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Abstract: There are many embedded systems in the market which provide different functionalities for use and are improving
and increasing day by day. This led to development of “Fire radar for hotels”. The main functionality of this project is to
maintain a count of people in every room in the hotel building. The count is maintained and monitored by IR sensors which
are fitted in every room of the building. The main objective of this project is to rescue maximum amount of people stuck
inside the building in case of fire and not waste time entering into empty rooms.
Keywords: fire radar; embedded systems, sensors etc.
I. INTRODUCTION
An embedded system is a computer system with a dedicated function within a larger mechanical or electrical system, often
with real-time computing constraints. It is embedded as part of a complete device often including hardware and mechanical
parts.
Embedded systems are computer systems that are part of larger systems and they perform some of the requirements of these
systems. Some examples of such systems are auto mobile control systems, industrial processes control systems, mobile phones,
or small sensor controllers. Embedded systems cover a large range of computer systems from ultra small computer-based
devices to large systems monitoring and controlling complex processes. The overwhelming number of computer systems
belongs to embedded systems: 99% of all computing units belong to embedded systems today.
Embedded systems are a combination of both hardware and software so they are very difficult to hack. Whereas in the case
of CCTV cameras, even though they display a live picture of the room where they are fitted in, still CCTVs can be hacked. IR
sensors can be extremely difficult to hack.
Most of such embedded systems are also characterized as real time systems, which means that the real-time properties such
as response time, worse case execution time, etc., are important design concerns. These systems usually must meet stringent
specifications for safety, reliability, availability and other attributes of dependability.
Due to small size and requirements for mobility, but also extremely low production costs these systems require small and
controlled resource consumption, and have limited hardware capacity. The increased complexity of embedded real-time systems
leads to increasing demands with respect to requirements engineering, high-level design, early error detection, productivity,
integration, verification and maintenance, which increases the importance of an efficient management of life-cycle properties
such as maintainability, portability, and adaptability.
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II. BACKGROUND
Fire radar is basically an embedded system which is very useful to the fire fighters in order to rescue people from building. It
works on the basic principle of counting. Similar to the video display monitor from a CCTV camera, the count of people in every
room is shown outside the room on a display and the collective display of counts of all rooms are shown on the ground floor of
the building. This is very useful as it provides a clear direction to the fire fighters about which room has people stuck in it so they
can rescue them.
Usually in case of a fire incident at a building, a lot of time is wasted searching for the people stuck in rooms. Many times the
fire fighters search the rooms and the room turns out to be empty. Due to such time wastage, it may happen that a room may be
containing many people and it would be searched last because of the previous time wastage. Sometimes it may also happen that
the fire rises and some persons are stuck and beyond saving.
To avoid such a scenario, this embedded system is developed. Considering the above scenario, if the fire fighters see a count
of people just outside the rooms, it would be extremely convenient for them to save more people. They won’t enter rooms where
the person count is zero. They will only enter rooms where count is one or more.
III. WORKING
The working of the fire radar is not so complicated. It's a basic logic about maintaining the counts of people in the room. The
counts would be broadcasted to wireless devices and would act as a radar. There were similar embedded systems who maintained
a count of people in the room and if no one is in the room, the lights and fans would turn off automatically. The main motive was
to save electricity.
IR sensors are fitted in every room of the hotel building and also at the entrance near the reception. The logic is that, when a
person walks past it, the sensor indicates a plus count. The functionality of the device works on two IR sensors. If the person
enters the room and walks past the first sensor and then the second sensor, then it indicates a positive count. Similarly if the
person walks past second sensor and then the first one, then it indicates a negative count.
All sensors are synchronized with each other and finally to the main one near the entrance. When a person is in the room, the
sensor count is 1. If other person enters the room, the count gets added and it becomes 2. At the same time, the person who is now
added to the count, gets subtracted from his room in the same hotel. This synchronization enables to maintain an accurate count
of people in the hotel building.
Similarly when a new person enters the hotel, the main count of persons with the sensor near the reception gets updated. So
this leaves the count of the other sensors intact.
In case of a fire situation, the main count of total people in the building is displayed at the display near the reception whereas
individual room count is displayed on the display outside each room. Therefore the fire fighters get a clear idea about how many
people are there in the building and how many people are there in each room of the building. This helps them to make quick
decisions and make a rescue attempt immediately.
A. Abbreviations and Acronyms
Some commonly used abbreviations and acronyms in the project are as follows :
1. IR : Infrared
2. RADAR : Radio detection and Ranging
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3. CCTV : Closed Circuit Television
4. RAM : Random Access Memory
5. ROM : Read Only Memory
6. CISC : Complex Instruction Set Computing
7. NMOS : N-type Metal Oxide Semiconductor
8. CMOS : Complementary Metal Oxide Semiconductor
9. DSP : Digital Signal Processor
10. FPGA : Field Programmable Gate Array
B. Diagrams and Representation

The above diagram shows the scenario of the working of the IR sensors. You can see the person walking through the door
inside his room and is about to cross past the sensor 1 and eventually past sensor 2.
The IR sensors are fitted in the wall and are fire resistant. When both the sensors are crossed the count of the room is set to 1.
If the same person goes out of the room, then the count is set to 0.
The person may leave the hotel room but he has not left the hotel so the main person count at the reception still remains the
same whereas the internal count of the room is changed.
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Fig : Circuit Diagram

Explanation of circuit diagram :
In the circuit I have used the microcontroller ic 89c51 (8051) is it a 40pin microcontroller IC. There are 2 capacitors and a
crystal oscillator of 12mhz connected to the X1 and X2 pin of the IC it provides the frequency required for in the internal clock
to work.
On the reset pin of IC there is a register and a capacitor connected, in any case the IC needs to be brought to the default
condition the reset pin could be made high using this connection.
There are 8 LEDs connected to the port 0 of IC they are used to count the number of people entered inside the room.
The pin 1.7 and pin 1.6 are used to provide the sensor input to the IC which actually count the number of people that
entered and left.
VCC and GND pin are the main power supply pin of the microcontroller IC 8051 which are provided with a +5 volts of
supply.
IV. ACTUAL DEVICE
Below is the photo of the actual device :-

V. HARDWARE
The Intel 8051 is an 8-bit microcontroller which means that most available operations are limited to 8 bits. There are 3 basic
"sizes" of the 8051: Short, Standard, and Extended. The Short and Standard chips are often available in DIP (dual in-line
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package) form, but the Extended 8051 models often have a different form factor, and are not "drop-in compatible". All these
things are called 8051 because they can all be programmed using 8051 assembly language, and they all share certain features
(although the different models all have their own special features).
The Intel MCS-51 (commonly termed 8051) is an internally Harvard architecture, complex instruction set computing (CISC)
instruction set, single chip microcontroller (µC) series developed by Intel in 1980 for use in embedded systems. Intel's original
versions were popular in the 1980s and early 1990s and enhanced binary compatible derivatives remain popular today. The Intel
8051 is an 8-bit microcontroller which means that most available operations are limited to 8 bits. There are 3 basic "sizes" of the
8051: Short, Standard, and Extended. The Short and Standard chips are often available in DIP (dual in-line package) form, but the
Extended 8051 models often have a different form factor, and are not "drop-in compatible". All these things are called 8051
because they can all be programmed using 8051 assembly language, and they all share certain features (although the different
models all have their own special features).
8051 chips are used in a wide variety of control systems, telecom applications, robotics as well as in the automotive industry.
By some estimations, 8051 family chips make up over 50% of the embedded chip market.
Intel's original MCS-51 family was developed using N-type metal-oxide-semiconductor (NMOS) technology like its
predecessor Intel MCS-48, but later versions, identified by a letter C in their name (e.g., 80C51) used complementary metal–
oxide–semiconductor (CMOS) technology and consume less power than their NMOS predecessors. This made them more
suitable for battery-powered devices.
The family was continued in 1996 with the enhanced 8-bit MCS-151 and the 8/16/32-bit MCS-251 family of binary
compatible microcontrollers. While Intel no longer manufactures the MCS-51, MCS-151 and MCS-251 family, enhanced binary
compatible derivatives made by numerous vendors remain popular today. Some derivatives integrate a digital signal processor
(DSP). Beyond these physical devices, several companies also offer MCS-51 derivatives as IP cores for use in fieldprogrammable gate array (FPGA) or application-specific integrated circuit (ASIC) designs. ROM of 4KB and RAM of 128 bytes.
The 8051 architecture provides many functions (central processing unit (CPU), random access memory (RAM), readonly memory (ROM), input/output (I/O), interrupt logic, timer, etc.) in one package :


8-bit arithmetic logic unit (ALU) and accumulator, 8-bit registers (one 16-bit register with special move instructions),
8-bit data bus and 2×16-bit address bus/program counter/data pointer and related 8/11/16-bit operations; hence it is
mainly an 8-bit microcontroller.



Boolean processor with 17 instructions, 1-bit accumulator, 32 registers (4 bit-addressable 8-bit) and up to 144 special 1
bit-addressable RAM variables (18 bit-addressable 8-bit).



Multiply, divide and compare instructions.



4 fast switchable register banks with 8 registers each (memory mapped).



Fast interrupt with optional register bank switching.



Interrupts and threads with selectable priority.



Dual 16-bit address bus – It can access 2 x 216 memory locations – 64 KB (65,536 locations) each of RAM and ROM.



128 bytes of on-chip RAM (IRAM).



4 KiB of on-chip ROM, with a 16-bit (64 KiB) address space (PMEM). Not included on 803X variants.



Four 8-bit bi-directional input/output port, bit addressable.
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UART (serial port).



Two 16-bit Counter/timers.



Power saving mode (on some derivatives)

Pins and Ports :
PIN 9: PIN 9 is the reset pin which is used to reset the microcontroller’s internal registers and ports upon starting up. (Pin
should be held high for 2 machine cycles.)
PINS 18 & 19: The 8051 has a built-in oscillator amplifier hence we need to only connect a crystal at these pins to provide
clock pulses to the circuit.
PIN 40 and 20: Pins 40 and 20 are VCC and ground respectively. The 8051 chip needs +5V 500mA to function properly,
although there are lower powered versions like the Atmel 2051 which is a scaled down version of the 8051 which runs on +3V.
PINS 29, 30 & 31: As described in the features of the 8051, this chip contains a built-in flash memory. In order to program
this we need to supply a voltage of +12V at pin 31. If external memory is connected then PIN 31, also called EA/VPP, should
be connected to ground to indicate the presence of external memory. PIN 30 is called ALE (address latch enable), which is used
when multiple memory chips are connected to the controller and only one of them needs to be selected. We will deal with this in
depth in the later chapters. PIN 29 is called PSEN. This is "program store enable". In order to use the external memory it is
required to provide the low voltage (0) on both PSEN and EA pins.
Ports :
There are 4 8-bit ports: P0, P1, P2 and P3.
PORT P1 (Pins 1 to 8): The port P1 is a general purpose input/output port which can be used for a variety of interfacing
tasks. The other ports P0, P2 and P3 have dual roles or additional functions associated with them based upon the context of their
usage. The port 1 output buffers can sink/source four TTL inputs. When 1s are written to portn1 pins are pulled high by the
internal pull-ups and can be used as inputs.
PORT P3 (Pins 10 to 17): PORT P3 acts as a normal IO port, but Port P3 has additional functions such as, serial transmit
and receive pins, 2 external interrupt pins, 2 external counter inputs, read and write pins for memory access.
PORT P2 (pins 21 to 28): PORT P2 can also be used as a general purpose 8 bit port when no external memory is present,
but if external memory access is required then PORT P2 will act as an address bus in conjunction with PORT P0 to access
external memory. PORT P2 acts as A8-A15, as can be seen from fig 1.1
PORT P0 (pins 32 to 39): PORT P0 can be used as a general purpose 8 bit port when no external memory is present, but if
external memory access is required then PORT P0 acts as a multiplexed address and data bus that can be used to access external
memory in conjunction with PORT P2. P0 acts as AD0-AD7, as can be seen from fig 1.1
PORT P10: asynchronous communication input or Serial synchronous communication output.
Oscillator Circuits :
The 8051 requires an external oscillator circuit. The oscillator circuit usually runs around 12MHz, although the 8051
(depending on which specific model) is capable of running at a maximum of 40MHz. Each machine cycle in the 8051 is 12
clock cycles, giving an effective cycle rate at 1MHz (for a 12MHz clock) to 3.33MHz (for the maximum 40MHz clock). The
oscillator circuit generates the clock pulses so that all internal operations are synchronized.
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One machine cycle has 6 states. One state is 2 T-states. Therefore one machine cycle is 12 T-states. Time to execute an

instruction is found by multiplying C by 12 and dividing product by Crystal frequency. The formula is as follows :
T=(C*12d)/crystal frequency
Special Function Registers :
The Special Function Register (SFR) is the upper area of addressable memory, from address 0x80 to 0xFF. A, B, PSW,
DPTR are called SFR. This area of memory cannot be used for data or program storage, but is instead a series of memorymapped ports and registers. All port input and output can therefore be performed by memory mov operations on specified
addresses in the SFR. Also, different status registers are mapped into the SFR, for use in checking the status of the 8051, and
changing some operational parameters of the 8051.

Internal RAM :
Internal RAM (IRAM) has an 8-bit address space, allowed addresses 0 through 0xFF. IRAM from 0x00 to 0x7F can be
accessed directly. The 8052 added IRAM from 0x80 to 0xFF, which must be accessed indirectly; the address is loaded into R0
or R1, and the memory is accessed using the @R0 or @R1 syntax. Most 8051 clones also have a full 256 bytes of IRAM.
The 32 bytes from 0x00–0x1F memory-map the 8 registers R0–R7. 8 bytes are used at a time; 2 program status word bits
select between four possible banks,
The 16 bytes (128 bits) at IRAM locations 0x20–0x2F are bit-addressable.
Memory architecture :
The MCS-51 has four distinct types of memory – internal RAM, special function registers, program memory, and external
data memory.
The 8051 is designed as a strict Harvard architecture; it can only execute code fetched from program memory, and has no
instructions to write to program memory.
Most 8051 systems respect this distinction, and so are unable to download and directly execute new programs. The strict
Harvard architecture has the advantage of making such systems immune to most forms of malware, except those that reuse
existing program code. Some 8051 systems have (or can be modified to have) some "dual-mapped" RAM, making them act
somewhat more like von Neumann architecture, as external ROM and RAM share data and address buses and the mapping can be
designed to allow R/W data access to program memory. This (partial) von Neumann architecture has the advantage of making it
possible for a Forth boot loader running on the 8051 to write new native code to RAM and then execute it, leading to faster
incremental and interactive programming cycles than strict Harvard systems.
Today, 8051s are still available as discrete parts, but they are mostly used as silicon intellectual property cores. Available in
high-level language source code (VHDL or Verilog) or FPGA netlist forms, these cores are typically integrated within embedded
systems, in products ranging from USB flash drives to washing machines to complex wireless communication systems on a chip.
Designers use 8051 silicon IP cores, because of the smaller size, and lower power, compared to 32 bit processors like ARM
Cortex-M series, MIPS and BA22.
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Modern 8051 cores are faster than earlier packaged versions. Design improvements have increased 8051 performance while

retaining compatibility with the original MCS 51 instruction set. The original Intel 8051 ran at 12 clock cycles per machine cycle,
and most instructions executed in one or two machine cycles. A typical maximum clock frequency of 12 MHz meant these old
8051s could execute one million single-cycle instructions, or 500,000 two-cycle instructions, per second. In contrast, enhanced
8051 silicon IP cores now run at one clock cycle per machine cycle, and have clock frequencies of up to 450 MHz. That means an
8051-compatible processor can now execute 450 million instructions per second.
Program memory (PMEM, though less common in usage than IRAM and XRAM) is up to 64 KiB of read-only memory,
starting at address 0 in a separate address space. It may be on- or off-chip, depending on the particular model of chip being used.
Program memory is read-only, though some variants of the 8051 use on-chip flash memory and provide a method of reprogramming the memory in-system or in-application. In addition to code, it is possible to store read-only data in program
memory, accessed by the MOVC A, @DPTR instruction. Data is fetched from the address specified in the 16-bit special function
register DPTR.
External data memory (XRAM) is a third address space, also starting at address 0, and allowing 16 bits of address space. It
can also be on- or off-chip; what makes it "external" is that it must be accessed using the MOVX (Move eXternal) instruction.
Many variants of the 8051 include the standard 256 bytes of IRAM plus a few KB of XRAM on the chip.
The first 256 bytes of XRAM may be accesses using the MOVX A,@R0, MOVX A,@R1, MOVX @R0, A, and MOVX
@R1, A instructions. The full 64K may be accessed using MOVX A,@DPTR and MOVX @DPTR,A.
VI. CODING AND ALGORITHM
The following code is implemented on the chip for the count functions:
#include<reg52.h> /* special function register declarations */
sbit in1_pin = P2^0;
sbit in2_pin = P2^1;
void Delay(int);
void main (void)
{
in1_pin = 1;
in2_pin=1;
P3 = 0;
while(1) //infinite loop
{
if(in1_pin == 0 ) //If switch pressed
{
P3 = P3+1;
Delay(2000);
}
if(in2_pin == 0 ) //If switch pressed
{
P3 = P3-1;
Delay(2000);
}
}
}
void Delay(int k)
{
int j;
int i;
for(i=0;i<k;i++)
{
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for(j=0;j<100;j++)
{
}
}
}

Flowchart :
The following flowchart shows the flow of the working of the sensors.
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Fig : Flowchart of sensor working

VII. SIMULATED OUTPUT
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Count increment :
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No input :

International Journal of Advance Research in Computer Science and Management Studies
Volume 4, Issue 6, June 2016 pg. 183-194

Count representation on tab :

Fig. Person count representation on tab
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The final module of this project is an app which displays the same things on the radar into the tab.
The information would be broadcasted through wireless medium and received on the tab.
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