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Abstract 

Controlling robots for surveillance has always been troublesome. So we now have a 

surveillance vehicle that can be controlled by a Touchscreen. 

The purpose of the project is to build a surveillance vehicle with an extremely convenient 

user interface. Hence we chose Touchscreen for the user interface. The vehicle can 

autonomously map the boundaries of the room and display it on a Graphical LCD. Then 

user can guide it by tracing a path on the touch screen. Directions are extrapolated from the 

traced path and the vehicle follows them in real time. It can collect data like temperature at 

desired locations and wall positions of the room and send it back to the controlling unit, to 

be displayed on a Graphical LCD.  

The project can be very useful in surveillance of inaccessible or hazardous areas/regions 

like room filled with toxic gases, unknown territory of enemy, etc. for basic atmospheric 

conditions or geographical structure. It can be used as a carrier for other sensors like GPS, 

camera, motion sensing, etc. to the desired location for detailed survey. 
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Chapter 1 

Introduction 

Surveillance Vehicles have been available since long time with varied applications in 

different fields. Such vehicles can be used to capture images (normal or thermal) of a 

particular area for construction survey, patrolling or spying. Some can be used like a robot 

for controlling various processes for automation. Some can be used to sense basic 

information like geographic layout, temperature, humidity, etc. in a given area. Some, like 

the Mars Rover or Chandrayaan, can sense the same information mentioned above but 

from a distant place like the Mars or the Moon. 

These vehicles, though diverse in applications, can be classified according to the methods 

used to control them. The control of the vehicles mentioned in the above examples use 

basic remote control using switches, line following, software algorithms like wall-hugging 

or highly sophisticated and secure wireless control with computer. 

Study of these control methods leads to the need for a simple yet convenient way of 

controlling surveillance vehicles. 

The launch of the highly acclaimed iPhone by Apple, introduced the world to very 

different world, the world of ‘touch’. The extremely intuitive, effortless and 

straightforward Graphical User Interface (GUI) uses a Touch Screen for navigating 

through its menus. Such an interface can solve the troublesome way of controlling 

surveillance vehicles. 

This provided the rationale for our project. We envisioned making a simple prototype 

surveillance vehicle that will basically follow a path traced by the user on a touch screen. 

In addition, it can have an autonomous mode in which it can map the boundaries of a given 

area. The user can then guide the vehicle through this map. As a simple prototype of 

surveillance vehicle, it can sense temperature and humidity of the region to be surveyed 

and log it in a SD Card which can be used later for analysis and/or control. Anyone 

implementing this project in real life can add on more parameters, like camera, to survey to 

the vehicle depending on application.  
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A detailed study led to the block diagram as shown in Figure 1 below.  

 

Figure 1 Block Diagram 

1.1 Block Diagram explanation 

On the transmitter side there is a Microcontroller which takes analog values for the path 

drawn by the user on the Touch Screen as input, displays the path on a Graphical LCD, 

processes the data and sends it serially and wirelessly to the receiver (vehicle). 

On the receiver side, a Microcontroller receives this serial data, processes it and drives the 

motors according to it. If it receives a command for survey, it takes inputs from all the 

sensors attached to it and sends this information back to the transmitter side serially and 

wirelessly. 
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1.2 Working in brief 

The Touch Screen is a transparent glass like screen which provides analog values of the ‘x’ 

and ‘y’ co-ordinates of the point touched on it. When the user draws a continuous trace on 

the Touch Screen, the microcontroller samples the path and quantizes it to get a finite 

number of points. The co-ordinates of these points are converted into digital format by the 

on-chip ADC of the microcontroller. The microcontroller processes this data to display the 

path on the Graphical LCD which will be attached below the Touch Screen. 

From these co-ordinates we can calculate the distance and angle by which the vehicle 

should move. These values are then transmitted serially to the receiver (i.e. the vehicle) 

wirelessly. 

The microcontroller on the vehicle then issues commands to the motors to move according 

to the distance and angle values received. The GUI of the graphical LCD also gives the 

user options to give commands to the vehicle for survey. On getting such command, the 

vehicle stops and gets the inputs from all the sensors attached to it and sends them back to 

the controlling unit to be displayed on the LCD. 

1.3 Organization of the report 

The report consists of seven chapters.  

Chapter 1 introduces the history of surveillance vehicles, design problem and the intention 

of the project. It also outlines the working of the project in brief with the help of block 

diagram. 

Chapter 2 lists out what all components are required and explains their role in the project. 

It also gives the details of the literature survey and market research done for each 

component. 

Chapter 3 gives the important points considered in the selection of the particular hardware 

and software component for the project.   

Chapter 4 sheds light on the wireless communication between the transmitter and the 

receiver and motor control part. It also explains the background math involved in the 

extrapolation of the user defined path on the Touch Screen and the calculation of distance 

& direction from this path.  
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Chapter 5 explains the interfacing of discrete hardware components with the 

microcontroller.  

Chapter 6 deals with the integrated working of the entire project.  

Chapter 7 provides a synopsis and some suggestions for future work in this area. 
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Chapter 2 

Literature Survey 

As per the introduction, the requirements for the project needed to be researched from 

various sources. The literature survey involved the detailed study of the various hardware 

and software components required. This chapter explains the need to include these 

components in the project and the market survey done for each. 

2.1 Touch Screen 

The basic controlling unit in the project is the Touch Screen. The different types of Touch 

Screens and their details of working were studied from the internet and the decision to use 

the Resistive type was taken for the reasons explained in section 3.1.  

 Touch Screens come in modules with Graphical LCD or as separate unit. The cost of 

Touch Screen with GLCD module is approximately Rs. 2500. So it was decided to go for a 

separate unit. First option was to try and get a free sample online. But no company gives a 

free sample. An email was sent to about 18 Touch Screen manufacturing and distributing 

companies asking for the price of Touch Screen. Only 4 of them replied “We offer Touch 

Screens in bulk (1000 or more)”. After three weeks of continuous market research, a 

company by name “Lappteck Ltd.”[1] in Pune, India was found from where we finally got 

the Touch Screen for Rs. 650. 

2.2 Graphical LCD 

Since the Touch Screen is transparent, there must be a LCD below it to display whatever 

path is drawn on the Touch Screen. In addition, the LCD must be a Graphical LCD so that 

individual pixels can be plotted on it according to the point touched on the Touch Screen. 

On surfing internet, it was found that there are three types of on-chip controllers for 

Graphical LCDs: 

i. T6963 

ii. KS0108 

iii. SED 
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The Graphical LCD with controllers T6963 and SED were not available in the local 

market. So we went for KS0108. Cost being the important factor, a GLCD with minimum 

resolution was needed which is 128 pixel x 64 pixel. The cost of the original Samsung 

128x64 GLCD is Rs.3000 and that of the Chinese version varied from Rs.550 to Rs.750. 

The Chinese version was bought for Rs.550 from “CeePee electronics” [2]. The details of 

working of this GLCD are explained in section 4.2.  

2.3 RF Module 

For communication between the two units- the Touch Screen unit and the vehicle, a 

wireless connection needed to be established. For this purpose we used ASK (Amplitude 

Shift Keying) RF modules working at 433MHz. The cost this module (transmitter and 

receiver) is Rs.450. 

2.4 Motor 

The surveillance vehicle is a 3 wheeled vehicle which moves in the desired region for 

surveillance. Stepper motors are used for the rear wheels and a castor wheel in the front. 

Second hand bipolar stepper motors were bought for Rs.100 each. 

2.5 Temperature Sensor 

To get the temperature of the region to be surveyed, temperature sensors are needed. After 

surveying a lot of temperature sensors, it was decided to use DS1820 digital temperature 

sensor from DALLAS. These sensors were bought from local market for Rs.70 each. 

2.6 Humidity Sensor 

Measuring humidity of the region can be achieved by using a Humidity Sensor Module 

which comes for Rs.650 or by a home made humidity sensor. The home made sensor uses 

the principle of variation in the frequency of oscillation of an RC oscillator with the change 

in dielectric constant of the material used to separate the electrodes of the capacitor. The 

capacitor is assembled manually using Silica Gel as the dielectric material between two 

parallel plates. 
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This home made humidity was selected but is not working as desired due to manual 

assembly of such capacitor. 

2.7 Real Time Clock (RTC) 

Besides the actual survey results, the time of survey is equally important. So a Real Time 

Clock was implemented on the vehicle. There are a lot of RTC chips available in the 

market differing in the way it communicates with the microcontroller. After studying all 

possible types of RTC, the RTC chip DS1307 from DALLAS, Texas Instruments was 

selected. A free sample was ordered from MAXIM semiconductors for use. 

2.8 Microcontroller 

The main component controlling all the components listed above is the microcontroller. 

Today there are innumerable microcontrollers from different companies, with different 

features, in different versions and with different advantages over others. The main points 

that needed to be considered for microcontroller selection are discussed in section 3.5. 

ATmega16 and ATmega32 from Atmel were finally selected for the Touch Screen unit and 

the vehicle respectively. 

2.9 The Mouse 

It was decided that there will be an autonomous mode in which the vehicle will move 

around in the region to be surveyed and send the information about the boundaries of the 

region to the Touch Screen unit. Using this information, a map of that region will be 

displayed on the GLCD and the user then guide the vehicle through this region. 

There were two options for getting the co-ordinates: 

i. Wall hugging algorithm 

ii. Mouse 

After giving a try to option i, it was realized that interfacing a PS/2 mouse with the 

microcontroller would be a better option for the reasons explained in the next chapter.  
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2.10 Embedded ‘C’ Programming Software 

Writing such a huge code in assembly is tedious and hence a C compiler for the 

microcontroller was needed. This would ensure easy programming and handling of various 

device libraries. CodevisionAVR was chosen for this purpose. It is a high performance 

ANSI C compiler, Integrated Development IDE, Automatic Program Generator and In-

System Programmer for the Atmel AVR family of microcontrollers. 

2.11 Simulation software 

A simulation software was needed considering the fact that the hardware need not be 

changed in accordance with the changes in the software. This flexibility was needed since 

it would require less time to design the hardware. The benefit is that the hardware design 

may be changed just as easily as the software design. Proteus VSM suite was chosen for 

the purpose. It offers the ability to co-simulate both high and low-level micro-controller 

code in the context of a mixed-mode SPICE circuit simulation.   

The reason for selection of the particular hardware and software units listed above is 

explained in detail in the next chapter. 
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Chapter 3 

Hardware and Software Selection 

After noting down the hardware and software components required, the next thing to go for 

is the selection of a particular component depending on its features, cost and advantages 

over others from the same category. This chapter lists out the specific components selected 

and discusses the points considered for their selection. 

3.1 Touch Screen 

There are 3 types of touch screens depending on the mechanism used to sense the co-

ordinates of the point that is touched. They are: 

i. Resistive 

ii. Capacitive 

iii. Surface acoustic 

Capacitive technologies use the conductivity of a finger (or any other conductive input) to 

shunt a small alternating current to ground through the operator's body. The capacitance 

variation is measured from the four corners of the touch screen. 

When a user's finger touches a surface-acoustic-wave touch screen, the screen absorbs the 

acoustic waves propagating on the touch surface. The controller electronics identify a 

touch by the drop in acoustic signal from the touch location. 

The Resistive touch screen is the simplest & easiest to use among the three. It consists of a 

transparent glass substrate with two Indium Tin Oxide (ITO) layers on top which are held 

apart by nearly invisible spacers. A scratch-resistant layer is placed on top of the whole 

setup. 

It operates by applying a voltage across one of the two ITO layers which acts as resistive 

potential divider network. When a user touches the screen by an input (stylus, pen, or 

finger), the two layers come in contact in that exact spot. Two-dimensional coordinate 

information is generated by the voltages produced at the touch location. These analog 
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voltages, produced due to the touch, are given to an ADC to convert it to digital data that 

can be processed further. 

Resistive touch systems are available in 4-, 5-, and 8-wire variants. 5-wire touch screens 

are more reliable than 4-wire but are not quite expensive. Eight-wire technology, in 

comparison with four-wire resistive technology, uses four additional sensing points to 

stabilize the system against drift, but the addition points do not improve the durability or 

life expectancy of the screen.  

It was decided to use the 4 wire touch screen due to low cost and easy usage. Its details of 

operation are explained in chapter 4. 

3.2 Touch Screen controller 

The location of the point touched on the Touchscreen can be found by microcontroller. But 

there are ICs present in the market specifically made for this purpose. TSC2005 is one 

such touch screen controller from Texas Instruments which 

provides the X-Y co-ordinate of the touched point through 

SPI. But the BGA (Ball Grid Array) IC package of these 

controllers makes it unfeasible for students to solder it 

because of its extremely small size (4mm x 4mm with 28 

pins). 

An example of BGA IC package is shown in Figure 2. 

So it was finally decided to make the microcontroller get the touched point’s co-ordinates 

from the Touch Screen, using ADC.  

3.3 Graphical LCD 

There are mainly two types of Liquid Crystal Displays (LCD): 

i. Alphanumeric LCD 

ii. Graphical LCD 

Alphanumeric LCDs display characters in pre-designated blocks (matrix of 5x7 pixels). 

This limits their use to simple number and character displays and crude images drawn from 

Figure 2 BGA IC package 
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numbers or characters. While this is suitable for many applications, our project needed to 

plot individual pixels. So it is better to use a graphical LCD. 

As mentioned in section 2.2, there are three types of on-chip controllers for Graphical 

LCDs: 

iv. T6963 

v. KS0108 

vi. SED 

The Graphical LCD with T6963 and SED controllers were not available in the local 

market. So we went for KS0108 with a resolution of 128 pixel x 64 pixel. Its model no. is 

JHD12864E (Blue version).  

Once this GLCD was bought, it needed a software driver (library of functions that can be 

used directly in the main ‘C’ program). But there are no such drivers available for KS0108 

GLCD. Also there is very little information on writing graphical LCD drivers for all the 

three types. Even the little information that was available was very crude and not in usable 

form. 

Finally it was decided to build library from scratch for the GLCD using the datasheet of 

JHD12864E. This library can now be used to drive any KS0108 based GLCD. 

The details of working of the GLCD are explained in section 4.2 and its library is included 

in the software copy of this report.  

 

3.4 RF Module 

For wireless communication, the 433 MHz Amplitude Shift Keying (ASK) RF Transmitter 

and Receiver module is readily available in the local market. This module is ideal for 

remote control applications where low cost and longer range is required. The transmitter 

operates from a 1.5-12V supply and drawing about 11mA current at 3V, making it ideal for 

battery-powered applications. The data needs to be transferred serially to and from this RF 

transmitter and receiver. 

3.5 Motors 

There are many options available for the choice of motors like servo, dc, stepper, etc. 

Since the vehicle needs to follow a path precisely, the stepper motors are best suited. Also, 
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the vehicle can be further upgraded to include features like CCD camera, GPS receiver, 

etc. Stepper motors provide high torque needed to carry these modules. 

Making a 4 wheeled vehicle would have created alignment problems. So a 3 wheeled 

vehicle with two rear wheels driven by stepper motors and a castor wheel in the front was 

decided upon. 

3.6 Temperature sensors 

DS1820 Digital temperature sensors from DALLAS semiconductor provides many 

features like: 

i. 1 wire interface that requires only 1 port pin of microcontroller, 

ii. No external components required, 

iii. Zero standby power, 

iv. Converts temperature to digital word in 200ms (typ.) 

v. Temperature resolution of 0.5° C. 

All the above features help these sensors to be mounted on a mobile vehicle. 

3.7 Real Time Clock (RTC) 

Real Time Clocks are available with different manufacturers with different interfaces like 

the digital output data from the RTC can be parallel, serial (in I
2
C format) or using Serial 

Peripheral Interface (SPI). DS1307 is one such RTC with I2C interface from DALLAS 

Semiconductor, Maxim Integrated Products Inc. Free samples of this popular RTC are 

provided by Maxim Integrated Products Inc. 

The DS1307 serial real-time clock (RTC) is a low-power, full binary-coded decimal 

(BCD) clock/calendar. Address and data are transferred serially through an I2C, 

bidirectional bus. The clock/calendar provides seconds, minutes, hours, day, date, month, 

and year information. The end of the month date is automatically adjusted for months with 

fewer than 31 days, including corrections for leap year. The clock operates in either the 24-

hour or 12-hour format with AM/PM indicator. The DS1307 has a built-in power-sense 

circuit that detects power failures and automatically switches to the backup supply. 

Timekeeping operation continues while the part operates from the backup supply.  
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3.8 Microcontrollers 

Atmel AVR microcontrollers like ATmega 16 / 32, ATtiny are selected since they provide 

many features like: 

i. Bidirectional I/O ports (for the Touch Screen). 

ii. On chip ADC (for the Touch Screen), Timer/Counter (for RTC and mouse 

interface) and UART (for serial communication).  

iii. On chip I2C (for RTC) and SPI controller (for SD Card interface). 

iv. They can work at a maximum frequency of 16MHz and hence are quite fast.  

v. 16kB/32kB Flash & 512Bytes EEPROM memories for lower power 

consumption & more write/erase cycles (for storing large images that needed to 

be displayed on the GLCD). 

vi. In System Programmable i.e. the microcontrollers can be programmed without 

removing them from the circuit. 

vii. Very easy to program with a simple home made programmer (STK200 or 

USBASP). 

Other parameters that influenced the choice of microcontroller in favour of Atmel AVR 

include our previous experience of working with them and the programming software 

“Codevision AVR”.  

3.9 Embedded Programming Software 

Codevision AVR is the embedded programming software used for programming the 

microcontrollers. This software helps to write programs for these microcontrollers in ‘C’ or 

mixed language (‘C’ and assembly). ‘C’ language is high level language and is very 

compact, efficient and easy to use. Assembly language can be used in the part of code 

where very strict timing constraints are to be met. Codevision AVR provides options for 

optimizing the code for size, speed or performance (i.e. both). It also has in-built libraries 

for temperature sensors, UART, RTC, SPI, delay functions, etc. It also has features like 

serial terminal, programmer and debugger. 
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3.10 Simulation software 

Proteus is the simulation software that was selected for simulation of our code. It has a 

huge library of components and a good online support. Thus, everything from a capacitor 

to microcontroller, temperature sensors and RTC can be simulated in Proteus. 

The only area in which Proteus’ performance degrades is while executing memory 

operations for example, interfacing with SD Card. But since the project didn’t involve such 

critical memory operations, Proteus helped to simulate almost the entire code except 

mouse (since that needed to be checked using the actual hardware). 

3.11 Software to download firmware in the MCU 

AVRDUDE is an open source utility to download/upload/manipulate the Flash and 

EEPROM contents of AVR microcontrollers using the in-system programming technique 

(ISP). 

The major features of AVRDUDE include: 

• Command-line driven user interface for all downloading and uploading features 

(including handling fuse bytes), for easy automation  

• Interactive examination and modification of various memory regions in the so-called 

terminal mode. 

• Known to run on FreeBSD, MacOS X, Linux, and Win32 platforms. On Win32 

platforms, parallel port access requires the previous installation of a driver (giveio.sys) 

that grants a user process direct access to the IO registers. 

• Supports a wide range of programming hardware, from cheap ISP plugs that connect 

the AVR's ISP interface directly to a computer's parallel port (no additional circuitry) 

or serial port (some additional circuitry needed), more advanced ISP adapters using a 

buffer/driver chip (like a 74HC373), up to (more complex) serially connected 

programmers like AVR910-style ISP devices, the Atmel STK500 board, and the Atmel 

JTAG ICE mkII. Most popular adapters come pre-defined, adding a new parallel-port 

adapter is as simple as editing a configuration file (no recompilation needed).  
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• Supports Intel Hex, Motorola S-Record, and raw binary files for input and output, as 

well as direct memory contents specification on the command-line (useful e.g. for fuse 

bytes). On input, the file format can be auto-detected. 

• In "terminal mode", the device's memory areas can be examined, and possibly 

modified. This allows to set fuses interactively, or to modify a few EEPROM cells. 

After the selection of all the hardware and software components it is required to implement 

these units. The next chapter deals with the working and implementation of each hardware 

component. It gives all details that are required to use the particular unit in the project. 
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Chapter 4 

Hardware Implementation 

This chapter gives all the details required to implement the various hardware units selected 

in chapter 3. This includes the construction, working and software code (in ‘C’ language) 

to interface the unit with MCU. 

4.1 Touch Screen 

Analog touch screens are available in three 

types, 4-wire, 5-wire and 8-wire. All analog 

touch screens consist of a ridged layer and a 

flexible layer with a separation layer 

between them. The flexible layer is exposed 

to the outside, towards the user. The inside 

surfaces of the ridged and flexible layers 

are coated with a resistive coating, usually 

ITO (indium tin oxide). When the flexible 

layer is pushed its conductive surface will 

make contact with the conductive surface of 

the ridged layer making an electrical 

connection between the two layers at the 

point of contact. Measurements are then 

made to determine the point of contact. 

A 4-wire touch screen was chosen due to the advantage of having a very simple interface 

with the microcontroller; the construction and working being explained below. It was 

required to operate the Touchscreen within a specific area called as the active area which is 

as shown in Figure 4.2 below. 

 

Figure 3 Touch Screen Side view 
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Figure 4 Mechanical Drawing of a 4-Wire TouchScreen 

Usually a resistive touch screen consists of at least three layers: A flexible membrane made 

from PET film is suspended over a rigid substrate made from glass or acryl. Both surfaces 

are coated with a transparent conductive film like ITO (Indium tin oxide). The conductive 

ITO layers are kept apart by an insulting spacer along the edges, and by spacer dots on the 

inner surface of the two ITO layers. In this way there will be no electrical connection 

unless pressure is applied to the top sheet (PET film).  

4-wire touch screens use a single pair of electrodes or Bus bars on each ITO layer. The bus 

bars in the top sheet and substrate are perpendicular to each other. The bus bars are 

connected to the touch screen controller through a 4-wire flex cable. The 4 wires are 

referred as X+ (left), X- (right), Y+ (top) and Y- (bottom).  

An advantage of the 4-wire touch screens is that it is possible to determine the touch 

pressure by measuring the contact resistance i.e. (Rtouch) between the two ITO layers. Rtouch 

decreases as the touch pressure increases. This logic was used to find the ADC values 

before using the touch screen. A touch interrupt routine was included in the C program to 
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consider samples after activity detection. The C routine along representation of the 

hardware is shown here: 

 

Figure 5 Touch Screen Configured for a waiting Pen Interrupt 

void touch_intr() 

{ 

 TS = 0x08; 

 TS_DIR = 0x0C; 

 delay_ms(1); 

 while(read_adc(XCH)>220)//threshold= 220 

 {  

   delay_ms(20); 

  } 

 } 

Using this function, the MCU waits for a touch interrupt i.e. it waits till the touch screen is 

touched. It checks for the touch at every 20ms interval. 



25 

 

Figure 6 Touch Screen 3D electrical equivalent 

The point of contact divides each layer in a series resistor network with two resistors and a 

connecting resistor (Rtouch) between the two layers. By measuring the voltage at this point 

the user gets information about the position of the contact point orthogonal to the voltage 

gradient. To get a complete set of coordinates, the voltage gradient must be applied once in 

vertical and then in horizontal direction: first a supply voltage must be applied to one layer 

and a measurement of the voltage across the other layer is performed, next the supply is 

instead connected to the other layer and the opposite layer voltage is measured. 

 

Figure 7 Touch Screen equivalent circuits 
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 The X and Y positions on the screen were implemented in C as follows: 

 

Figure 8 Touch Screen interface with MCU 

4.2 Graphical LCD 

4.2.1 The JHD12864E 

The JHD12864E is a 128 x 64 pixel graphical LCD with backlight.  It is driven by two 64 

x 64 pixel Samsung KS0108 drivers.  Figure 9 shows an image of what the graphical LCD 

looks like with a sample output of a cartoon character. The actual view area of the LCD is 

60 mm x 32.6 mm. 

4.2.2 Pin Assignments 

This display has 14 I/O pins (for control and data) and 6 power related pins. The Appendix 

contains the detail pin-out of the LCD but for better understanding the working of the 

Graphical LCD, it is listed in Table 2. 

 

Measurement   X+ Excite X- Excite
 

 Y+  Excite Y- Excite 

Standby  Gnd  Hi-Z  Hi-Z  Pull up / Int  

X-Coordinate  Gnd  Vcc  Hi-Z  Hi-Z / ADC  

Y-Coordinate  Hi-Z  Hi-Z / ADC  Gnd  Vcc  

Table 1 Touch Screen Terminals’ Connections 
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Figure 9 The JHD12864E Graphical LCD 

 

Table 2 Pin Description 



28 

4.2.3 Setting up the LCD and turning it ON 

In order for the LCD to power up, the following connections should be made. 

Pin No. Symbol Input/ Output Typical Value 

1 Vss Input 0V 

2 Vdd Input +5V 

3 Vo Input More negative than -3.5V 

18 Vee Output -10V 

19 LED+ Input 5V 

20 LED- Input 0V 

Table 3 GLCD initial settings 

As mentioned in Table 3, pin3 (Vo) of GLCD is used for contrast adjustment. The voltage 

on this pins should be more negative than -3.5V for blue version of GLCD and more 

negative than -7.5V for the green version. Hence the pins should be connected as 

illustrated in Figure 4.8 below. 

 

Figure 10 Pin connections for GLCD to work 

Pin18 generates -10V as an output and it must be run through a trimpot (or voltage divider) 

and fed into Pin 3. This provides the differential voltage of Vdd-Vo which must be above 

the threshold mentioned above. Adjusting this value adjusts the contrast but the Pins must 

be connected in this way in order for the image to be seen on the screen (if it isn’t there is 

essentially no contrast and nothing will be displayed). 

4.2.4 Data transfer 

There are 8 data bits that provide a number of functions in the operation of the LCD.  They 

are the main information carriers to the LCD.  They are located on Pins 4 - 11 with Pin 4 

assigned to Data Bit 0 and Pin 11 assigned to Data Bit 7. The pixel information to be 

10k Trimpot 

(Adjusts contrast) 
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displayed, commands that are given to the GLCD and the data that is read from the GLCD 

display RAM, all are transferred through these 8 pins. These 8 pins should be connected to 

an 8 bit port of the microcontroller. 

4.2.5 Control bits 

The KS0108 Graphical LCD is divided into two sections- left and right. Each section is 

controlled by a separate on-chip controller. This particular configuration makes it difficult 

to write to the GLCD and creates a lot of problems which are explained later. 

The JHD12864E has 6 control bits which are used to control the operation of the KS0108 

hardware drivers and display data on the LCD.  The function of each pin is listed in Table 

4 below. 

Pin # Symbol Description Function 

4 D/I 
Data/Instructio

n 

It tells  the LCD whether data or command is being 

written  to  the GLCD by the MCU- 

Set high for data transfer, 

Set low to designate an instruction is being performed 

5 R/W Read/Write  

Selects  whether the MCU wants to read from or write 

to the GLCD– 

Set high to read from the LCD to the MCU,  

Set low to write from the MCU to the LCD 

6 E Enable 

The enable is used to clock operations to the LCD – it  

ends  up  being  the  clock  of  the LCD  and when  it  

clocks, sequential instructions are performed 

15 CS1 Chip Select 1 
Selects the left KS0108 driver which is also left half of 

the screen 

16 CS2 Chip Select 1 
Selects the left KS0108 driver which is also left half of 

the screen 

17 RST Reset Set low to reset the display, high otherwise 

Table 4 Control bits Pin assignments 

After knowing about the function of each control bit next thing to look at is the timing of 

these signals required. The following timing diagrams (Figures 11 and 12) explain the 

order in which the signals need to be given and the details of the timing are given in detail 

in the JHD12864E datasheet in the Appendix.  
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Figure 11 Write operation timing diagram 

 

 

Figure 12 Read operation timing diagram 

The most important parameter in the GLCD timing is tWL, tWH and tC. In the datasheet,  tWL= 

tWH = 450ns. But the practical value was found to be 600ns by trial and error. Such strict 

timing should not (or cannot) be implemented in ‘C’. It should be done in assembly 

language with NOP instruction which is available in all MCUs. If the tWL, tWH values are 

less than 600ns, the GLCD is obviously not able to respond and nothing or garbage values 

will be displayed. They can be more than 600ns but they should not very high (i.e. in few 

ms) otherwise the GLCD response gets sluggish which is never desired. 
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4.2.6 How the Input Bits translate into what is on the Screen 

In order to place any information on the screen, it is important to understand how the bits 

control what is on the screen.  There are 8192 pixels on a 128 X 64 pixel screen and each 

pixel is controlled by a series of instructions. Figure 13 and Figure 14 show how the screen 

is broken down into its X and Y axes. Figure 13 shows the left half of the screen (if CS1 is 

1 and CS2 is 0). The Y address refers to which line the pixels should be written to and the 

X page sets the column to which they will be written to.  Please see the Appendix for how 

to set the Y address and X page functions, but there are three basic steps that must be done 

in order to determine where the pixels will go. First, the Y address must be set.  The Y 

address actually has a counter so it need only be set once and then every time when there is 

a data write or data read, it will be incremented to the next column.  This allows the driver 

to scan through the lines and display the proper data.  The next step that must be completed 

is setting the X page.  This determines which column of the screen will now be written to. 

The third step is issuing a data write command. Whatever data bits are high will be 

darkened on the Y address line in the X page as is illustrated in Figure 14. The driver scans 

through the pages, using the internal Y address counter to its advantage and resetting the X 

page (and eventually the CS) as it scans through the lines. Figures 13 and 14 are added to 

this section because they do a much better job of explaining what is going on pixel by pixel 

on the screen than do any of the data sheets that you may see. One very important thing to 

note is that the X and Y axes are reversed from what they usually would be. It might have 

something to do with how the two KS0108 controllers are connected. Every 128 x 64 

graphical LCD is arranged in this way even if it is not controlled by the KS0108. So it is 

the convention. 

To reiterate, to select which bit on the screen will be effected: 

� Set Y address 

� Set the X page 

� Write data to or read data from the 8 bits DB7-DB0. 

The  process  of  selecting where  on  the  screen  the  bit  is  going  to  go  is  just  a 

narrowing process.  CS1 and CS2 narrow it down to half the screen.  Y address narrows it 
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down to a 1 bit wide stripe of height 64 in that half of the screen.  X page picks an 8 bit 

chunk of this 64 bit stripe and data is written to or read from that chunk in 8 bits.  This is 

the essence of putting bits on the screen. 

As shown in Figure 13, the Y – address determines what Y line the pixels will be placed 

on, the X page determines which of the eight vertical 8 pixel strips the pixels will be 

placed on and the Data bits of the write data instruction will be the places across the X 

page on the specified Y line. 

Figure 14 shows a zoomed version of Figure 4.11. It also gives an example of how a pixel 

is written. If the Y address is set to 35, X page is set to 0, and a data write instruction is 

given with PORTx = (10101010)2, then the pixels in those locations will be dark. Now if 

without changing X page & Y address another data write is done, then it will come on the 

next column (Y=36) due to the internal Y address counter which increments after every 

data read or write instruction. 

Figure 13 GLCD left half (or right half) divided into X pages and Y columns 



33 

 

Figure 14 Writing data to GLCD in pixels 

4.2.7 Functions implemented 

To help in using the GLCD for generating the user interface, various functions are made. 

These functions together make the GLCD library KS0108.h (given in the software copy). 

Here the basic working of each function is explained in brief with respect to its use in the 

project. Some instructions are also listed in between which form the main part of that 

function. The working of these instructions can be understood by referring to the 

instruction set of JHD12864E GLCD provided in its datasheet and the transmitter code 

given in the Appendix. 

Note: LCD_DATA is the I/O port of the MCU where the data port of GLCD is connected. 
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• glcd_enable() 

This function toggles the ENABLE pin of GLCD so that the GLCD accepts the data on its 

data pins. It basically provides the clock signal as shown in Figure 4.3 and 4.4 for any 

instruction to trigger. Hence it is needed after every instruction where the GLCD needs to 

accept data or return data on its data pins. 

• glcd_setside(side) 

If the variable ‘side’ = 0, left half of the screen is selected by assigning CS1 = 1 and CS2 = 

0. If ‘side’ = 1, right half of the screen is selected by assigning CS1 = 0 and CS2 = 1.  

• glcd_setpage(page) 

It selects the X page from page 0 to page 7 where the 8-bit pixel data will be written or 

read from. The selection is done depending on the parameter ‘page’ passed to it. DI and 

RW must be made low before writing the following instruction: 

LCD_DATA = 0b10111000 | page; 

• glcd_sety(y) 

Once the left half or right half of the screen is selected using glcd_setside(), this function 

then selects the Y address in that half. The parameter passed ‘y’ varies from 0 to 63 and is 

used to set the Y address. DI and RW must be made low before writing the following 

instruction: 

LCD_DATA = 0b01000000 | (y & 0b00111111); 

• glcd_command (command) 

This is the basic function used to issue commands to the GLCD. To give command, the 

function is called and the hexadecimal value of the command is passed as parameter. The 

command value can be selected from the instruction set of the GLCD.  

In this function DI and RW are made low and the ‘command’ is outputted to the data pins 

of the GLCD as shown: 

LCD_DATA = command;  

• glcd_init() 

This function initializes the GLCD. The steps involved in initializing are: 

o Reset the GLCD by pulling RESET pin of GLCD low and making it high again 

after some delay. 
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o Set the display data RAM’s start line i.e. select the start line of the data RAM from 

0 to 63. 

o Set Y address to 0. 

o Set X page to 0. 

o Turn ON the display RAM. 

The instructions are given using the glcd_command() function explained previously. 

• glcd_gotoxy(x, y) 

In the project, there is a frequent need to move around the GLCD screen for plotting the 

points drawn by the user on the touch screen. This function is used to select the left or right 

half of the screen depending on ‘y’ value, set the Y address using ‘y’ value passed to it and 

the X page using the ‘x’ value passed to it. The parameter ‘y’ should be from 0 to 127 and 

‘x’ from 0 to 63. The above steps are implemented using glcd_setside(), glcd_sety() and 

glcd_setpage() functions explained earlier. This function eases the repeated setting of x and 

y pixels on the GLCD while plotting points or while writing text or image on the screen.  

• glcd_write (data) 

This function writes a particular byte to the screen. The position on the screen where the 

data is to be displayed must be set previously using glcd_gotoxy(). DI is made high and 

RW low and then the ‘data’ to be written is outputted on the data pins of the GLCD as 

shown: 

LCD_DATA = data; 

For example, if we need to write 0x0A a point on (24, 37). First glcd_gotoxy(24, 37) must 

be called and then glcd_write(0x0A). It is that simple. 

• glcd_read() 

It may be required to read what is currently being displayed on the GLCD. This function is 

used to read data from a location on the GLCD. For using this function, first use 

glcd_gotoxy(x, y) to point to the location from where data is to be read, then call 

glcd_read(). It will return the hexadecimal value of the data from the display RAM of the 

GLCD at the location (x, y). 

• glcd_puts(*text, x, y) 

Many times it will be required to display normal text on the Graphical LCD. For this 

purpose, the graphical pattern of all the text characters in lower and upper casre including 
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special characters and numbers are stored in an array in the flash memory of the MCU as 

constants. Using glcd_puts() this the particular character from the array can be picked up 

and displayed on the GLCD starting from the point (x,y). ‘text’ is a pointer to the string of 

characters that are to be displayed. 

For example, if we need to write the string “Touch Control” starting from (0, 0) on the 

GLCD, the code should be: 

str[]=“Touch Control”; 

glcd_puts(str,0,0); 

• glcd_iputs() 

This function is exactly identical to glcd_puts() with the only exception that it displays the 

complement of the text. It gives the effect of that text being highlighted. 

• glcd_putdot(x, y, color) 

In the project, it is required to plot or clear individual pixels corresponding to the point on 

the touch screen where the user touches. For this, we first need to read data that is currently 

being displayed at the point (x, y) from the GLCD. If color = 1 then OR the read data with 

the shifted version of ‘1’ to plot the point on the correct x location. If color = 0 then AND 

the read data with the complement of the shifted version of ‘1’. Finally write the result 

back to the same (x, y) point. This will plot or clear a single pixel on the screen. 

One thing to note here is that once the glcd_read() is called, the on-chip y counter on 

GLCD gets incremented automatically. So if you directly write some data, it will be 

displayed on the next column (Y address). To write data on the same location from the data 

is read, we need to decrement the Y address counter by using glcd_sety() or glcd_gotoxy() 

and set the previous Y address again. 

• glcd_fill(fill_data) 

This function is used to fill the entire screen with the pattern defined by ‘fill_data’. It can 

be used to clear the entire screen by simply calling glcd_fill(0x00). 

• glcd_rect() 

The GLCD screen needs to be divided into two parts. One part for a menu where various 

commands like ‘Survey’, ‘Send data’ and ‘Clear screen’ will be displayed. The second part 

needs to be an active area where the user will actually draw the path that needs to be 
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followed by the surveillance vehicle. This active area is displayed using a blank rectangle. 

This rectangle is plotted using the glcd_rect() function. 

• glcd_img() 

This function is used to plot an image on the GLCD. Initially we kept it general for 

plotting a 128x64 pixel image on the entire screen. Later it was found that such case of 

displaying an image on the entire is not encountered at all. So we customized it to our need 

and made it to plot a 128x8 pixel image on the first line of the GLCD screen. This 

provided our GUI menu. The 128x8 pixel image is stored in the flash memory of the 

MCU. 

4.3 Temperature Sensor 

Dallas semiconductors sensor DS18B20 was used to accurately measure the temperature of 

the area to be monitored. Its pinout diagram is shown in Figure 15. 

 

Figure 15 DALLAS 18b20 Temperature Sensor Pinout 

4.3.1 Working 

It is based on 1-Wire interface that basically requires just one port of the microcontroller 

for communication. It does not require any extra supply and can be powered from the data 

line (3- 5.5V). Each Device has a Unique 64-Bit Serial Code Stored in an On-Board ROM 

thus making it possible to interface many such devices on a single port pin. 
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Figure 16 Data format as sent by DS18b20 

The least significant 8 bits of the ROM code contain the DS18B20’s 1-Wire family code: 

28h. The next 48 bits contain a unique serial number.  

The most significant 8 bits contain a cyclic redundancy check (CRC) byte that is calculated 

from the first 56 bits of the ROM code. The CRCs provide the bus master with a method of 

data validation when data is read from the DS18B20.  

To verify that data has been read correctly, the bus master must re-calculate the CRC from 

the received data and then compare this value to either the ROM code CRC (for ROM 

reads) or to the scratchpad CRC. If the calculated CRC matches the read CRC, the data has 

been received error free. The equivalent polynomial function of the CRC (ROM or 

scratchpad) is: 

CRC = X8 + X5 + X4 + 1. 

The DS18B20 digital thermometer provides 9-bit to 12-bit Celsius temperature 

measurements. It has an operating temperature range of -55°C to +125°C and is accurate to 

±0.5°C over the range of -10°C to +85°C.  

4.3.2 Hardware Configuration 

The 1-Wire bus has by definition only a single data line. Each device (master or slave) 

interfaces to the data line though an open-drain or 3-state port. This allows each device to 

tristate the data line when the device is not transmitting data so then the bus will be 

available for use by another device. The 1-Wire port of the DS18B20 (DQ pin) is open 

drain with an internal circuit that is interfaced to the microcontroller as shown in Figure 

4.15 below:  
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Figure 17 Temperature sensor MCU interface 

The 1-Wire bus requires an external pull-up resistor of around 5kΩ; so the idle state for the 

1-Wire bus is high. The program code for interface with AVR MCU ATmega32 is given in 

the software copy of the report. 

4.4 Real Time Clock (RTC) 

MAXIM DS1307 was used. The DS1307 serial real-time clock (RTC) is a low-power, full 

binary-coded decimal (BCD) clock/calendar plus 56 bytes of NV SRAM. Address and data 

are transferred serially through an I²C, bidirectional bus. The clock/calendar provides 

seconds, minutes, hours, day, date, month, and year information. The end of the month 

date is automatically adjusted for months with fewer than 31 days, including corrections 

for leap year. The clock operates in either the 24-hour or 12-hour format with AM/PM 

indicator. The DS1307 has a built-in power-sense circuit that detects power failures and 

automatically switches to the backup supply. Timekeeping operation continues while the 

part operates from the backup supply. 
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Figure 18 RTC DS1307 Block Diagram 

 

Figure 19 Circuit Diagram for RTC 

It has 8 read/write registers that store the following information: 

Address Register function 

0 Seconds 0-59 

1 Minutes 0-59 

2 Hours 0-24,1-12 

3 Day 1-7 

4 Date 1-31 

5 Month 1-12 

6 Year 0-99 

7 Control 

Table 5 RTC Internal Register Content 
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I²C Communication 

The I²C is a serial protocol that is meant for short distances and it has the advantage over 

other protocols in terms of its complexity and cost. It’s an acronym for inter-integrated 

communication. Alongside is shown the basic interface between the RTC and the 

Microcontroller. It’s a bidirectional synchronous bus. The data is clocked wherein the 

clock controls the timing of data being changed and also the time when it should be read. 

The data transfer takes place when the line SCL is logic high i.e. when SCL=1; the serial 

data line (SDA) has valid data. The data changes during low clock. Basically it’s a master-

slave protocol. Here as we can see from the figure, the master device controls the clock i.e. 

the SCL line. The RTC can hold the clock low to prevent the data transfer. The SCL and 

SDA lines are open collector outputs thus requiring a pull-up Resistor Rpu for the RTC to 

be operational.  

4.5 Microcontroller 

AVR microcontrollers are selected for the project. AVR ATmega16 and ATmega32 are 

similar in all respects except for the flash memory size which is 16kB in ATmega16 and 

32kB in ATmega32 (hence the names). So we will discuss ATmega32 in detail. Its 

features, interface and hardware connection details are as given below. 

4.5.1 Overview 

The ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced 

RISC architecture. By executing powerful instructions in a single clock cycle, the 

ATmega32 achieves throughputs approaching 1 MIPS per MHz allowing the system 

designer to optimize power consumption versus processing speed. 

4.5.2 Features 

Memory 

Flash Memory 32 kB 

EEPROM Data Memory 1024 Bytes 

SRAM Data Memory 2048 Bytes 

General Purpose Registers (Accumulators) 32 
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MCU Specific 

Clock Frequency 0 - 16 MHz 

Supply Voltage 4.5 - 5.5 V 

Sleep Modes 6  

Hardware Multiplier Yes 

I/O Pins 32  

On Chip Oscillator Yes 

Interrupts 19  

Interrupts, External pins 3  

Brown-out Detection Yes 

Power-on Reset Yes 

Fully Static Operation Yes 

On-Chip Debug support via JTAG port Yes 

IEEE 1149.1 (JTAG) Boundary Scan Yes 

Timers / Counters 

Timer/Counters (8-bit) 2  

Watchdog Timer with On-chip Oscillator Yes 

Real Time Counter Yes 

Timer/Counters (16-bit) 1  

Pulse Width Modulator 4 channels 

Analog I/O 

Analog Comparator Yes 

Analog-to-Digital Converter (10-bit) 8 channels 

Analog Gain Stage 2 channels 

Serial I/O 

Full Duplex Serial Peripheral Interface (SPI) Yes 

2-wire Serial Interface (I2C compatible) Yes 

Full Duplex USART 1 

 



43 

Programming Modes 

In-System Programming via SPI Port Yes 

High Voltage Parallel Programming (12V) Yes 

Self-Programming via on-chip Boot Program Yes 

In-System Programming via JTAG port Yes 

Table 6 ATmega16/32 features 

4.5.3 Interface 

In this section we will see the specific information about each of the features listed above 

and how to use them with the programming software CodevisionAVR.  

4.5.3.1 I/O Ports 

ATmega32 has four 8-bit bidirectional I/O ports viz. PORT A to PORT D. All AVR ports 

are bit addressable. This means that the direction of one port pin can be changed without 

unintentionally changing the direction of any other pin. The same applies when changing 

drive value (if configured as output) or enabling/disabling of pull-up resistors (if 

configured as input). Each output buffer has symmetrical drive characteristics with both 

high sink and source capability. The pin driver is strong enough to drive LED displays 

directly. All port pins have individually selectable pull-up resistors with a supply-voltage 

invariant resistance. All I/O pins have protection diodes to both VCC and Ground as 

indicated in Figure 20. 

 

Figure 20 I/O Pin Equivalent Schematic 
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All registers and bit references in this section are written in general form. A lower case ‘x’ 

represents the numbering letter for the port, and a lower case ‘n’ represents the bit number. 

However, when using the register or bit defines in a program, the precise form must be 

used. i.e., PORTB.3 for bit no. 3 in Port B, here documented generally as PORTx.n. 

Three I/O memory address locations are allocated for each port, one each for the Data 

Register – PORTx, Data Direction Register – DDRx, and the Port Input Register– PINx. 

The individual pins of these ports can be accessed as PORTx.n, DDRx.n and PINx.n 

respectively. The Port Input Register I/O location is read only, while the Data Register and 

the Data Direction Register are read/write. 

The DDRx.n bit in the DDRx Register selects the direction of this pin. If DDRx.n is 

written logic one, Px.n pin is configured as an output pin. If DDRx.n is written logic zero, 

Px.n is configured as an input pin. 

If the pin is configured as an input pin and PORTx.n is written logic one, the pull-up 

resistor is activated. To switch the pull-up resistor off, PORTx.n has to be written logic 

zero. The port pins are tri-stated when a reset condition becomes active, even if no clocks 

are running. The logical value at the input pin is reflected in the PINx.n register bit from 

where it can be read. C code example: 

unsigned char i;  

... 

DDRA=0x00;  //Port A as input   

i = PINA;  //read input at port A into variable ‘input’ 

If the pin is configured as an output pin, logic one or zero can be outputted from it by 

writing the corresponding value to PORTx.n register. C code example: 

unsigned char i=0xA0;  

... 

DDRA = 0xFF;//Port A as input   

PORTA = i;  //output value of ‘i’ to port A 
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Table 7 summarizes all the above information. 

DDRx.n PORTx.n I/O Pull-up Comment 

0 0 Input No Tristate (Hi-Z) 

0 1 Input Yes Px.n will source current if ext. pulled low 

1 0 Output No Output Low (sink) 

1 1 Output No Output High (source) 

Table 7 Port Pin Configurations 

Alternate Port Functions  

In addition to general digital input/output the port pins of AVR have alternate functions. 

The detailed information of how to select these functions and their uses is explained in the 

datasheet of ATmega16/32.  

4.5.3.2 Analog to Digital Converter (ADC) 

Some of the many features of the on-chip ADC are: 

• 10-bit Resolution 

• 0.5 LSB Integral Non-linearity 

• ±2 LSB Absolute Accuracy 

• 13 - 260 µs Conversion Time 

• Up to 15 kSPS at Maximum Resolution 

• 8 Multiplexed Single Ended Input Channels 

• Optional Left adjustment for ADC Result Readout 

• 0 - VCC ADC Input Voltage Range 

• Selectable 2.56V ADC Reference Voltage 

• Interrupt on ADC Conversion Complete 

The ATmega16 features a 10-bit successive approximation ADC. The ADC is connected 

to an 8-channel Analog Multiplexer which allows 8 single-ended voltage inputs 

constructed from the pins of Port A. The ADC contains a Sample and Hold circuit which 

ensures that the input voltage to the ADC is held at a constant level during conversion. The 

ADC has a separate analog supply voltage pin, AVCC. AVCC must not differ more than 

±0.3 V from VCC. The reference voltage of ADC is also available as an external pin AREF. 
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It is the maximum voltage that the ADC can convert to digital. So it is normally connected 

to Vcc. 

The ADC converts an analog input voltage to a 10-bit digital value through successive 

approximation. The minimum value represents GND and the maximum value represents 

the voltage on the AREF pin minus 1 LSB. The analog input channel and differential gain 

are selected by writing to the MUX bits in ADMUX. The ADC is enabled by setting the 

ADC Enable bit, ADEN in ADCSRA. The ADC generates a 10-bit result which is 

presented in the ADC Data Registers, ADCH and ADCL. By default, the result is 

presented right adjusted, but can optionally be presented left adjusted by setting the 

ADLAR bit in ADMUX. If the result is left adjusted and no more than 8-bit precision is 

required, it is sufficient to read ADCH. The ADC has its own interrupt which can be 

triggered when a conversion completes. A single conversion is started by writing a logical 

one to the ADC Start Conversion bit, ADSC. This bit stays high as long as the conversion 

is in progress and will be cleared by hardware when the conversion is completed. By 

default, the successive approximation circuitry requires an input clock frequency between 

50 kHz and 200 kHz to get maximum resolution. The ADC module contains a prescaler, 

which generates an acceptable ADC clock frequency from any CPU frequency above 100 

kHz. The prescaling is set by the ADPS bits in ADCSRA. The conversion times of ADC 

are as shown in Table 4.8 below. 

 

Table 8 ADC Conversion Times 

After the conversion is complete (ADIF is high), the conversion result can be found in the 

ADC Result Registers (ADCL, ADCH). The result is ADC = VIN * 1024 / VREF, where VIN 

is the voltage on the selected input pin and VREF the selected voltage reference. 
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Codevision AVR helps a lot while configuring the above settings. The Codewizard 

included in Codevision AVR allows one to set the ADC parameters in a GUI & generates 

the code automatically. If ADC interrupt is not used, the ADC value of an analog signal 

connected on port pin A.n can be read by using a simple function call, 

a = read_adc(n); 

This will start the ADC, convert the analog value into digital and return the digital value. It 

will then be stored into variable ‘a’. This simplifies the code a lot. 

4.5.3.3 UART 

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) 

is a highly flexible serial communication device. It supports synchronous data transfer 

also, but it was not used as the communication in our case was wireless. The main features 

of UART are: 

• Full Duplex Operation (Independent Serial Receive and Transmit Registers) 

• Asynchronous or Synchronous Operation 

• High Resolution Baud Rate Generator 

• Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits 

• Odd or Even Parity Generation and Parity Check Supported by Hardware 

• Data OverRun Detection 

• Noise Filtering Includes False Start Bit Detection and Digital Low Pass Filter 

• Three Separate Interrupts on TX Complete, TX Data Register Empty, and RX Complete 

• Double Speed Asynchronous Communication Mode 

In the project, 8 bit UART with 2400 baud, no parity, 1 start and 1 stop bit was used. The 

receiver is kept interrupt driven while the transmitter is not. 

Codevision AVR provides libraries for data transmission and reception. If one wants to 

transmit just use the printf() function as is done in normal ‘C’ language. If one wants to 

receive data use scanf() or getchar() functions. Some sample code from the final code 

using UART is as shown below: 

i) printf("b"); 

  for(i=0;i<100;i++) 

      printf("s%04d,%03d\n",data1[i],data[i]*3); 
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This code transmits the distance and angle values from the transmitter to receiver, starting 

with a character “b”. 

ii) printf("r"); 

  for(i=0;i<14;i++) 

      survey_data[i]=getchar(); 

This code transmits the character “r” and waits for the surveillance data from the receiver. 

4.5.3.4 1-wire protocol 

The Codevision AVR provides library for 1-wire communication for interfacing the 

temperature sensor DS18b20. This helps in getting the temperature data from the receiver. 

The details of the protocol are explained in the temperature sensor implementation in 

section 4.3. 

4.5.3.5 I
2
C communication 

The Codevision AVR also provides library for I
2
C communication for interfacing the Real 

Time Clock (RTC) DS1307. The details of the protocol are explained in the RTC 

implementation in section 4.4. 

4.6 Mouse 

In the autonomous free running mode it was needed to get the coordinates of the path 

followed by the surveillance vehicle. First it was thought to use the wall hugging algorithm 

in which the microcontroller was to do the calculations depending on the position of the 

vehicle. This caused large amount of floating point calculations and huge code size due to 

the inclusion of the math library files and hence another method to achieve this purpose 

was to be thought of. Since the mouse which is connected to the house-hold personal 

computers serve the purpose of sending the coordinates to the computer, it seemed a better 

match for our purpose. The Computer PS/2 mouse uses a standard protocol for 

communication with the host device, and hence it was easy to interface one. The standard 

PS/2 mouse supports X movement, Y movement and 3 buttons. For the surveillance only 

the X and Y movements were necessary. The microcontroller can handle the wall hugging 
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scheme while the mouse can calculate the coordinates and send them, thus reducing the 

main CPU load.  

4.6.1 Mouse Interface using PS/2 Protocol 

Standard PS/2 mouse has 4 terminals Power (+5v), Ground, data and clock. The mouse 

could be directly connected to the microcontroller without any buffer since its absolute 

ratings were within the ratings of the microcontroller. 

Symbol Parameter Min Typ Max Units 

Vcc Supply Voltage +4.5 +5.0 +5.5 V 

Imax Supply Current -- -- 275 mA 

Table 9 Absolute maximum ratings 

4.6.2 Description 

The PS/2 protocol is a bidirectional synchronous serial protocol. The data bus is idle when both 

lines are pulled up. This is the only state when the device is allowed to transmit data to the host. 

The host has control over the bus throughout the communication and can inhibit the 

communication at any point of the time. The device always generates the clock; all transactions are 

done in synchronization with this clock. When the host wants to send data to the device, it inhibits 

the line by pulling the clock down for a certain period of time. This is known as “request-to-send” 

state and signals the device to start generating the clock. A summary of the various bus states is as 

shown in Table 10.  

data clock State 

low low Communication inhibited 

low high Host request-to-send 

high low Communication inhibited 

high high Idle 

Table 10 Summary of Bus states 

Data is transmitted one byte at a time and each byte is sent in a frame consisting of 11-12 

bits. These bits are: 
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� 1 start bit. This is always 0. 

� 8 data bits, least significant bit first. 

� 1 parity bit (odd parity). 

� 1 stop bit. This is always 1. 

� 1 acknowledge bit (host-to-device communication only) 

4.6.3 Communication: Device-to-Host 

The Data and Clock lines are both open collector. A resistor is connected between each 

line and +5V, so the idle state of the bus is high. When the keyboard or mouse wants to 

send information, it first checks the Clock line to make sure it's at a high logic level. If it's 

not, the host is inhibiting communication and the device must buffer any to-be-sent data 

until the host releases Clock. The Clock line must be continuously high for at least 50 

microseconds before the device can begin to transmit its data. 

The mouse writes a bit on the Data line when Clock is high, and it is read by the host when 

Clock is low. Figures 21 and 22 illustrate this. 

 

Figure 21 Device-to-host Communication 

The clock frequency is 10-16.7 kHz. The time from the rising edge of a clock pulse to a 

Data transition must be at least 5 microseconds. The time from a data transition to the 

falling edge of a clock pulse must be at least 5 microseconds and no greater than 25 

microseconds. 

The host may inhibit communication at any time by pulling the Clock line low for at least 

100 microseconds. If a transmission is inhibited before the 11th clock pulse, the device 

must abort the current transmission and prepare to retransmit the current "chunk" of data 

when host releases Clock. A "chunk" of data could be the device ID, mouse movement 

packet, etc.  
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If the host pulls clock low before the first high-to-low clock transition, or after the falling 

edge of the last clock pulse, mouse does not need to retransmit any data. However, if new 

data is created that needs to be transmitted, it will have to be buffered until the host 

releases Clock.  

4.6.4 Communication: Host-to-Device 

The parity used is odd parity and is used for error detection. Data sent from the device to 

the host is read on the falling edge of the clock signal; data sent from the host to the device 

is read on the rising edge. The clock frequency must be in the range 10 - 16.7 kHz. This 

means clock must be high for 30 - 50 microseconds and low for 30 - 50 microseconds. 

The packet is sent a little differently in host-to-device communication. 

First of all, the PS/2 device always generates the clock signal. If the host wants to send 

data, it must first put the Clock and Data lines in a "Request-to-send" state as follows: 

� Inhibit communication by pulling Clock low for at least 100 microseconds. 

� Apply "Request-to-send" by pulling Data low, then release Clock. 

The device should check for this state at intervals not to exceed 10 milliseconds. When the 

device detects this state, it will begin generating Clock signals and clock in eight data bits 

and one stop bit. The host changes the Data line only when the Clock line is low, and data 

is read by the device when Clock is high. This is opposite of what occurs in device-to-host 

communication. 

After the stop bit is received, the device will acknowledge the received byte by bringing 

the Data line low and generating one last clock pulse. If the host does not release the Data 

line after the 11th clock pulse, the device will continue to generate clock pulses until the 

Data line is released (the device will then generate an error.) 

The host may abort transmission at time before the 11th clock pulse (acknowledge bit) by 

holding Clock low for at least 100 microseconds. 

To make this process a little easier to understand, here's the steps the host must follow to 

send data to a PS/2 device: 
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1. Bring the Clock line low for at least 100 microseconds. 

2. Bring the Data line low. 

3. Release the Clock line. 

4. Wait for the device to bring the Clock line low. 

5. Set/reset the Data line to send the first data bit. 

6. Wait for the device to bring Clock high. 

7. Wait for the device to bring Clock low. 

8. Repeat steps 5-7 for the other seven data bits and the parity bit. 

9. Release the Data line. 

10. Wait for the device to bring Data low. 

11. Wait for the device to bring Clock low. 

12. Wait for the device to release Data and Clock. 

Figure 22 shows this graphically and Figure 23 separates the timing to show which signals 

are generated by the host, and which are generated by the PS/2 device. Notice the change 

in timing for the "ACK" bit--the data transition occurs when the Clock line is high (rather 

than when it is low as is the case for the other 11 bits.). Referring to Figure 22, there are 

two time quantities the host looks for : 

(a) The time it takes the device to begin generating clock pulses after the host initially 

takes the Clock line low, which must be no greater than 15 ms. (b) The time it takes for the 

packet to be sent, which must be no greater than 2ms. If either of these time limits is not 

met, the host should generate an error. Immediately after the "ACK" is received, the host 

may bring the Clock line low to inhibit communication while it processes data. 

 

Figure 22 Host-to-Device Communication 
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Figure 23 Detailed Host-to-Device Communication. 

If the command sent by the host requires a response, that response must be received no 

later than 20 ms after the host releases the Clock line. If this does not happen, the host 

generates an error. 

4.6.5 Mouse Hardware Interface 

The mouse is connected to the microcontroller as shown in the Figure 24. The mouse can 

operate in four different modes. Data reporting is handled according to the mode in which 

the mouse is operating. There are four modes of operation: 

� Reset - The initial mode, in which the mouse performs initialization and self-

diagnostics. 

� Stream - The default operating mode, in which the mouse issues movement data 

packets when movement occurs or button state changes. 

� Remote - The host must poll for movement data packets. 

� Wrap - A purely diagnostic mode where the mouse echoes every received packet back 

to the host. 
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Figure 24 Mouse Interface 

Since in the project continuous stream of coordinates is not needed, the remote mode was 

used. A set of functions were made in C to communicate with the mouse. These include 

sendmouse(data): This function sends the data to the mouse. 

getmouse(): This function gets the data from the mouse. 

mouse_init(): Initializes the mouse. 

getpacket(): Gets data packet from the mouse i.e. the x movement byte, y movement byte 

and the status byte. 

setremote(): Sets the mouse in remote mode of operation. 

Using these functions and the mouse command set the communication with the mouse is 

achieved. The mouse command set is listed in Appendix-B. 

4.7. Stepper Motors Interfacing 

4.7.1. Stepper Motors 

The stepper motors are rated to operate at 12V, 300mA with 1.8° per step which means 

that it will take 200 steps to complete one revolution. The schematic below shows the 
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hardware interfacing for the stepper motors. L293D is used to drive the bipolar stepper 

motors. 

 

Figure 25 Stepper Motor Hardware 

Here inputs to the L293D (i.e. DirA1 to DirB2) is generated through software in the 

receiver section of the hardware circuitry. Two-phase stepping sequence has been 

employed to provide high torque .Basically the L293D contains two H-bridges to drive the 

stepper motors. One L293D can drive one bi-polar stepper motor.  

4.8 RF Modules 

4.8.1 RF Transmitter 

The transmitter is ideal for remote control applications where low 

cost and longer range is required. The transmitter operates from a 

1.5-12V supply and drawing about 11mA current at 3V, making it 

ideal for battery-powered applications. The transmitter employs a 

SAW-stabilized oscillator, ensuring accurate frequency control for 

best range performance. The oscillator start-up time is of the order of 

40uSec, which limits the maximum data rate to 4.8 Kbit/sec (4800 

BAUD). Our prototype is communicating at 2400 BAUD.                    Figure 26 

Transmitter Module 
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OOK 

OOK (On off Keying) modulation is a binary form of amplitude modulation. When a 

logical 0 is being sent, the transmitter is off, fully suppressing the carrier. In this state, the 

transmitter current is very low, less than 1mA. When a logical 1 is being sent, the module 

current consumption is at its highest, about 11mA with a 3V power supply. 

OOK is the modulation method of choice for remote control applications where power 

consumption and cost are the primary factors. OOK transmitters draw no power when they 

transmit a 0; they significantly show better power consumption than FSK transmitters. 

SAW Stabilized Oscillator 

The transmitter is basically a negative resistance LC oscillator whose center frequency is 

controlled by a SAW resonator. SAW (Surface Acoustic Wave) resonators are fundamental 

frequency devices that resonate at frequencies much higher than crystals. Basically they 

offer better stability as opposed to LC oscillators alone. 

4.8.2 RF Receiver 

The Receiver is ideal for short-range remote control applications where cost is a primary 

concern. The receiver module requires no external RF components except for the antenna. 

It is designed to operate at 5V. STR433 is designed for continuous duty operation. From 

the time power is applied, it can take up to 750mSec for the data output to become valid. 

Its current drain is around 3.5mA at 5V.The super-regenerative design exhibits exceptional 

sensitivity at a very low cost. However the VCC pin needs to be bypassed by a 100nF to 

minimize transients in power supply and thus reducing the noise added to the system. 

 

 

Figure 27 Receiver Module 
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Super-Regenerative AM Detection 

The Receiver uses a super-regenerative AM detector to demodulate the incoming AM 

carrier. A super regenerative detector is a gain stage with positive feedback greater than 

unity so that it oscillates. An RC-time constant is included in the gain stage so that when 

the gain stage oscillates, the gain will be lowered over time proportional to the RC time 

constant until the oscillation eventually dies. When the oscillation dies, the current draw of 

the gain stage decreases, charging the RC circuit, increasing the gain, and ultimately the 

oscillation starts again. In this way, the oscillation of the gain stage is turned on and off at 

a rate set by the RC time constant. This rate is super-audible but much lower than the main 

oscillation rate.  

Detection is accomplished by measuring the emitter current of the gain stage. Any RF 

input signal at the frequency of the main oscillation will aid the main oscillation in 

restarting. If the amplitude of the RF input increases, the main oscillation will stay on for a 

longer period of time, and the emitter current will be higher. The original base-band signal 

can be detected by subjecting the emitter current waveform to a low pass filter. The 

average emitter current is not very linear as a function of the RF input level. It exhibits an 

inverse logarithmic response because of the exponentially rising nature of oscillator start-

up. The steep slope of a logarithm near zero results in high sensitivity to small input 

signals. 

Data Slicer 

The data slicer converts the base-band analog signal from the super-regenerative detector 

to a CMOS/TTL compatible output. Because the data slicer is AC coupled to the audio 

output, there is a minimum data rate. AC coupling also limits the minimum and maximum 

pulse width. Typically, data is encoded on the transmit side using pulse-width modulation 

(PWM) or non-return-to-zero (NRZ). 
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Chapter 5 

Communication and Control 

Communication and motor control deals with the background working of the project. This 

chapter basically deals with the aspects of wireless communication, motor control and 

background math involved. 

5.1 Background Math 

Data from the touch screen was to be sent wirelessly to the receiver vehicle. An efficient 

way was to be formulated for this purpose. The coordinates from the touch screen are in 

the rectangular coordinate system. Since stepper motors are used at the receiver end, these 

coordinates needed to be converted into polar forms which reduce the computations 

required at the receiver end. 

Consider two coordinates (x0, y0) and (x1, y1) acquired from the touch screen. This can be 

shown in the Figure 29 below  

 

Figure 28 Rectangular to Polar Conversion 

The distance d and angle θ can be calculated using the equations below. 

2 2
d a b= +  

1tan mθ
−

=  
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Where, 
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Thus this can be achieved by basic math operations. But the arctan and square operation 

needs many cycles for computation. This causes large amount of delay in the calculations. 

To take care of this, a lookup table is created in the flash of the microcontroller with arctan 

and square values, and thus an arctan or square calculation becomes just one read cycle. 

The angle and distance are sent in a byte packet as follows 

s[Angle],[Distance] 

Where s is the character send to announce start of data, the angle is sent in 4 characters and 

distance in 3 characters. At the receiver end however the received angles are with respect 

to the reference axis(x in this case). Considering two data packets are received with angles 

A1, A2 and distances D1, D2. The current angle is subtracted from the previous angle (A2-

A1) and the output of the operation is checked to be positive or negative. Depending on the 

nature of the output the shortest angle can be devised. Thus is the angle to be rotated is 270 

in anticlockwise direction, the vehicle can rotate by 90 degrees in the clockwise direction. 

5.2 Wireless Communication 

The communication protocol used was byte wise, since using characters for handshaking 

and debugging was less complex. At the start of the session, the transmitter sends the 

character ‘p’ continuously. The receiver responds by sending the device ID. The 

transmitter than can issue commands to the receiver by sending characters. eg if ‘r’ is sent 

the receiver responds by sending the current time, temperature and other data. When a ‘b’ 

is sent the receiver gets ready to accept the data and after receiving all the data issues a ‘a’ 

announcing the starting of the motors, and a‘d’ after the path has been tracked. All the 

communications from the transmitter to receiver and vice versa are done at 2400 baudrate.  
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5.3 Motor Control 

The data received from the transmitter contains the required angle and the distance 

information. The number of steps required for the motor to move by the angle/distance is 

calculated from the data. A function is incorporated to move the motors in forward or 

reverse direction. Considering the radius of the wheels, the center of mass of the vehicle 

and the skipping of steps of the motor and by trail and error, a approximate multiplier for 

the distance and angle was selected. By changing the distance multiplier, the extrapolation 

can be varied. The motors used are bipolar stepper motors. The step sequence for the 

motors is as Table 11. 

Step Coil 1a Coil 2a Coil 1b Coil 2b 

1 1 1 0 0 

2 0 1 1 0 

3 0 0 1 1 

4 1 0 0 1 

Table 11 Bipolar stepper sequence 

A code snippet to rotate the stepper motors by ‘x’ steps is as shown in Figure 30. The 

motors are connected to PORTC of the microcontroller. 

 

Figure 29 Stepper Motor Control Code 
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Chapter 6 

Integrated Assembly 

Using the hardware and software discussed in the previous chapters the final assembly of 

the Surveillance Vehicle was done. Initially keeping in mind all the basic electrical design 

rules and following the datasheets of the various components used in the project a basic 

circuit diagram was derived from the block diagram discussed in Chapter 1.  

6.1 Circuit and Software Description 

Transmitter hardware 

The basic diagram for the transmitter section of the Surveillance Vehicle can be shown as 

in Figure 6.1. The basic heart of the circuit is the Atmel ATMega32 microcontroller 

working on an external crystal frequency of 8MHz. The touchscreen is connected to the 

PORTA and PORTB of the microcontroller. Two channels of the On-chip ADC (PINA.0 

and PINA.1) are used for this purpose. PORTB.0 to PORTB.3 lines are used to give supply 

to the touch screen during the read cycle of the co-ordinates. A 5V reference is given to the 

Vref pin for the ADC. The data bus of the Graphical LCD is connected to the PORTC of the 

microcontroller. The control lines are connected to the PORTD. The RF transmitter and 

receiver modules are connected to PORTD alternate functions TX and RX of the on-chip 

UART. 

Transmitter software  

Since the transmitter is an embedded system it cannot sleep, hence the software keeps 

running when the power is ON. When the system is switched on the GLCD functions are 

invoked to present a graphical GUI to the user. The program waits for the user to touch the 

touch screen to proceed further. The device presents the user with two options User 

defined mode or Autonomous mode. In Autonomous mode there are two further modes, a 

free running mode and a predefined map mode.  

When the User defined mode is selected, the transmitter searches for the available receiver 

devices in the vicinity and waits for the device IDs of each. A list of detected receivers is  
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Figure 30 Transmitter Circuit 

presented to the user on the screen. The user can select any of these by using the touch 

interface. The next screen contains 3 buttons (SURVEY, SEND and CLEAR) and a blank 

rectangular space to draw the path. The user can clear the area using the CLEAR button. 



63 

Send the co-ordinates of the drawn path using the SEND button and also can ask for the 

current surveyed data from the receiver. 

In free running mode, the receiver is allowed to free run. This is used in cases where the 

area of surveillance is unknown. Predefined path mode is used when a known area is to be 

surveyed number of times continuously. The free running mode and the Predefined path 

mode will be discussed more in section 6.2 since it comes under the Receiver software 

section. 

Receiver Hardware  

Similar to the transmitter the microcontroller used in the receiver is the ATmega32 running 

at 8MHz. Another microcontroller used is the Atmel ATTiny2313 which is connected to 

the mouse. The motors are connected to the PORTC through the motor driver IC L293D. 

The sensors are connected to the PORTA. The bump sensors are connected on the 

PORTA.0 to PORTA.1 lines. The digital temperature sensor Dallas DS18b20 is connected 

to the PORTA.7 (1-wire bus) and the RTC is connected to PORTA.4 and PORTA.5 lines 

(I
2
C bus). All these lines are pulled up by a 4.7KOhm resistor. The RF transmitter and 

receiver modules are connected to the on-chip UART pins TX and RX (PORTD alternate 

functions). The circuit diagram of the receiver circuit can be shown as in Figure 6.2. 

Receiver Software 

The software keeps running till the power is ON. The receiver on Power ON, keeps 

transmitting a handshaking character on the RF channel, and waits to be addressed by the 

transmitter. When the receiver is addressed, it sends its ID and waits for the further 

instructions. The receiver can be asked to either send the surveyed data or else start 

accepting the co-ordinates of the path to be followed. In the free running mode as 

discussed earlier, the receiver starts to search for a wall. As soon as it detects a wall using 

the bump sensors, a wall-hugging algorithm is used to keep the vehicle along the wall and 

follow it just like a rodent. The role of the other microcontroller is to gather the coordinates 

of the path the vehicle follows during the wall hugging phase and send them wirelessly to 

the transmitter. The transmitter can then use these to draw a path on the GLCD and 

accordingly control the vehicle.  



64 

In the predefined map mode, the transmitter selects a map which is already stored in the 

vehicle. The vehicle follows this path repeatedly. In all the modes discussed till now, the 

vehicle continuously keeps logging the temperature data and saves it in a SD Card, which 

can be further read from a Computer or a Mobile phone. 
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Chapter 7 

Conclusion and Future Scope 

During the course of the project, various difficulties and error situation were seen. Various 

techniques both orthodox and unorthodox and trial and errors were done to resolve these. 

The touch screen had a FPC connector and hence had to be handled carefully. During 

hardware testing in the second half of the project, the touch screen connector was found to 

be faulty. During the desoldering of the female berg connector from the GLCD, some of 

the tracks were removed. The GLCD failed to respond and thus it was replaced by another 

GLCD.  

During the testing phase many new ways to test the hardware were found out and various 

trade-offs between software and hardware were implemented. The touch screen control 

hardware worked in synchronism with the Graphical Display Unit thus plotting the 

coordinates with precision. To reduce the calculation time trade-off was done and a 

function was made to calculate arc-tan instead of using the inbuilt math library. Also the 

number of samples taken was reduced maintaining the required accuracy. Few glitches in 

the hardware were resolved using various software techniques. To avoid contention and for 

error free communication a byte-wise protocol was devised. The vehicle is satisfactorily 

sensing the environment for conditions like change in temperature which is transmitted to 

the GLCD unit. 

In the autonomous mode, the ATtiny and the ATmega microcontrollers were connected to 

the same bus to the level convertor MAX232, since the UARTs of both the 

microcontrollers were initialized simultaneously one of the microcontroller would pull 

down the others’ transmitter line causing garbage to be transmitted. This was resolved 

using diodes at the transmitter of each, thus pulling down of the line by one 

microcontroller would not affect the others line since only one diode can be forward biased 

at a time.  

The vehicle is working satisfactorily as planned, although there are some glitches in 

wireless operation. 
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Future Scope 

Provision is kept for data-logging which is supplemented with a real time clock that will 

enable to log data surveyed by the robotic vehicle at different instants of time. Thus the 

dynamic nature of the environment can be taken into account by the user for further 

analysis. All the data will be logged into the SD-Card which can be interfaced to the 

microcontroller using standard libraries available online. These library files create a FAT 

12, FAT16 or FAT 32 file system in the SD card. 

A camera can be interfaced to the microcontroller and thus similar to the user data, images 

of the environment can be captured and stored in the SD card for further analysis. Since the 

file system is FAT, the card can be read on a computer or a phone or a PDA device. 

The Graphical LCD used in the project is very primitive due to cost constraints. A better 

resolution Graphical LCD can improve the GUI and allow more accurate paths to be 

drawn. A bigger size of GLCD would allow more area to be covered and surveyed by the 

vehicle. 

The robot can follow some pre-defined paths that may be stored in the chip memory in the 

transmitter section. This is in particular has a useful application i.e. a specific area which is 

restricted to be frequently monitored in person (considering safety guidelines). 

Finally, instead of RF modules used in the project, some other wireless communication 

methods like GSM can be employed for long haul applications. 

 


