given service needs intelligent 

processing before it can be passed to the next layer or not. 

An additional major departure from traditional TCP/IP Stack implementation is 

the addition of two new modules: "Stack Task" and "ARP Task". Stack Task manages 

the operations of the stack and all of its modules, while ARP Task manages the services 

of the Address Resolution Protocol (ARP) layer. [3] 
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TCP/IP Reference Mode-I 
Microchip Stack Implementation 

Appg/ication 

Transport 

Internet 

Stack Task 

ICVP 

ARP Task 

ARP 

M±C ior SLIP} 

Figure 2.5: Comparing the microchip TCP/IP stack structure to the TCP/IP 

reference model [3] 
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CHAPTER THREE 

Project Conceptual Design 

3.1 Detailed Project Objectives 

3.2 Hardware Options 

3.3 General Block Diagram 

31 



Chapter Three 

Project Conceptual Design 

This chapter describes project objectives, design opti d stifi the th J' J' ions an justi;es tliose that 

are chosen in the project, a general block diagram, and how the system works. 

3.1 Detailed Project Objectives 

1. Design and implement a biological incubator with the sensing circuits (Temperature, 

humidity, Oxygen .and the control circuits (Fan, Heater, Buzzer and Humidifier). 

2. Simplify human daily activities by controlling some of them remotely. And to create 

a reliable and sensitive system. 

3. The ability to program the Pie web development board and accessing its components 

and peripherals. 

4. Design a web page to enable the user to monitor and control, the incubato_r 

parameters using web browser from any client machine that has an internet connection. 

5. To provide a suitable alarm to the incubator administrator when certain 

malfunctionalities come up, and so to perform the proper procedures. 
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3.2 Hardware Design Options 

In this system there are many designing options, we are checking these option to 

find which one is more reliable, available, and cheaper than other than others. 

Option 1: Using GPRS 

Connect the incubator with its sensor system to the network by mobile phone by 

using GPRS technology. GPRS (General Packet Radio Service) is a method of 

enhancing 2G phones to enable them to send and receive data more rapidly. 

With a GPRS connection, the phone is "always on" and can transfer data 

immediately. GPRS is now available on most new phones. But this method will need 

programming the mobile that look acceptable for monitoring but very hard for 

controlling the parameter in the incubator system. 

Option 2: Using Bluetooth 

Use the Bluetooth techniques to reach the incubator parameter. Bluetooth is a 

W. 1 ' ati protocol which uses radio waves to communicate on short 1reless communication 

distances. 
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For the latter characteristic thi · t h · · , ts Is not the needed techniques the project attempt 
to reach the incubator system over the way by the internet. 

Option 3: Using an Ethernet Microcontroller 

Use the Ethernet microcontroller this technique will assign the incubator system 

an IP address and so we can reach from any where, then the monitoring will be easy and 

then the programming of the controlling process will be achieved. 

3.2.1 Ethernet Microcontroller Options 

There was a list of candidate commercial Ethernet Microcontrollers in the 

market. Here, a description of each one is discussed briefly. 

Optionl: use PIC SAM9L9260 Ethernet microcontroller 

Figure 3-1: PIC SAM9L9260 Ethernet microcontroller 

• 1 st development platform with ARM9microcontroller, SAM9-L9260 is a tow co 
MB NANO Flash The board has Ethernet 1 00Mbit controller, 

64MB SDRAM and 512 · 
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USB host, USB device, RS232 and a 40 pin extension port with all unused SAM9260 
ports available for add-on boards. 

SAM9-L9260 has vast amounts of Flash and RAM and runs Linux, Windows 
CE and other RTOS natively. There is an on-board RTC clock with 3V Li battery 

backup. 

At first semester we studied all of the features of that board, and make a general 

image about the system based on it .But we faced a critical problem; that it was not 

available in the local market and also it was impossible to purchase it from other 

countries. [2] 

1-Option2: Use the Pie Web Server with PIC1&F452 and ENC28J60 

Figure 3-2 PIC web server with PIC18f452 and enc28j6 

· ct b ard which is supported by Microchip' s open source PIC-WEB IS compa o 

Th b d · designed with PIC18F452 microcontroller and 
TCP-IP stack AN833. 1e oar IS 
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ENC28J60 Ethernet controller and support: SLIP, ARP, IP, ICMP, TCP, UDP, HTTP, 
DHCP, and FTP. 

The Microchip stack is written very modular and flexible and you can enable or 

disable modules and supports dynamic web pages which give you the possibility to 

control all PIC resources remotely via FTP, HTTP, UDP, TCP etc. 

With this board you can implement web and server, send e-mails and almost 

everything what a big server can do. The on board lMbit serial flash is available for 

data storages. And so for this features we decided to use it. [7] 

The Module Features Are: 

• PIC18F452 microcontroller 

■ ENC28.J60 10 M bit Ethernet controller 
■ RJ45 connector with build in Ethernet transformer and two status LEDs 

• RS232 connector and interface 

• ICSP for programming and debugging 
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3.3 General Block Diagram 

The following diagrams define the general block diagram of the system: 

Temprature 
sensor 

I 
humidity 

{ sensor 

oxygen 
sensor 

ethernet 
NE TW ORK m icroc ontr oller 

humidifier 

heater 

fan 

Figure 3-3: Incubator system general block diagram 
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The following is detailed block diagram 

£5 
Workstations 

Worlcslation 

g 
PC2 

temprntru:e sensor 

4f, ,;,;!fl' 
·;,',· ------• l/ 
,· Ethern•t microcontr~ 

fan / , 

#Sa 

Laptop 

humidity sensor 

r heater 

humidifier 

Figure 3-4: Detailed Block Diagram 
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3.4 How does System Work? 

An incubator system consists of the incubat b d . . or 0dy, sensor circuit (temperature 
sensor, humidity sensor, oxygen sensor) and th e control circuit (heater fan and 

' ' humidifier) and the microcontroller. 

The software of an incubator is the programs that to control operate and 
' ' 

perform the incubator functionalities. In addition, the software encompasses the 

protocols that are required to connect the incubator with other stations in the network. 

The sensor of the temperature and humidity will test the air temperature and 

humidity respectably, and this reading will be available to the incubator operator 

through the web pages of the pie web server development board. When this reading 

above or under setting point with specific range provide a suitable alarm to the 

incubator administrator that certain malfunctionalities come up, and so to perform the 

proper procedures. 

The first interface that will be shown when connect to the incubator page, is the 

password page, the user login as a guest when enter wrong password, when the guest 

login he can monitor the parameter of the incubator, and login as administrator when 

enter correct password where he has the right to control the incubator parameters. 
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CHAPTER FOUR 

Detailed Technical Project Design 

4.1 Detailed description of the project phases 

4.2 Subsystem Detailed Design 

4.3 Over all system design 

4.2 User-System Interface 
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Chapter Four 

Detailed Technical Project Design 

This chapter contains detailed description of the project phases, subsystems 

design, overall system design and user system interf: ace. 

4.1 Detailed description of the project phases 

Phase 1: 

In this phase the PIC web development board was programmed to read the 

output of the sensing circuits and depending on this read turning on/off the heater, the 

humidifier. 

Phase 2: 

For data to be spread after being read from the sensing circuits, the pie web 

development board was connected to a network via hub and switch, so every PC in this 

network is able to read this data. 

Phase 3: 

T "d . bl larm to the incubator administrator when certain o provide a suital te a 
alfu 

. _c. rm the proper procedures. m inctionalities come up, and so to per1O 
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4.2 Subsystem Detailed Design 

4.2.1 PIC WEB (PIC18F452) 

PIC WEB board use PIC18F452 which contains 8 channels (ANO-AN7) 10-bit 
Analog-to-Digital Converter and five Controllers (PORTA, PORTB, PORTC, PORTD, 

and PORTE). Each sensing circuit and other circuit (heater, fan, and humidifier) were 

connected to these pins as follow: 

TO Temp. sensor 

RC7 RC6 
RD4 RC5 
RD5 RC4 
RD6 RD3 
RD7 RDQ-I4- 
VSS RD1 ~----- 
\/DD RD(-1p 
RB0 RC3 
RB1 RC2/CCP1 
RB? pTC18F452 8C! 
RB3 NC 
NC NC 
NC RC0 
RB4 OSC2 
RB5 OSC1 
RB6 VSS 
RB7 VDD 
WMCLR RE2 
RAO RE1 
RAt REO TO Humidity sensor 
RA2 RAS/AN4 --67 

----==, RA3/AN3 RA4 

Figure 4-1: I/O pins of PIC WEB. 

TO Heater 

TO Fan 

To Buzzer 

tur ensor circuit the output was directly connected to pin 1. For LM35 tempera e s 

RA3 in PIC WEB. 
. . : it the output was directly connected to pin RA5 in PIC 2. For humidity sensor circu1 

WEB. 
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r. For fan circuit we took the out t fr . . pu om resister 20k ohm and connected it to pin 
RDI in PIC WEB. 

For heater circuit we took the ou . · tput from resister 15k ohm and connected it to 
pin RD2 in PIC WEB. 

° For buzzer circuit we took the tp fr .· out ut om resister 20k ohm and connected it to 
pin RDO in PIC WEB. 

< 

4.2.2 Sensing Circuits 

Sensing circuits are designed to realize the > environment parameters; these 
parameters are measured in order to be analyzed by the Ethernet microcontroller. 

4.2.2.1 Temperature Sensor Circuit 

The reason for choosing the LM35 temperature sensor stems from the following 

features of this sensor: 

1- The change in voltage value is linear to heat. So it's easy to guarantee that the read 

values at various temperatures will be reasonable by knowing the voltage to heat ratio. 

2- Low cost and availability. 

Figure 4-2 shows the schematic circuit of temperature sensing, the LM 35 

temperature sensor is configured to work on 5 volts power supply, this sensor is directly 

connected to the pie web development board ND extension pin, the value of the 

measured temperature is converted internally to digital value. 
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+5v 

IM35 
Vout to PIC WEP 

==0 

Figure4-2: Temperature sensor circuit 

4.2.2.2 Humidity Sensor HIH-4000 

We chose the humidity sensor HIH-4000 because it was designed for sensitive 

applications and it is available in the market. 

Figure 4-3 shows the schematic circuit of humidity sensing, the humidity sensor is 

configured to work on 5 volts power supply, this sensor is directly connected to pie web 

development board AID extension pin, the value of the measured humidity is converted 

internally to digital value. 

HIH-4OOO 

o 
+5V 

Figure 4-3: Humidity sensor circuit. 
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4,2.2.3 Oxygen Sensor 

Not included in the project. 

4,2.3 Heater circuit 

In order to control the operation of incubator, heater circuit that shown in figure 

4-4was designed. This circuit consists of a normally open relay, and 2N2219 transistor 

work as a switch , when the pin of the pie gives a 5 volt, the transistor turn to the 

saturation mode (close switch) , this closing for the switch connect the ground to the 

circuit ,then the voltage reach to the relay ,so the normally open relay close which close 

the circuit , so the 220V reach the heater circuit cause it to operate. 

+12v 

15k 

220v 

Heater 

RELAY 

To PIC WEP 2N2219 

Figure 4-4: Heater circuit. 
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4.2.4 Fan circuit 

In order to control the operation of incubator, fan circuit that shown in figure 4-5 
was designed. This circuit consists of a nonnally open relay, and 2N22 l 9 transistor 

work as a switch, when the pin of the pie gives a 5 volt, the transistor tum to the 

saturation mode (close switch) , this closing for the switch connect the ground to the 

circuit ,then the voltage reach to the relay ,so the nonnally open relay close which close 

the circuit so the 12V reach the fan circuit cause it to operate. 

+12y 

Fan 

20K 
To PIC WEP 

RELAY 

2N2219 

Figure 4-5: Fan circuit. 
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4,2.5 Buzzer circuit 

In order to control the operation of buzzer circuit that shown in figure 4-6 was 

designed This circuit consists of 2N2219 transistor, the transistor work as a switch, 
when the pin of the pie gives a 5 volt, the transistor tum to the saturation mode (do.se 

switch), this closing for the switch connect the ground to the circuit, then the voltage 
reach the circuit ,so the 12V reach the buzzer circuit cause it to operate. 

+12V 

20k 
To PIC WEP 

Figure 4-6: Buzzer circuit. 
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£,t' Overall system design 

Figure ( 4- 7) shows how the hardware components are connected to each other. 

+12v 220v 

Heater 
RC6 
RC5 
RC4 15k RELAY RD3 +12y RD2 2N2219 

11 RD1 38 RD0 
RC3 

RB1 RC2/CCP1 - Fan· RB2 RC1 
RB3 PIC18F452 NC 
NC NC 
NC RC0 RELAY 
RB4 OSC2 20K 
RB5 OSC1 +12v 
RB6 vss 2N2219 
RB7 VDD 
WMCLR RE2 +5v RAO RE1 - RA1 RED 

BUZZER RA2 RA5/AN4 
RA3/AN3 RA4 

20k 
=0 

2N2219 

i] T a 
-Ve H 
r 
I 

0UT ,5 
0 
0 

+5v +Ve o 

. f the hardware components. Figure 4-7; Schematic 0 
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4.4 User System Interface 

System interface is the screen which the user can interact with, and so 
communicate with the system friendly. 

The following screen shots describe how our system is to be used. 

~http://197.168.1.1:>1/-Microsoftlnternellxplorer . - .- -- ~-- -- ~ ------~~~ 

~ Edit View Favorites Tools Help 

~ Back • @) • ~ ~ :ai .P Search * Favorites ~ 19 • -~ rn •S 
AJdr=< ~ http:l/192,168.1.151/ 

r 
• Elco uks 

- - a 
S:nnalw: abu nuld 
Suhair Sabarnah 
Mirvat Al qawasma 

Login es Guest [ 

ellcome to or graduation project 

Tater Admin.password: [· ][Submit_] 

!) Internet 

Figure 4-8: Main Login Page 

) from this page the user can Figure 4-8 shows the first interface (welcome page, 

login as a guest as shown in figure 4-9. 



Eilt.AhiihfiYWiHYMi:11-i.P.hi1hl41:i41%Hi4 
To View Favorites Tools llelp 

©r" » ls] [a] J-sere 3"+avotas 3-. 
Add«,ss :I'.) httPt//192, 168, I, 151/ouest,co [Else use 

r Guest 
page 

Guest 

Status 
Temperature: 28.8 
Temperature Threshold: 29 
Relative Humidity (RH): 50.2 
RH Threshold. 20 
Heater. 0 
Humidifier: 0 
Burrer: 

4i] Done 

Figure 4-9: Guest interface page 

, ~ Internet 

If the user entered correct password in the main login page the user can login as 

administrator as shown in figure 4-10, when the administrator login he can monitor and 

control the parameters of the incubator. 
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4.P@d@Q .. 30 

() Back • ,) ~ ~ ..(;:i )~ Seerch * Fevorltes ./Ql v7 8 - [g.-g 
Add•"'' .._, http:l/19:1!.168.1.151/adnin.cgl - be:] ~ 

gs.2al 
ar 

Elo w 

Adminlstnito. 
page 

Adin 

Change .Admin. password: L= ] 
Ch:u&&e Temp. Tlu-esbolcl: -~===,;-) 
Chan,..o-e RH Tlu-eshold: ~------.J 

[ L.ogoff Admin. I 

Microsoft internet ttorer [] 
~ Temper-/liunidty Is out of ~II 

OK 

Action.<: 
Tum Hamer ON 

Tum Humidifier ON 

Tum Buzzer OFF 

S tats 

.\noone 

Figure 4-10: Administrator interface page 

~ Internet 

When sensor reading is unacceptable, alert message appear on the client , and 

the administrator should do suitable actions to correct this situation. 
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Help page shown in figure 4-12. 

eras Eh(ipK 

READ THE TEXT BELOW TO FIND THE HELP 

Administrator screen: 

Give ability to monitor and control Incubator parameters. 

guest screen: 

Give ability to monitor Incubator parameters. 

System alarm failure screen: 

Give alert message when the sensor reading is unacceptable . 

BACK 

Figure 4-12: Help page. 
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CHAPTER FIVE 

System software Design 

5.1 Communicating with pie web development board 

5.2 Software Tools 

5.3 Software Implementation 

5.4 flow charts 
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Chapter Five 

Software System Design 

This chapter includes implementing the system from the programming 

point of view. Software Implementation depends on many components. 

5.1 Communication with Pie web development board 

Microchip stack is written on modular and flexible basis and you can enable or 

disable modules. The stack also supports dynamic web pages which give you the 

possibility to control all PIC resources remotely viaFTP, HTTP, UDP, TCP etc. 

There are two different http servers available in the stack HTTP and HTTP 2. 

Depending on the version used, the dynamic interaction between the stack and the web 

page displayed is handled in a different way. 
' 

In this project since we use pic_web the HTTP server is used. 
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5.1.1 The Microchip HTTP Server 

The HTTP Server provided here does not implement all HTTP functionality; it 

is a minimal server targeted for embedded system. The ·il add . ie user can easily a new 
functionality as required. 

The HTTP Server incorporates these main features: 

• Contains a simple file system (MPFS) 

• Supports Web pages located in either internal program memory or external serial 

EEPROM 

• Includes a PC-based program to create MPFSmages from a given directory 

• Supports the HTTP method "GET". 

• Supports a modified Common Gateway Interface (CGI) to invoke predefined functions 

from within the remote browser 

• Supports dynamic web page content generation.[3] 
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5.2 Software Tools 

The flowing components from the softw . f . are point o view are used: 

1. Windows XP SP2 
To acts as client. 

2. MPLAB Integrated Development Environment 

MPLAB IDE is free software distributed by Microchip that includes a toolset for 

development of PIC microcontroller applications for windows OS. It basically 

integrates transparently other modules like C18 or PICC-18 compilers that strengthen 

the functionality of MPLAB and let us program in C language. 

3. MPLAB C18 Compiler 

MPLAB C18 is a C compiler intended for the PIC18 family from Microchip. In 

our case is the needed compiler because the PIC-WEB platform uses the PIC18F452. 

This software converts c code into PI Cl 8 machine code and link them together in to a 

.HEX file with the proper memory mapping for the microcontroller just ready to be 

programmed on it. 
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4. Microchip AN833 TCP/IP Stack 

The Stack is an application developed . . . · ope by Microchip for been used in its PIC18 
family and mtended for both Microchip C 18 d . an Hi-Tech PICC-18 compilers. 

5. IC-Prog 

A software compatible with JDM programmer. 

6. Terminal pro gram 

We use HyperTerminal program because it is included on almost all windows 

machine. We configured it at 19200 bps, 8NA1and no flow control. 

5.3 Software implementation 

The software is made in the system for the following objectives: 

1. Reading sensor values. 
' 2. To provide a suitable alarm when certain malfunctionalities come up and so 

the administrator can perform the proper procedures and actions. 

4. Secure system: using this system requires a specific password for authorization. 
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5.3.1 Reading Sensor Values. 

5.3.1.1 Process IO Function: 

Reads the various sensors connected to the PIC-WEB. store the results 
5 

in a series of variables that are referenced By HTTPGetV ar and wait 5 seconds 

before next sample. This routine is called periodically by main (). 

ADCONO =b10011001; 

ADCResult.v [0] = 100; 

While (ADCResult.v [0]); 

ADCON0bits.GO = 1; 

While (ADCON0bits.GO); 

ADCResult.v [0] = ADRESL; 

ADCResult.v [1] = ADRESH; 

lm35 = ADCResult.Val; 

lm35 = (lm35 * 4.88)/10; 
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5.3.1.2 HTTPGetVar Function: 

This is a callback function from HTTP Server ·» G5¢ 6% Wh · mamnapplication ienever a 

variable substitution is required on any html pages, HTTP Server calls this function 8 
bit variable identifier, variable reference, which indicates whether this is a first call 

not. Application should return one character at a time as a variable value. 

Since this function only allows one character to be returned at a time as part of 

variable value, HTTP Server() calls this function multiple times until main application 

indicates that there is no more value left for this variable. On beginning, HTTPGetV ar 

() is called with ref= HTTP_ START_OF VAR to indicate that this is a first call. 

Application should use this reference to start the variable value extraction and 

return updated reference. If there is no more values left for this variable application 

should send HTTP_END_OF_ VAR. If there are any bytes to send, application should 

Return other than HTTP_ START_OF VAR and HTTP_ END_ OF_ VAR reference. [3] 

The following code shows this function: 

WORD HTTPGetVar (BYTE var, WORD ref, BYTE* Val) { 

Static BYTE VarString [25]; 

Switch (var) { 

// LM35 

Case VAR_ANAIN_AN3: 
Val = AN3String [(BYTE) ref]; 
if (AN3 String[(BYTE)ref]=> '\O') 
Return HTTP_END_OF_VAR; 

r]== "\O') Else if(AN3String [(BYTE)++ret] 

59 

b 



Return HTTP__END_OF_VAR; 

Return 
// Password 

Case VAR_PASSWORD: 

Val = ADMIN_PASSWORD [(BYTE) ref]; 
if (ADMIN_PASSWORD[(BYTE)ref]= '\O') 
Return HTTP_END_OF_VAR; 

Else if (ADMIN_PASSWORD [(BYTE) ++ref]= '\O') 
Return HTTP END OF VAR· 
» ] 

Return ref; 

5.3.2 Perform Appropriate Actions. 

5.3.2.1 HTTPExecCmd Function: 

This function is a "callback" from HTTP Server task. Whenever a remote node 

performs interactive task on page that was served, HTTPServer calls this functions with 

action arguments info. Main application should interpret these arguments and act 

accordingly [3]. See the following 

Void HTTPExecCmd (BYTE** argv, BYTE argc) { 

BYTE command; 

BYTE var; 

Int i =0; 
Command= argv [O][O] - '0'; 

Switch (command) { 

Case CGI_ CMD_DIGOUT: 
// Convert string to integer value 
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Var= argv [l][O] _ '0'; 

Switch (var) { 

Case CMD_FAN: 

II Toggle FAN Relay 

FAN_RELAY_IO = 1; 
Break; 

5.3.3 System Failure Alarm 

The system failure alarm indicates that a critical fault condition has occurred. The 

air temperature may go above or under setting point with specific range. This may be 

caused by the following conditions 

1- The incubator is direct sunlight. 

2- The hood door has been left open. 

3- A number of portholes have been left open. 

4-The air temperature sensor is malfunctioning and the incubator is getting 

erroneous readings from this sensor. 

The alarm mode 

. d s condition, in this mode the air temperature Which indicate a possibly langerou 
:. dibl alarm will sound at the server. 

message will appear on the client and the au 1 e 

61 

►



5.4 System Flowcharts 

5,4.1 Temperature Subroutine 

The following subroutine is the temperature subroutine . This subroutine is 
programmed in order to control the heating system in the incubator. 

Start 

Configure analog-to-digital 

Read AID 

No Yes 

Heater off 

End 

Heater on 

Subroutine Flow Chart Figure 5-1 Temperature 
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5.4.2 Humidity Subroutine 

The following subroutine is the humidity subroutine . This subroutine is 

programmed in order to control the humidity system in the incubator. 

start 

Configure analog-to-digital 

Read A/D 

No 

Humidifier off 

End 

Yes 

Humidifier on 

· Flow Chart idity Subroutine Figure 5-2 Humid: 
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5,4.3 Alarm Flow chart 

Buzzer flowchart is shown in the following. 

Start 

Reading sensors 
values 

No Yes 

Buzzer off Buzzer on 

Administrator do 
proper action 

End 

Figure 5-3 Alarm Flow chart 
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5,4.4 Login flow chart (check password) 

password flowchart is shown in the following. 

Start 

Open main login 
page 

Administrator login Guest login 

Enter 
password 

No Yes 

Open guest page 

Monitor the 
parameters 

Open administrator 
page 

End 

Monitor and control the 
parameters 

Figure 5-4 password flow chart 
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5.4.5 Main Entry Point Flow chart 

At the begging initialize any application specific hard[_,, 
1ic iarlware then Initialize all 

stack related components. Which includes Initialize Mic chit G] 
1croc p 1 e system module, 

Read stack and application related NV variables from EEPROM into App Config, 
Initialize core stack layers (MAC, ARP, TCP, UDP) and Initialize HTTP server. 

Once all items are initialized, go into infinite loop and let stack items execute 

their tasks. This program uses aco -operative mult-tasking mechanism where every task 

performs its tasks (whether all in one shot or part of it on each loop iteration) and 

returns so that other tasks can do their job. If a task needs very long time to do its job, it 

must be broken down into smaller pieces so that other tasks can have CPU time. 

Then stack manager performs normal stack task including checking for 

incoming packet, type of packet and calling appropriate stack entity to process it. Then 

let HTTP application perform its task (listen to TCP port 80 with one or more sockets 

) F. al.I O I/0 PIC-WEB tasks performed. and responds to remote requests . 1n .y ur 
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The flowing flow charts show thi s. 

( Start 

Perform application specific 
initialization 

Initialize stack component 

~ 
g 

., 

Let stack manager perform it task 

iy 

Do application specific task 

Y 

( End 

Figure 5-5 Main Entry Point Flow chart 
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Start 

Tick Init 

MPFS lnit 

lnitAppConfig 

Stacklnit 

Yes 

lnit HTTP 

YES 

Init FTP 

YES 

No 
DHCP Disable 

End 

Figure 5-6 Initialize Stack Component 

68 



5,4.5 Stack Task Flow Chart 

The exact steps used by Stack Task are shown in the following flow chart 

start 

No Yes 

Get data packet protocol 
type 

No Yes 

Packet type IS ARP Fetch IP header of packet 

Call ARP module Get IP packet type 

No Yes 

No Yes 
Call ICMP module 

No Yes Call TCP module 

Handle not support 
protocol 

Call UDP module 

End 

Figure5-7 Stack Task Flow Chart 
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CHAPTER SIX 

System Implementation and Testing 

6.1 Testing the PIC WEB 

6.2 Testing the Web Page 

6.3 Testing the Extensions Pins 
' 6.4 Testing sensing and control circuit. 
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Chapter Six 

System Implementation and Testing 

This chapter demonstrates the methods and procedures used to test and 

examine the system operation and behavior. System testing is an important and crucial 

step in implementing a system. It senses the effectiveness of that system just before 
introducing it to its users. 

This system has more than one issue to be tested. Some testing parts reflect a 

software, hardware or networked case. Also, testing procedures concentrate on a single 

device independent from the over whole system. 

After finishing the design of the system and drawing the system schematic, the 

next step was to test each part individually, and then implement the system. 

Here are the testing issues. They are not ordered in any manner; rather they 

represent some way of system integrity and operation: 
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6.1 Testing the PIC WEB 

Testing the PIC WEB involves doing more than one step. In order to test it, there 

must be a simple installed network; this is accomplished by connecting the PIC WEB 

with a simple client (PC) that has an Internet Browser (i.e. Internet Explorer, or 

Netscape navigator). Testing the PIC WEB is done by simply asserting one of the 
following conditions: 

• Structuring a cross over cable between a PC and the PIC WEB 

• Connecting the PIC WEB to one of a Hub ports 

After connecting the cable between the PIC WEB and the PC, power on the PIC 

WEB to complete the network, some testing commands are done: 

1. Testing the TCP/IP Protocol 

Thi t · fi ed at the client side PC because the PIC WEB already s test is cont.gur 

supports the TCP and UDP Protocols. The test is done simply by writing the following 

command on the Command Line Shell: 

Ping 192.168.1.152 

. . s of the installed TCP/IP protocol: The following reply indicates the succes 

Pigg 192.168.1.152 w 32 byts 'f,, rr-izs 
Reply om 192.168.1.1$2:bytes;; "is iii-jzs 
Reply from 192.168.1.152: by'5, {e <1ms TTL=128 
Reply from 192.168.1.152: bytes- 1 
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Reply from 192.168.1.152: bytes=32 time<lms TTL=128 

Ping statistics for 192.168.1.152: 
Packets: Sent = 4, Received = 4, Lost =0 (0% loss), 
Approximate round trip times in milli-seconds: 
Minimum = Oms, Maximum = Oms, Average = Oms 

2. Testing PIC WEB Reach ability 

The PIC WEB when connected to a network is configured as a DHCP client. 

Detection packets are sent when sharing a network to have an IP Address from a DHCP 

server. When no server satisfies that, the 192.168.1.151 IP address is assigned to the 

PIC WEB. 

Testing the PIC WEB assumes no DHCP server is found. So, the following 

command well tests the PIC WEB: 

Ping 192.168.1.151 

The following reply indicates the success of PIC WEB accessibility: 

Pinging 192.168.1.151 with 32 bytes of data: _ 
Reply from 192.168.1.151: bytes=32 time=1ms TTL=128 
Reply from 192.168.1.151: bytes=32 time=1ms TTL=128 
Reply from 192.168.1.151: bytes=32 t1me=lms TTL-128 

Ping statistics for 192.168.1.151: · 
0 Packets: Sent= 4 Received = 4, Lost = 0(01/o loss), 

Approximate round trip times in milli-seconds: 
Minimum = lms Maximum = 1 ms, Average= 1 ms 

' 
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6.2 Testing the Web Page 

I-Convert the files to Microchip File System (MPFS) 

The implemented HTTP server uses the MPFS ·+- ·lified fil simple ile system to store the 
pages on the microcontroller. Then it is necessary to transform the html files to that file 

system before upload them. This is done using a program included in PIC-WEB 
Software called MPFS.exe. 

MPFS.exe <Web_page_directory> <Output_ file.bin> 

2-Uploading the page 

There are two ways to upload the page to the board EEPROM. The first one is 

using the console, is faster but need direct, access to the PIC-WEB. The second is using 

the FTP Server that the TCP/IP Stack. During the implementing of the project we use 

the two way. 

3-Check result 

After uploading the page, the PIC-WEB board has web page on it. To access the 
web page, the server must be accessible from the computer. In this project we have set 

IP address of the board to 192.168.1.151. Then we get the page with any web browser 

writing the IP address of the board on the address bar as shown in the following 

Figure 6-1. 
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l=ie Edit View Favorites Tools Help 

!Jcad: 

¢ 
n 

Welcome to our graduation 
project 

Samahir abu turki 
Suhair Sabarnah 
Mirvat Al qawasma 

Enter Admin. password: l ....... f 11 Submit I 

Figure 6-1 Welcome Web Page 

6.3 Testing the Extensions Pins 

The testing is implemented by connecting a led to one of the digital out pins 

available, in serial to a resistor and to ground, the Pin A2 corresponding to EXT I Pin 

is chosen. We add a button to changes the state of this pin. Also the actual state of that 

led will be displayed in the results using a simple java script code. 

We add the following code in the main .c 
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#define VAR_ EXTI (0x05) 

J/ Under HTTPExecCmd callback funct; ct1on 
case VAR_EXTI 

PORTAbits.RA2= 1; 
break; 

//under HTTPGetV ar 

case VAR EXTI: 

*val= PORTAbits.RA2? '1 ':'0'· 
' 

break; 

//under Initialize Board function callback function 

TRISAbits.TRISA2 = 0; 

PORTAbits.RA2 =O;// Initial state is off 

We add the following under the Html 

//Test led form 

<tr> 

<td><input type=submit name=5 value="Toggle TEST led"></td> 

</tr> 

I(Test led state result 
<tr> 
<td><font face="Arial" size="2"> Test Led: </font></td> 

<td> 

<SCRIPT LANGUAGE="JavaScript"> 
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%05==1) document. write ("On".fontsize(2),f .tontcolor("green")); 
else document. write(" Off".fontsize(2).fontcolor("red")); 
</SCRIPT> 
<ltd> 

</tr> 

When we toggle the test led button we get the led on and th t · lt · a appear 1n resu s m 
words. 

6.4 Testing sensing and control circuit. 

6.4.1 Testing temperature sensor circuit 

After connecting the LM5 sensor, the circuit was connected to the power 

supply and tested the output voltage of the circuit as shown in figure 6-2. 

:6-2Temperature sensor circuit. Figure  
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The voltages obtained from LM35 passed to the Analog-to-Digital (AID) port in the 

pIC WEB. PIC WEB reading's values were calculated depending on the following rules: 

• The analog-to-digital (AID) converter that allows conversion of an analog input 
signal to a corresponding IO-bit digital number. 

• 10-bit digital number can be read as float number (N). 

Vref+=5V 

Temp.=(Vref+/1024)N 100 

Temp=0.48 *N 
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6.4.2 Testing humidity sensor 

Figure 6-3 shows the humidity sensor circuit that tested independently, and this 

circuit requires 5V power supply . The output from the humidity sensor goes to the PIC 
WEB. 

MS8217 

• riA 

a 
·c 

i 

6-3Humidity sensor circuit Figure 
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6.4.3 Testing heater circuit 

The circuit that controls turning on/off the heater was build and tested as shown 

in figure 6-4 .The heater requires 220VAC power supply, this circuit operates as 
follows: 

6 4 Heater circuit Figure - 
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4 5 Testing fan circuit 6.·. 

The circuit that controls turning on/off the fan was build and tested as shown in 
figure 6-5.The fan requires 12V power supply, this circuit operates as follows: 

Figure 6-5 Fan circuit 
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4 6 Testing Buzzer circuit 6-% 

The circuit shown in figure 6-6 is a buzzer circuit that tested independently, this 
circuit requires from 5V to 12V power supply. 

. 6 6 Buzzer Circuit Figure  
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CHAPTER SEVEN 

Problems, Conclusions, and Future 

Work 

7.1 Conclusions 

7.2 Problems 

7.3 Future work 
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Chapter Seven 

Conclusions, Problems and Future Work 

This chapter presents some conclusions that result d fr . 1 . e om imp ementmg 
and testing the project, also we will list the problems faced us » ·lishit th m accomp 1s mg t e 
system and a future work are also proposed. 

7.1 Conclusions 

In this project, we have navigated through many experiences that we have never 

gone through before; we have learned different approaches and experiences especially 

the way of thinking and how to develop an approach to solve problems. 

Many conclusions can be stated here, but only significant and important ones are 

described here: 

• By the end of this project, we have finished designing and 

'. 51¢ 1ti biological incubator that can be accessed remotely imp emen mg a ' 
• : 3b d 1 ment board this system enables the user to using a Pic wet tevelop > 

and monitor conditions within the incubator and to enable manage 
immediate response to unusual circumstances. 

. . th stem is PIC web development board % The main device in 1e Sy 
· : sed MPLAB IDE. programming it we u 

.for 
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• This project challenged us . as engineers a d . 
the team spent 30-40hours : n it was very demanding as 

. . s a week in the uni . 
project in the last month .W> ±Versity lab working on this 

. e learned a lot d 
learned in our classes to 1 an used every thing we had 

so!ve the problems and . 
to make this system work. come up with solutions 

• This project proved that o1 id ur 1leas are viabl fc ' 
project that rese bl . e or implementation in 

m es a real-hfe probl 
ir 5bj¢ +% 4em .we mostly implemented our 

mam objectives during the semest er. 

• Each device was tested individually in its own circuit by means of 

Hardware and software to study it beh d . iavior anc make sure it works 
properly and can do its expected job. 

• Then the whole system was tested and gave the expected results. 

7.2 Problems 

System completion in regard to its objectivists an implementation dependent 

issue. Problems are natural things. Skipping these problems is a success. No degradation 

affects the system if problems appear. Here are the problems faced the project team 

during the system implementation. 

1. The development board which we decided to use was not available. 

2. Instead of using SAM9-L9260 we decided to use a pie web development board after 

two months of semester's begging, so a lot of time was wasted. 
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5. Damaging in some devices, becaus f , se O; WrOr 
. d . h . g connections o high to the devices unng t e implementation. r voltages, supplied 

4, One only pie web development board • . 
·· 1s available in hand .Sc 5 

system is implemented and tested. · 0 one mcubator on the 

5. The humidity sensor which we decided t . 
. . . o use is low sensitivity, and so we faced a 

problem in the implementation of the humidity · .: 1 circuit. 

6. Instead of use HSl 101 relative humidity s . ensor we use the HIH4000 in the last week 
of the project. 

6. Oxygen sensor is not available because it is very expensive, above $1000. 

7.3 Future Works 

We will be proud if the continuity base on our project is done in order to have more 

and more elaborated work. Here are some suggested projects: 

• Develop the system by central monitoring to control a group of incubator at the 

same time. 

• Interfacing a USB Webcam to the Pie Web-Server and provide a full remote 

monitoring views of the incubator. 
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APPENDIX A:PIC-WEP DEVELOPMENT BOARD Datasheet. 



PIC-WEB development board 
Users Manual 

Rev.A, July 2008 
Copyright(c) 2008, OLIMEX Ltd, All rights reserved 



TRODUCTION: IN! 

PIC-WEB is compact hoard with 65x60 mm size which is supported by 
Microchips open source TCP-IP stack AN833. The board is designed 
with PIC18F452 microcontroller and ENC28J60 Ethernet controller and 
supports: SLIP, ARP, IP, ICMP, TCP, UDP, HTTP, DHCP, FTP. The 
Microchip stack is Written on modular and flexible basis and you can 
enable or disable modules. The stack also supports dynamic web pages 
which give you the possibility to control all PIC resources remotely via 
FTP, HTTP, UDP, TCP etc. With this board you can implement web and 
ftp server, send e-mails and almost everything what a big server can do. 
The on board 1Mbit serial flash is available for data storage • 

BOARD FEATURES: 

PIC18F452 microcontroller, ENC28J60 Ethernet controller 
lMbit on board serial flash for web pages storage B d 

· ·th PIC MCP PIC-MCP-US an ICSP/ICD connector for programming wll ,[{ jc-rcb2-ociii. amming and debugging with PIC-ICD2 ana pro gTaL11IDlIl 
Reset button 
User event button 
Analogue trimmer potentiometer 
Thermistor for temperature monitoring 

RS232 driver and connecto,_,p, stack support as per Microchip's open Complete web server and TCP s 
TCP-IP stack 

source . . k for +5VDC power supply 
Power plug-in jac 3V d filtering capacitors Voltage regulator + 3. an 

Status LED · t to other boards 
Extension header to conne~6x2.55") 
Dimensions 60x65 mm 2.. 

ELECTROSTATIC WARNING: . anti-static packaging. The 

. hi ped in protective -tjals. General practice · d is s P ti poten · kin The PIC-WEB boar . t high electrosta c lied when war g 
board must not be su?Ject ~tive devices should be app : 5th static sens for working Wl 

\ with this board. 

BOARD USE REOUIREMENTS: _ages,ggg;;"g," 
th used progr t PIC-MCP- ' . Depends on eA B cable to connec PC or RS232 cable in 

1.8 meter USP[,r (o isB hos! ' 7j-bugging tools. You or c-1cD2{]" ;», program' ,6rigs, 
case of PIC-M'?~ cable if not for u will also need a LAN ca . 
will need a sen . the board. Yo 
th for configunng rogrammers are 
an st of Olimex p p USB, PIC-ICD2, /Debugger - """cP, P1c-McCP- ' Programmer xarople PIC- tible Hardware: a licable, for e or other compa Tica'voc#T;,, ca PI ·wg/debug@"? program min 

Cables: 



Software: PIC-WEB is tested . 
compiler It with MPLAB IDE 
Properly .if Is possible that 0,, .7,62 + MPLAB C18 C 

Used with 1 e stack · h You will also ,, @\®r versions of M,,''E' not function 
bps, 8NI ee a terminal IDE. 

' and no flow control. program configured at 19 200 

PROCESSOR FEATURES: - 
PIC-WEB board uses microcon 
features: trailer PIC18F452 from Microchip with th 

C vil ese - comp er optimized architecture/ir ,, 
o Source code compatible.'ruction set 

instruction sets WI the PIC16C, PIC17C and PIC18C 
32 Kbytes FLASH, 1536 bytes RAM 
Up to 10 MIPs operation: · and 256 bytes E_EPROM on board 

o DC- 40 MHz osc. /clock input .. 
o 4 MHz- 10 MHz osc./clock input with PLL active 

16-bit wide instructions, 8-bit wide data path 
Prionty levels for interrupts 
8 x 8 Single Cycle Hardware Multiplier 
High current sink/source 25 m.A/25 mA 
Three external interrupt pins 
TimerO module: 8-bit/ 16-bit timer/ counter with 8-bit programmable 
prescaler 
Timerl module: 16-bit timer/counter 
Timer2 module: 8-bit timer/ counter with 8-bit period register (time-base 
for PWM) 
Timer3 module: 16-bit timer/ counter 
Secondary oscillator clock option -Timerl/Timer3 
Two Capture/Compare/PWM (CCP) modules. CCP pins that can be 
configured as: 

o Capture input: capture is 16-bit, max. resolution 6.25 ns 
(TcY/ 16) 

o Compare is 16-bit, max. resolution 100 ns (TcY) 
0 PWM output: PWM resolution is 1- to 10-bit, Max. PWM freq. @: 

8-bit resolution = 156 kHz and 10-bit resolution= 39 kHz 
Master Synchronous Serial Port (MSSP) module, Two modes of 
operation: 

o 3-wire SPIT (supports all 4 SPI modes) 
o I2CT Master and Slave mode 

Addressable USART module: 
o Supports RS-485 and RS-232 

Parallel Save Port (PSP) moOP_,,,1 converter module (A/D) with: 
Compatible 10-bit Analog-to- igi 

o Fast sampling rate SLEEP 
0 Conversion available during 
o DNL = ±l LSb, INL = ±1 LS~ (PLVD) 

1 Lo Voltage Detection . Programmable w Low Voltage Detection 
o Supports interrupt on- OR) 

Programmable prow-out ,';_, #xsH program memory typical 
100 000 erase/wnte cycle ED ta EEPROM memory 
1,660,000 erase/write y"fZ,,,> 4o years 
' /D t EEPROM Re en · trol FLASH/ ,,ste under software "yen aaa osctator star-up 

Self-reprogr% yy Power-up Timer 
Power-on Reset (PO ' 
Timer (OST) 



Watchdog Timer (WDT) with its own On-Chip RC Oscillator for re5,,,, operation 
Programmable code protection 
Power saving SLEEP mode 
Selectable oscillator options including: 

o 4X Phase Lock Loop (of Primary oscillator) 0 
Secondary Oscillator (32 kHz) cloc input 

Single supply 5V In-Circuit Serial Programming» (ICSPrM) via two prs In-Circuit Debug (ICD) via two pins 
Low power, high speed FLASH/EEPROM technology Fully static design 
Wide operating voltage range (2.0V to 5.5V) 
Industrial and Extended temperature ranges 



BLOCK DIAGRAM: 
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OARD LAYOUT: ye 

rs232 
extension 

power 

ethernet 
reset 

trim.pot 

' »/ .· ·r--- / ............. 
· . icsp-debug 

' temp 

POWER SUPPLY CIRCUIT: 

PIC-WEB can take power from two sources: 

PWR_JACK where 9-12 VDC (or 6-9 VAC) is applied by external power 
source. 
EXT-20 pin VIN with the same DC voltage range. 

The board power consumption is: about 130 mA with all peripherals and 
MCU running at full speed. 

RE.SET CIRCUIT: 
PIC-WEB reset circuit is made with R12 (10k) pull-up, R15 (330R) serial 

resistor and RST button. · On the schematic is made provision for external reset through EXT-16 pin. 
Manual reset is possible by the RST button. 

LOCK CIRCUIT: 
. t d to pJClSF452 clock in (OSC1/CLKIN) 

Quartz crystal 1 0 MHz 1s connec e 
and clock out (OSC2/CLKOUT). 



32.768 KHz quartz crystal is 
pins for its internal Reai • ,"®®® o Pc1sr4sa T1oso a±a Tos, 

JQMPER DESCRIPTION: 

There aren't any jumpers. 

INPUT/OUTPUT: 
» 

One User button with name BUTTON - connected to PIC18F452 · 
8 (PORTB.RB0/INT0); pm 

Status green LED with name STAT connected to PIC18F452 pin3 (PORTD.RD5/PSP5). 

Power supply red LED with name PWR- indicates that external powers 
source is applied and board power supply is applied; 

One trimmer AN_TR is connected to PIC18F452 pin 19 (PORTA.RAO/ANO). 

EXTERNAL CONNECTORS DESCRIPTION: 

Pin# Signal Name 

1 RST 

2 +5V 

3 GND 

4 PGD 

5 PGC 

6 PGM 
lull!II 

1 4 5 6 

. ~ 

• RP=III ---- 

gram.ming, . d ta (output from Pon I/0 Program Data. Serial data for pro '"erring the senal a 
3 ed for transl j~ . Input Program Clock. Cloe use e MCU). 
',2iiut tor he MCU). .1csP, input for th 

M Input Program Enable (output from 

Pin# Signal Name ] 

l 



1 NC 

2 TXD 

3 RXD 

4 NC 

5 GND 

6 NC 

7 RTS 

8 CTS 

9 NC 

5 4 

~ 
3 1 r 

TXD Output Transmit Data. This is the asynchronous serial data output (RS232) for the 
shift register on the UART controller. 
RXD Input Receive Data. This is the asynchronous serial data input (RS232) for the 
shift register on the UART controller. 
RTS Pin Request To Send. This is the RST pin on the board which is not connected 
to the PIC18F452 MCU. 
CTS Pin Clear To Send. This is the CTS pin on the board which is not connected to 
the PIC18F452 MCU. 

PWR JACK: 

Pin# Signal Name 

1 Power Input 

2 GND 

The power input should be +9VDC/6VAC. 



TTENT[ON!!!: EXT-18 pin is not 3.3V at sv 
1 

Pin# Signal Name 
Pin ! 

Signal Name I 

RA2/AN2VREF 
2 

RA3/ANS/VREF4 

1 
I 

RA4/TOCKI 
4 

RAS/AN4I#SSILVDIN 

3 
I 

REO/RD#/AN5 
6 

RETA/R#/AN6 
5 

' 
RE2/CS#/AN7 8 RC2/CCPI 

7 
I 

RD0/PSP0 10 RD1/PSP T 
9 

I 

RD2/PSP2 12 RD3/PSP3 
11 

RD4/PSP4 14 RD6/PSP6 
13 

' 

RD7/PSP7 16 RST 
15 

+SV 18 +5VI!! 
17 

20 VIN 19 GND 

1 2 3 4 5 6 7 8 777777 ' ±% \ . ! ., . 
\ ~ . ' 

RD- 8, 

RJ45 
SIDE 

7r 

h; Side Pin# Pin# Signal Name C Ip 

5 I TPOUT+ 

6 2 TPOUT- 

7 3 3.3V 

4 Not Connected (NC) 

LED Color 

Right Yellow 

Signal Name Chip Side 

Not Connected (NC) 

Not Connected (NC) 

TPIN+ 

d 



Left L'_[VOMBi 1ts/s (Half/F 
roUT- Output Differentials ul! duplex) 
roUT+ Output Differential sI:~ output. 
PIN- Input Differential _output. 
PIN+ Input Differential sign:{~al input. input. 

Green 

gECHANICAL DIMENSIONS: 

cs, LO 
tS>N 
(S) '<-f 
CS) CS) 

11 
2.348 

23;2° @ 
PNR_ JACK 

C310 EX 
g PIC-HEB 'S 
~ IUUI.OLIMEX.COM/OEU PIIR 
a: c2e (C) 2007 
i Rev. A B s aw " °ez 

~ ~ (((){DI())} ,. 0 O +,..n1 .. F-"_rs_ IL] n g ·ury o 
C27 C26 ~ Li 0 

o ~ " ,_c~3 0 
%9l .£,· {5 ff; Q 
o o - b-n-tci"' "' a 
o O Q1 ~ (a) cs 0 CZ a. 0 

BUTTON t- ,c: £ 
e.1as] =7E,"o- er ij el O d 
0.000 LAN [§] L2.J _ 0-0 .2 

1

,-_!::::=L___.b~__::_Q:~~ _ _j_ 0.000 

(S) 
(S) 
(S) 
CS) 

"" LO 
ID 
i 

All measures are in Inches. 

AY.AILABLE DEMO SOFTWARE: 

@nd how { b o 
ards on 

You could find information about PIC-WEB board, Microchip TCP/IP stack 
change and configure the softWare in Understanding PIC WEB 

www.oJ.imex.com I dev. 
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N35 . 
Precision Centigrade Temperature S ensors 
General Description 

LM35 series are precision integrated-circuit temperature 
The rs whose output voltage is linearly proportional to the 
sens0I , 

I ·us (Centigrade) temperature. The LM35 thus has an ces1 . t t 
d ntage over linear empera ure sensors calibrated in ava . t . d , Kelvin, as the user Is no require _to subtract a large 

constant voltage from its output to obtain convenient Centi- Features 
rade scaling. The LM35 does not require any external ■ Calibrat d di 
'sraton or trimming to provide typical accuracies of ±¼"C . e tirectly in • Celsius (Centigrade) "" ■ Linear + 10.0 mV/'C scale factor at room temperature and ±¾"Cover a full -55 to +150C u 0.5'C 
temperature range. Low cost is assured by trimming and · accuracy guaranteeable (at +25'C) 
calibration at the wafer level. The LM35's low output imped- • Rated for full -55· to +15o·c range 
ace, linear output, and precise inherent calibration make • Suitable for remote applications 
interiacing to readout or control circuitry especially easy. It • Low cost due to wafer-level trimming 
can be used with single power supplies, or with plus and • Operates from 4 to 30 volts 
minus supplies. As it draws only 60 µA from its supply, it has • Less than 60 µA current drain 
very low self-heating, less than 0.1'C in still air. The LM35 is ■ Low self-heating, o.os·c in still air 
rated to operate over a -55" to +150"C temperature range, ■ Nonlinearity only ±¼"C typical 
while the LM35C is rated for a -40 • to + 11 0 'C range (-1 0 • ■ Low impedance output, o .1 n for 1 mA load 
with improved accuracy). The LM35 series is available pack- 

aged in hermetic TO-46' ., 
LM35C, LM35CA, and L transistor packages, while the 
plastic TO-92 tran~istor M~5D are also available in the 
able in an 8-lead surfacepac age. The LM35D is also avail 
plastic T0-220 packa mount small outline package and a ge. 

Typical Applications 
+Vs 

&OUT~T TD mY+IO.D ..,,., 

DS005516-3 

FIGURE 1. Basic Centigrade Temperature Sensor 
(+2'C to +1 so·c) 

+Vs 

~Vou1 

1'{ 
-Vs 
D5005516◄

Choose R, = -Ve/5O A 
V our=+1,500 mV at +150'C 

= +250 mV at +25'C 
= -550 mV at -55'C 

FIGURE 2. Full-Range Centigrade Temperature Sensor 
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connection Diagrams 

TO-46 
Metal Can Package so-a 

Small Outline Molded Package 

BOTTOM VIEW 
D SO05516-1 

"Case is connected to negative pin (GND) 

Order Number LM35H, LM35AH, LM3SCH, LM35CAH or 
LM35DH 

See NS Package Number H03H 

N.C. = No Connection 

Vaur□B +Vs 
N.C. 2 7 N.C. 

N.C. 3 6 N.C. 

GND 4 5 N.C. 

DSO05516-21 

Top View 
Order Number LM35DM 

See NS Package Number M0BA 

TO-92 
Plastic Package TO-220 

Plastic Package* 

BOTTOM VIEW 
DS005516-2 

Order Number LM35CZ, 
LM35CAZ or LM35DZ 

See NS Package Number Z03A 

0 
LM 

3501 

V + s our 
GND 

DS005516-24 

·Tab is connected to the negative pin (GND) 
Note: The LM35DT plnout is different than the discontinued LM35DP. 

Order Number LM35DT 
See NS Package Number TA03F 

2 
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Absolute Maximum Ratings (Note 10) 
TO-92 and TO itary/Aerospace specified. devices are required ski% WC;2 ~ contact the National Semiconductor Sales Offi j 

Alease' ·j\ability id u rice SO Package (Note 12) 260'C Distributors for avana 1 1 an specifications. 
Vapor Phase (60 seconds) 

supply Voltage +35V to -0.2V Infrared ( 15 seconds) 215'C 
output Voltage +6V to -1.0V ESD Susceptibility (Note 11) 22o·c 

outpul Current 10 mA Specified Opera!' li 2500V 

storage Temp.'; 
(Note 2) Ung Temperature Range: T MIN to T MAX 

To-46 Package, -60'C to +180'C LM35, LM35A 

T0-92 Package, -60'C to +150'C LM35C, LM35CA -55'C to +150'C 

so.a Package, -65'C to +150'C LM35D -40'C to +110'C 

T0-220 Package, -65'C to +150'C 
o·c to +100'C 

Lead Temp.: 
T0-46 Package, 

(Soldering, 10 seconds) 300'C 

Electrical Characteristics ,. 

(Notes 1, 6) 

LM35A LM35CA 
Parameter Conditions Tested Design Tested Design Units 

Typical Limit Limit Typical Limit Limit {Max.) 
(Note 4) {Note 5) (Note 4) {Note 5) 

Accuracy T,-+25'C ±0.2 ±0.5 ±0.2 ±0.5 ·c 
(Note 7) T,=-10'C ±0.3 ±0.3 ±1.0 ·c 

T,=Two ±0.4 ±1.0 ±0.4 ±1.0 ·c 
T,=T ±0.4 ±1.0 ±0.4 ±1.5 ·c 

Nonlinearity T <T,<Tax ±0.18 ±0.35 ±0.15 ±0.3 ·c 
(Note 8) 
Sensor Gain T ax<T,<Ta +10.0 +9.9, +10.0 +9.9, mV/'C 
(Average Slope) +10.1 +10.1 
Load Regulation T,=+25'C ±0.4 ±1.0 ±0.4 ±1.0 mV/mA 

(Note 3) 0<1,<1 mA T <T,<Tac ±0.5 ±3.0 ±0.5 ±3.0 mV/mA 

Line Regulation T,=+25'C ±0.01 ±0.05 ±0.01 ±0.05 mVN 

[Note 3) 4<V ,<30V ±0.02 ±0.1 ±0.02 ±0.1 mVN 

Quiescent Current V ,=+5V, +25'C 56 67 56 67 µA 

(Note 9) V ,=+5V 105 131 91 114 µA 

V ,=+30V, +25'C 56.2 68 56.2 68 µA 

V %=+30V 105.5 133 91.5 116 A ~ 
Change of 4V<V,<30V, +25'C 0.2 1.0 0.2 1.0 µA 

Quiescent Current 2.0 0.5 2.0 µA 
4V<V ,<30V 0.5 

Nie s) 
Jemperature +0.5 +0.39 +0.5 µA/'C 

Coefficient of 
+0.39 

Quiescent C urrent +2.0 ·c 
Minimun» r +2.0 +1.5 

emperature In circuit of +1.5 
for Rat 

[4" '®Jed Accuracy Figure 1, l,=0 ±0.08 ·c 
Long T erm Stability T,=Taos for ±0.08 

o 1000 hours 

www.national.com 

r 
= ») 
01 

3 



an - Electrical Characteristics - S 
- 

3 (Notes 1, 6) - 
Parameter 

- 
Conditions ~ LM35 - 

Tested LM35C, LM35D 
Typical Design 

limit Tested 

Accuracy, 
(Note 4) 

limit Typical 
Design Units 

T, +25'C (Note 5) 
Limit Limit 

LM35, LM35C T,=-100 
±0.4 ±1.0 (Note 4) 

(Max.) 
(Note 5) 

(Note 7) T,=Two 
±0.5 ±0.4 ±1.0 
±0.8 ±0.5 

·c 

T,=Tw» 
±1.5 ±1.5 ·c 

±0.8 ±0.8 
Accuracy, LM35D T,=+25'C ±1.5 

±1.5 ·c 
±0.8 

(Note 7) T,-To 
±2.0 ·c 

±0.6 ±1.5 
T,=T 

·c 
.. ±0.9 ±2.0 

Nonlinearity T ans<T,<To 
c 

±0.3 
±0.9 ±2.0 

(Note 8) 
±0.5 ±0.2 

·c 

Sensor Gain T xsT,<Tac 
±0.5 c 

+10.0 +9.8, 
(Average Slope) 

+10.0 

Load Regulation 
+10.2 

+9.8, mvrc 

T,=+250 ±0.4 ±2.0 
+10.2 

(Note 3) 0<1,<1 mA T <T,<Tao ±0.5 
±0.4 ±2.0 mV/mA 

Line Regulation T, +25'C 
±5.0 ±0.5 ±5.0 

±0.01 ±0.1 
mV/mA 

(Note 3) 4V<V \<30V ±0.02 
±0.01 ±0.1 mVN 

±0.2 
Quiescent Current V +5V, +25'C 

±0.02 ±0.2 mVN 
56 80 

(Note 9) V ,=+5V 
56 80 µA 

105 158 
V s=+30V, +25'C 

91 138 
56.2 82 

µA 

V %=+30V 
56.2 82 µA 

105.5 161 
Change of 

91.5 141 µA 
4V<V, <30V, +25'C 0.2 2.0 

Quiescent Current 
0.2 2.0 µA 

- 

4V<V g<30V 0.5 
(Note 3) 

3.0 0.5 3.0 µA 

Temperature +0.39 +0.7 

Coefficient of 

+0.39 +0.7 µA/"C 

Quiescent Current 
Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 ·c 

for Rated Accuracy Figure 1, 1,=0 
Long Term Stability T,=Taos for ±0.08 ±0.08 ·c 

- 1000 hours 
~-~ 1: Un~ess otherwise noted, these specifications api)ly: -55"CsTJS+150"C for the LM35 and LM35A; -40°sTJs+11o·c for the LM35C and LM35CA; and 

5 

-e;it100 C for the LM35D. Vs=+5Vdc and ILOAD=50 µA, in the circuit of Figure 2. These specifications also apply from +2·c to Tux the circuit of Figure 1. 
P cations in boldface apply over the full rated temperature range. 
ote 2: Thermal resistance of the TO-46 package is 400"CNv, junction to ambient, and 24'CW junction to case. Thermal resistance of the T0-92 package is 
BO ~Nol Junction lo ambient. Thermal resistance of the small outline molded package is 220'CW junction to ambient. Thermal resistance of the TO-220 package 

is 90'CIW junction to ambient. For additional thermal resistance information see table in the Applications section. 
Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be 

computed by multiplying the internal dissipation by the thermal resistance. 
Note 4: Tested Limits are guaranteed and 100% tested in production. 
:le 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 

lculate outgoing quality levels. 
Note 6· S cifi • • t nge • pe cations in boldface apply over the full rated tempera ure ra · . . . Note 7: Accuracy is defined as the error between the output voltage and 10mv/'C times the device's case temperature, at specified conditions of voltage, current, 

and temperature (expressed in 'C) Note 8: N . . · temperature curve from the best-fit straight line, over the device's rated temperature 
• onhneanty is defined as the deviation of the output-voltage-versus- 

range. 
Note 9: Quiescent 1 · fi ed · h · ·1 f Figure 1 N Curren Is de In m t e circuil O · . DC and AC electrical specifications do not apply when operating 
ote10: ieyda ±to the device may occUh 

th • Absolute Maximum Ratings indicate limits beyond which lamage 
e device beyond its rated operating conditions. See Note 1 · 

Note 11; Hur bo . ed th ha 1 5 k!l resistor. Ne an dy model, 100 pF drscharg roug · Reliability" or the section titled Surface Mount" found in a current National 
ote 12· • Eff t on produci e ,a 1 

Se . · See AN-450 "Surface Mounting Methods and Their ec . 
m,conductor Linear Data Book for other methods of soldering surface mount devices. 

WWw.national.com 
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Honeywell 

HIH-4000 Series 
Humidity Sensors 
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The HIH-4000 Series Humidity Sensors are designed 
specifically for high volume OEM (Original Equipment 
Manufacturer) users. Direct input to a controller or other device 
is made possible by this sensor's linear voltage output. With a 
typical current draw of only 200 A, the HIH-4000 Series is 
often ideally suited for low drain, battery operated systems. 
Tight sensor interchangeability reduces or eliminates OEM 
production calibration costs. Individual sensor calibration data 
is available. 

FEATURES 

The HIH-4000 Series delivers instrumentation-quality RH 
(Relative Humidity) sensing performance in a competitively 
priced, solderable SIP (Single In-line Package). Available in 
two lead spacing configurations, the RH sensor is a laser 
trimmed, thermoset polymer capacitive sensing element with 
on-chip integrated signal conditioning. The sensing element's 
multilayer construction provides excellent resistance to most 
application hazards such as wetting, dust, dirt, oils and 
common environmental chemicals. 

TYPICAL APPLICATIONS 

• Molded thermoset plastic housing 
• Linear voltage output vs %RH 
• Laser trimmed interchangeability 
' Low power design · 
' High accuracy• · 
' Fast response time 
' Stable, low drift performance 
' Chemically resistant 

• Refrigeration equipment 
% HVAC equipment 
• Medical equipment 
• Drying 
% Metrology 
• Battery-powered systems 
• OEM assemblies 



Hfff-4000 Series 

1 PERFORMANCE SPECIFICATIONS (At 5 Vdc suppl d · 
r.ABLE d mance specifications include test system m y an 25 °C [77 °F] unless otherwise aaH pertOI . . easurement errors (±0.5 % typical ) no e 
-1.,4etef Minimum rX 3 
pa~ naeabilitv (best fit straight line) ypical Maximum Unit jten @ - j to 60 % -5 - 5 j% to 100 % -8 %RH 

(changeability (2nd order curye) - 8 %RH 
le! . jht lir ) ±3.5 %RH jaracy'(best fit straigt line ±3.5 
jauracy (2nd order curve) - %RH 

±2.5 - %RH "itiSiensis 3 - %RH Repeatability +0.5 - %RH Settlina time - 70 ms ilesoonse time (1 /e in slow moving air) 15 - s iiity (@ so RH) ±1.2 (per year) %RH Stabilitv' (@ 50 %RH) - +0.5 (oer vear) %RH 
Voltage supply 4 5.8 Vdc 
Current supply - - 500 A 
VoHaae output (1° order fit) V_=V (0.0062(sensor RH)+0.16) 
Voltaae output (2nd order curve fit) V =0.00003(sensor RH)+ 0.028 1 (sensor RH)-+-0.820, typical @ 25 °C 
Temperature compensation V,,=(0.0305+0.000044T-0.00000 1 1 T)(Sensor RH)+(0.9237 

0.0041T+-0.000040T), T=Temperature in °C 
Ooeraling temperature -40[-40] See Fioure 1 . 85(185) ·cC[®r] 
Ooerating humidity 0 See Fioure 2. 100 %RH 
Storaae temperature -40[-40] - 125(2571 ·"c[®F] 

Storaae humidity See Figure 2. %RH 

t d) 

Notes: 
1. For HIH-4000-003 and -004 only. 
Z Specification includes testing outside of recommended operating zone. 
3· Specification includes testing for recommended operating zone only. 

NOTICE 
• Do not expose sensor to condensing environments. 
Exposure to condensing environments will cause sensor 
output to indicate o %RH. 

• Sensor is light sensitive. For best performance, shield 
• sensor from bright light. 
Sensor is static sensitive. Sensor connection protected to 
l5 kV maximum 
'Sensor outp t . . . Fail ul is ratiometric to supply voltage. . ie to comply with these instructions could result in 
eath or serious injury. 

FACTORY CALIBRATION DATA 
HIH-4000 Sensors may be ordered with a calibration and data 
printout (Table 2). See order guide on back page. 

EXAMPLE DATA PRINTOUT 

Q ee!c A 
SENsrnve ,.- 
DEVICES 

DDNOTOl'ENORIIAHDLE '"' EXCEPT AT 4 STATIC ~ 
FREE WORY STE.TO 

ESD SENSITIVITY: 
CLASS 3 

TABLE 2. 
Model HIH-4000-001 

Channel 92 

Wafer 030996M 

MRP 
337313 

Calculated values at 5 V 0.958 V Va @ 0 %RH 3.268 V V%a @ 75.3 %RH 
Linear output for 2 %RH 
accuracy @ 2s ·c 0.958 V zero offset 30.680 mV/%RH 
Slope (V%ar- zero offset)/slope 
RH (V%.r-0.958)/0.0307 

Ratiometric response for O % 
to 100 %RH V%uy (0.1915 to 0.8130) 
Voo 

"w.honeywell.com/sensing 



Humidity Sensors 
ECOMMENDED OPERATING CONDITIONS eel ii; 

RECOMMENDED 
OPERATING ZONE 

10 

", s» ca aa o vo 
c., houn(SollmvaWlltyontJ, £] onto tamed 

■- 

20 30 40 50 
Temperature °C 

60 70 80 90 100 

2 STORAGE ENVIRONMENT ee" g7Ji 100 

ml---------'-<; = ' 2 ! :aaaaa X lOI t- 1:l '% 30 { ===± [-,2ttw2aid 
..co -30 -20 -10 0 10 20 30 40 50 60 70 

Temperature •c 

FIGURE 3. MOUNTING DIMENSIONS 
for reference only mm/[in] 

FIGURE 4. TYPICAL BEST FIT STRAIGHT LINE 
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FIGURE 5. TYPICAL 2° ORDER CURVE FIT 
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APPENDIX C:SOURSE CODE. 



#define THIS_IS_STACK_APPLICATION 
#define VERSION "v4.02" 
#define BAUD_RATE (115200) 
define MAX_USER_RESPONSE_LEN (20% ) 
#include "TCP IP Stack/TCPIP .h" 
#include "I wire.h" 
#include "ftoa.h" 

#define VAR_ANAIN_AN3 (0 x03) II Analog input (LM35) 
#define VAR_ANAIN_AN4 (0x04) II Analog input (HIH400) 
#define VAR_ TEMP_ THRSHOLD (0x05) II Temperature Threshold 
#define VAR_RH_THRSHOLD (0x06) II RH Threshold 

#define VAR_FAN_RELAY 
#define VAR_ HEATER_ RELAY 
#define VAR BUZZER 
#define VAR PASSWORD 
#define VAR CURR USER 

Ao, 

( 0x21) II Status (on/off) of Fan relay 
(0x22) II Status (on/off) of Heater relay 
(0x23) II Status (on/off) of Buzzer 
(0x29) II Admin Password 
(0 x30) II Guest or Adrnin 

*********************************************************************I 
*CGI Command codes (CGI_ C:MD _DIGOUT) *"""********************* 
[kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk: 3 

#define CGI C:MD DIGOUT 
so, 

#de fine CMD FAN 

#define CMD HEATER 

#define CMD_ADMIN _LOGIN0 

#de fie CMD_CHNG _PASS 

#define CMD _ CHNG_TEMP 
#define CMD_CHNG _RH 

#define CMD BUZZER 

(0) 
(0x0l) II Toggle FAN relay 
(0x02) // Toggle HEATER relay 

(0 x03) II Admin login 
(0x04) II Change Admin Password 

(0x05) II Change Temp. Threshold 

(0x06) // Change RH Threshold 
(Ox07) II Toggle Buzzer relay 



static void InitializeBoard(void); 

static void ProcessIO(void); 

static void ProcessTemp(float); 

static void ProcessRH(float); 

#f defined( 18CXX) 
#if definedL l 8F45) 

#if defined(_DEBUG) 

#pragma config OSC=HSPLL, WDT=OFF, LVP=OFF, PWRT=OFF 

#else 

#pragma config OSC=HSPLL, WDT=OFF, LVP=OFF, PWRT=ON 

#endif 

#endif 

#endif 

BYTE Temp_Threshold[8] = "29;" 

float TempLimit = 29; 
BYTE RH Threshold[8] = "20;" 

float RHLimit = 20; 

BYTE ADMIN PASSWORD[1O] = "admin;" 

BYTE ADMIN_PAGE[2O] = "admin.cgi;" 

BYTE GUEST_PAGE[2O] = "guest.cgi;" 

BYTE CURR_USER[20]; // Guest or Admin 



Buffers for the two ADC readings 

YTE AN3String[8]; 

BYTE AN4String[8]; 

/Nariables fur sampling timer 

TICK last Tick Sample; 

TICK currentTickSample; 

TICK tickTimeout; 

*********************************************************************/ 
*Main application entry point 
f******************************************************************* 

void main(void) { 
Delayl0KTCYx(0); II Delay of about 250mS 
Initialize Board); 
Ticklnit(); 
MPFSinitQ; 
InitAppCorrfig(); 

if (BUTTON IO = Ou) { 

SetConfig) ; 

{ 

Stackinit O ; 
HTTPinit O; 
putrsUSART("\r\nIP address"); 
putrsUSART("r\n"); 

while (l){ 

StackTask (); 
HTTP Server ) ; 
I !Our I/O PIC-WEB tasks 



Process! 0 () ; 
} 

tatico void Process]O(void) { 
float f, 
unsigned char buf[l OJ; 
signed int temp; 
float lm35, HIH4000; 
WORD_VAL ADCResult; 

//ReadAN3 (LM35) 
ADCON0 0 = b10011001; // SelectAN3 channel 
ADCResult.v[0] = 100; 
while (ADCResult.v[0 ); 
ADCON0bits.GO = 1; 
while (ADCON0bits.GO); 
ADCResult.v[0] = ADRESL; 
ADCResult.v[l] = ADRESH; 

//Calculate the tenperature based on the LM35 reading 
lm35 = ADCResult.Val; 
Im35 = (lm35 * 4.88)/10; 
Process Temp(lm35 ); 

I /Read AN4 (HIH4000) 
ADCONO 0= b10100001; 
ADCResult.v[0] =100; 
while (ADCResult.v[0 ]--); 
ADCONObits.GO = 1; 
while (ADCON0bits.GO ); 
ADCResult.v[0] = ADRESL; 
ADCResult.v[1] = ADRESH; 

// Select AN4 channel 



[/Calculate the RH based on the HIH400 read, 
HIH4000 =ADCResult.Val; ·8 
HIH4000 = ((0.00488 HIH4000)- 0.958)/0.0307, 
Process RH(HIH4000 ) ; ' 

current Tick Sample = TickGet () ; 

if (TickGetDiff( currentTickSample, lastTickSample) >= tickTimeout) 
{ 

lastTickSample = TickGet(); 

/ /Read the temperature and store is displayable form 
ftoa(HIH4000, AN4String, 1, 'f); II Store HIH4000 ASCII value 
ftoa(lm35, AN3String, 1, 'f); II Store LM35 ASCII value 

tickTimeout = TICK SECOND 2; II 5 seconds before next sample 

} 

static void InitializeBoard(void) { 

FAN_RELAY_TRIS = 0; 

FAN_RELAY_IO = 0; 
HEATER_RELAY_TRIS = 0; 

HEATER_RELAY_IO =0; 
BUZZER TRIS= 0; 

BUZZER_IO =0; 
RELAY 4 TRIS = 0; 
RELAY4 IO = 0; 



#if defined(_18F452) 
TRISA = 0x2F; 

ADCON 1=Ob1 10001 00; 

OM char COMMANDS_OK_PAGE[] = "INDEX.CG" 
OM char CMD_UNKNOWN_PAGE[] = "INDEX.CGi 
ROM char CMD_ADMIN_PAGE[] = 'admin.CG;" 

. , 

#define COMMANDS_ OK _PAGE_ LEN (sizeof(COMMANDS_OK_PAGE) 
#defineC:MD_UNKNOWN_PAGE_LEN (sizeof{CMD_UNKNOWN_PAGE) 
#define CMD_AD MIN _PAGE_ LEN (sizeof(CMD_ADMIN_PAGE) 

voidHITPExecCmd(BYTE** argv, BYTE argc){ 
BYTE command; 
BYTE var; 
BYTE CurrentArg; 
BYTE* TmpPointer; 
char* TmpChar; 
WORD_VAL TmpWord; 
int i = 0: 

' 
command= argv[0][0] - '0;1 

switch ( command) { 

case CGI CMD DIGOUT: 
/ iconvert string to integer value 
var= argv[l][0] - '0;' 
switch (var) 

case CMD _HEATER: ER Relay 
//Tum on HEAT - I· 
HEATER _RELAY _IO - ' 
break; 



case CMD _ BUZZER: 
//Tum off Buzzer Relay 
BUZZER IO = O: - ' break; 

case CMD_ADMIN_LOGIN: 
I I Admin Lo gin 
TmpChar = argv[2]; 
if(strcmp(TmpChar, ADMIN_PASSWORD)=- O) 

{ 
/ /Correct Password 

i =0; 
while( i < 20) 
{ 

CURR_USER[i] = ADMIN_PAGE[I ]; 
i++; 

} 

else 
{ 

//Wrong Password 
i = O; 
while(i < 20) 

{ CURR_USER[i] = GUEST_PAGE[I ]; 
i++ ; 

} 

} 
break; 

CMD CHNG TEMP: case -  
Threshold //Change Temp. 

i=0; 3[1j= \0&&i<5) while(argv[2]\j' 
{ hold[i]=argv[2lfi]; Temp_Thres 

j++; 

} 



TempLimit = Tem 
Tempt.ii + p,""®otaro. o, 

p - Threshold[ 1] '. , 
break - O )*10· 

' ' 

caseCMD_CHNG RH· 
//Change RH Thre sh i=0: reshold 

' while(argv[2][i] '== '\0' && . { . 1 < 5) 

~-.- Threshold[i] == argv[2][i]· 
' ' 

} 
RHLirnit = RH Thr 
RHL

. . - eshold[0] _ '0·' 
umt = (RH Thr " b ak· - eshold[l] _ '0')* l 0· 

re ° 

case CMD - CHNG p ASS: 
//Change Admin. Password 
1 = O; 
while(i < 8) 
{ 

ADMIN_PASSWORD[i] = argv[2][i]; 
i++; 

} 
break; 

' cc;7"RP?rota-argtOl ROM oi@COMMANDS OK PAGE soK_PAGE_LEN); 
break· - 

' 

default: 
oid+cc,,Fpypgm2ram(void)argvOl RO®. LEN); {MANDS OK PAGE, COMMANDS_OK_PAGE_+ ' 

- - 

} 
break· ' 



WoRD HTTPGetVar(BYTE var, WORD ref, BYTE 
> val){ 

static BYTE VarString[25]; 

switch (var) { 

//LM35 
case VAR_ ANAIN_AN3: 

*val= AN3String[(BYTE)ref]; 
if (AN3String[(BYTE)ref] = '\O') 
return HTTP END OF VAR· - - - ' 
else if (AN3String[(BYTE)++ref] = '\O') 
return HTTP_END_OF_VAR; 
return ref; 

//HIH4000 
case VAR ANAIN AN4: 

val = AN4String(BY TE)ref]; 
if (AN4String[(BYTE)ref] = '\0') 
return HTTP END OF VAR; 
else if (AN4String[(BYTE)+ +ref] == \O') 
return HTTP END OF VAR; 

AN AAA 

return ref; 

//FAN relay 
case VAR FAN RELAY: 

val = FAN_RELAY_IO ? '1':0;' 
break; 

//Heater Relay 
case VAR_HEATER_RELAY: 0;' 

*val= HEATER_RELA Y_IO . . ' 
break; 



//Buzzer 
case VAR_ BUZZER: 

*val =BUZZER_IO ? 'I':0; 
break; 

I !Temp Threshold 
case V AR_TEMP _THRSHOLD: 
val = Temp_Threshold[(BYTE)ref]; 
if(Temp_Threshold[(BYTE)ref] ==oy 
returnHTTP END OF VAR· - - - ' 
else if (femp_Threshold[(BYTE)++ref] = '\0') 
return HTTP END OF VAR· - - - ' 
return ref; 

//RH Threshold 
case VAR RH THRSHOLD: - - 

*val= RH Threshold[(BYTE)ref]; 
if (RH_Threshold[(BY TE)ref] == \O ) 
return HTTP END OF VAR; 
else if (RH_Threshold[(BYTE)++ref]== '\O ') 
return HTTP_END_OF_VAR; 
return ref; 

//Password 
case VAR PASSWORD: . 

"val = ADMIN_PASSWORD[BYTE)rel;, 
if (AD MIN PASSWORD(BYTE)ref] ' 
retum HTTP_END _OE_/5,,yTE++ref] ==O) 
else if (ADMIN_PASSWORD 
return HTTP END OF_VAR; - - 
return ref; 



//Current User 
case VAR_CURR_USER: 

val = CURR_USER[(BYTE)ref], 
if (CURR_USER[(BYTE)ref] == 
return HTTP_END_OF VAR: 
else if (CURR_USER[(BYTE++en] == y» 
retum HTTP_END_OF_VAR; ==\O) 
return ref; 

static void ProcessTernp(float temp) 
{ 

if(temp > TernpLimit + 1) 
{ 

//Turn heater off 
HEATER_RELAY_IO= O; 

} 

if((temp > (TempLimit + 3)) II (temp <(TempLimit-3))) 
{ 

//Turn on Buzzer 
BUZZER_IO = 1; 

} 

static void ProcessRH(float R) . . 
( if(RH> (RHLimit+3)) [[ (RH <(RHLimit-3))) 

{ . 

//Tum on Buzzer 
BUZZER IO= 1; 

} 


