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ABSTRACT - This paper de'scribe rlrc design of
automstic control of fan and lighting of a mom
dc?ending on the ocaryancy. The light and frn will be
'ON' whenever the room is trot emDty. If t€mpersture
will be conEolled to a set teDperailr€ when the room is
vacant and the syst€m will shut down auomrticalty.
Motion sensor, Passive Infraed (PIR), temperdure
scnsor and Paiphcral Irterfre Cdroll€r (PIC) ae
int€gr8red to d€tcct smrs of the occrpancy and thc
rcffI tempsrahrc and lt€d cmol thc rmm ambient
tempcr&re. Succcrsftl trotsype was &signcd with
combination of hrdwarc and software with the kecp of
Cadence ffiud and MPLAB IDE respoctively.

l&yrord!: Mo6oD !d$o., ttrparttlra scraor, PIC.

I.O INTR,ODUCTION

l.l Overview

A smart room system can be defin€d as a room or
working envirument equipped with technolory to
allow for devices and systgms to be confolled
automatically. Scnsors d€ used to detect and measure
environment paramet€r such as ambient tcmpersture,
hunidity and brighbess. The ouplrt of the scnsors is
It€o used as an input for a cmol sysem-

A motion scnsor will be tte mah sensor wlrre it
detecs the movement in that room. Tb€re are two
types of motion sensor, which are area sensor and
local sensor. Botb sensors will detect the movemenl
within spccific arca The difrercoce is tha fiea s€nsor
can detect any movemcnt in latge aa scopc
cmpared o local senso. Exaryle for ato scnsor is
Passivc Infrared (PIR) or pyroeleccic, proximity (Rf
field), microwave or radar and ultasonic. Example
for local sensor is Active Infiar€d (light b€am),
visible light beam and laso beam.

For lhis project, notioa sensor typc PIR (Passiv€

lnfrared) sensor is uscd. Tbis sensm is sirryle
€lectonic device wtich is s€nsitive to 'heat', or
infr8r€d light thd is emitted by warm 6 hct objec6
like human. Humm having a skin temperarure in

about 93oF or 33.9oC, rdiane infared energr with a
wavelength between 9 and l0 micmmeteE.
Thercforr, the sensor is q?ically sensitive in the
range of E to 12 Bicrometers flI.

The motion scnsor has sort of plastic 'lens' or
Tresnel' lens as shown in Figure I tbat covers the
circuit bosd md &€ PIR sensor device. The sensor
will be morc ssnsitive to motion of a wam body,
hcizmtalty 'across tb field of vieur because thc lcns
preyc s lte intso&rction of dus md insccts which
could obscue thc sensr's field of view.

Fcfr*ll t,.ns

Figure l.l: Motion sersor with covering plastic lens.

When there is an ocq+ant enrering rhe rcom, the
motion sensor will detect and a fan will turn io 'ON'
mode. After tba: the temp€rdure sensor will sense the
t€Erp€,rantr€ of tlrc area at fier time. If the
tcmpereqg s€nsor detec{s the ampcratre to be
below 2OoC, the fan wilt be in 't OW' mode.
B€t*tcn 20oC udfl 25oc, the fan will be in
'MEDIUM' speed ud above 25oC rhe fm \dll $ift
io 'HIGH" sPce4

Thc sysrcm will cominue within Socific of timc util
tlprc is no occqmt in that rcom, for example scuing
time in prograouoing about 30 s€conds. Affer 30
scconds the sysrem will sop.

The mair controllq of the swirch system is PIC
l6Ft73 microcmtoller. It is because PIC l6FE73
fits perfectly in application rmging from high spood
artromotive and apptiancc motor control to low-
power remot€ sensors, electronic locks, security
devic€s and smfit cads. It is also suitabh for anatog
and digital devices. The flash/EEPROM technolos/
mikes customization of aplic*ion prognms [2].



There are many typca oftemp€ra re s€nsors that will
usc various tcchnologics and have different sh4es.
These sensors are uscd in many fields in lle indlsry
End h hous€bold equiprncnt

Feasible tcmperore is the most besb prameter for
hrman ad all aninals aad plmts. T€rnperere
monitor and cootrol hav€ significant int€I€st in
modem life. Unfortunarcly, the usually used
temp€ratu€ monitoring syst€m has two kinds of
shortoming in c1rrqt life- One is rhrr it rceds a lot
of wires to tramfcr dre s€nsor signal to datr
rcquisition cod md tte impl€melrtdio 6f linking
signal wires is very troubling. Also, tbe co6c h higrt.
The other shortcoming is thd fte sign l transfen€d in
wire is analog signal. There will be a log ofnoise and
lcs. ln order !o overcome these shortcomingg a kind
of digital l-Wire h$ technolos/ cmerges as lte
times rcquire. Digital l-WirE bus technolos/,
DSI8S20 is inplqn€nted by adopting ttc new &vice
ofDALLAS Compary [3].

According to this kind of technolog/, the address
Iftle, data lirc aad contnol lhe used tI€ sane line.
Hrm&eds of contsol and monitor objecs could be
coDnected to ttis line by using l-wir€ bus

t€chnolory. Alalog siSnqls cm bc digitalized in the
checking position thongh l-Wir€ bus protocol od
raosferl€d in l-Wire bus. Therefore, digital signal
will transfer in l-Wire bus [31.

Th€ l-Wire bus tcmpcrcurc mGur€mem system
inrodrrccd in this paper is hrih boscd m l-wire bus
tcctnologr md is dcvice. Tb l-Wir€ bus
monitoring syst m is conected to PIC. It has &e
characteristics of high ratio of hardware performance
to pric€, convcnicnt for constnEtion, Sood 8trti-
j*i"g pcrformance and siaoplc software
dcvclopmcnt It is suitable for ficld monitq a opca
cormty, iffelligrnt building ad se@rity akming
t3l.

12 Problcn stta.ncna

Mckx sensor will be more effective *ten it is
placed above l.8m from the gr,outtd If less than

1.8m, it will be less sensitive because there will be
limit€d angle area from the vertical and horizontal
axis. A wideangle motion scnsor detects a nearty 75
peroent wider ar€8 thrn sfimdEd motion sensors. A
wider detcction rla mears more motion can bc
detected and thc liSht nuy arn on mce often. After
tte motion scnsor is phcod 8t the designation
altitude, the light bulb is checked. If $e light bulb

blinks repetitively then there is a problein in t€fm of
thc placing ofthe mcion sensor [4].

Tte motfr)n scnsor op€rating mode must be
synchronized wift the temperare ssnsor oFrating
point Th€reforc, fte teryere[€ need morc than
loMIIz to op€rde but d software sctting it needs
Io.9MIZ d'te to fte tol€rece of the compmcnts.

The main objeaives ofthis project are as follows:

1.3. t Pmvi& a system $hich by nrnning it
auomdically to a s€t
prcgrm"
To design a frn spced contoller with
irylememim of seIxrxr ad a
micrcmoller.
To enable aulomstic frn speed adjustmcnt
based m snmrmding tempcratre in room.

1.3.2

1.3,3

1.4 ScoF ofrorh

i. SoftwE€ - Main cmfoll€r rhrt contsol tte
tu sp€ed lcvel md light bulb by using
pioetming that

ii. Elecrr,onic Circnit - Inchrde all of tte
eleccrmic pots srrch as l-wire digital
th€rmmet€r (temperafiIre scnsr), mcion
sensor ad swirching

iii. Thc srrldrc - ligh hilbs ed fur.

PIC is used to cGrrol 6e opeaim of the sysiem.
The software used to pEogrm the microcontollcr is
Midochip MPLAB IDE version E.00 ad cicuits of
th€ systsn is using amlicsim circuit fG t€mp€rafire
sensor caEol speod of fan ed motfur sensor conEol
6e light bulb.

13 Obicctivc ofthc pmjcct

This project cmbines tlle usage of tcmperdul€
s€nsGs, mtion sensm and PIC microconroller as
part of m automat€d rystem d€sign. The des@ of
the system consist oftfo€e mair parts, lh€y ar€:
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LMRATURE REVIEW ABO{'T T1IE
LIGHTINC AND FAN COi.ITROL

STIJDY T}IE INPUT AND OUTruT SIGNAL
FRO}I IIIE SENSOR

DESICN Tl{E CIRCUTT

CREATE THE SOFTWARE

TESTING AND DEBUCCTNG TTIE SENSOR

BIjILD THE ACTUAL STRIrcTURT FOR
LTC}ITING AND FAN

INTERFACE ALL THE SYSTEM INTO
ACTUAL STRUCTTJRE

END

2.0 METHOIX)I]OGY

Figure 2.1: Th€ meibodologr flow diagram

Figne 2.1 shows the deslgn flows of devclophg the
smart room conrolled using seosors. Firstly, the
literatur€ rcviews about the lighting and fan rystcm
contol using sensors. All informrtim about fre
motirm sensa md t€rnperatur€ sensor wrs collccled
md studid 6e input and ornpin sigml from the
scnsors.

Next step is dcsigning a few suioble circuis. ln this
project, ee drotion and temperelre s€osors arc to
swirch the liStt atrd detcc't ambient tcmp€rdur€
respcctivcly. Tte teryermrc s€nstr tresmits ed
rcccives the sigml a well-loown as 'bidircctionaP
funcion.

Relay is used in coffiol the AC power aod light bulb
md fu sp€ed to ONOFF conditim.

The Peripheral lnterface Contlollcr (PIC) l6FE73 is 8
driver circuit fc rhe switching. lt is bccause PIC
16F873 is suitable for malog and digital devices and
fits perfectly in application ranging from high spoed

automotive and appliance motor control to lorv-

pow€r remt€ sensors, electonic locks, seqrity
devic€s and smart cads.

After ttc cirtuits rc omfirmed frrnctioo, intEfrcing
with softwac is don3. The corylac test on th
circuit is dme, Aftcr lhe ereeriDeot $ccess, th€
actnl size ofthe circuit is meased md buill
All sy$em is intorfaced od the e)qcrimnts orr
perform€d

Ll Hrrdr.rc DCsigI

2.1.1 Motkm Sctrsor

"gvll
Figure 2.2: Motion sensor or PIR sensor

There are two types of motion scnsors which are
wireless PIR sensor while ander one is using wire
to PIC microconfoller. For this project, motion
sensor as shown in Figue 2.2 is selected and light
bulb represented 6€ output. This sensor measure
infrared radi*ion emanaing from objects in the field
of view. It only has one output pin and another two
pitrs is connected to 5V 8nd gromd separalely.

Once power is ryplied to tte PIR" appor€it mdion is
detected whcn a inftared emiting source with one
temp€ratrre, such as human body, passes in fiont of
sorme with anotrer temperdue, such as wall. The
mit orrprrt is high whenever there is mcion detestcd.
If the motion continuous, the ouput remains high.
After motim stopq the outrut renains high fo a few
secmd @ on selting delay for 30 seconds. The
delay was sefting to as low as possible so thn tbe
outptr of&e senstr would not remain high for a long
time after mdion $ops.

this motion sensm should be mountcd amund l.t
met€Is above lhe gound in a loccio{l so ttat a
moving object will cut rross it's beams md
auomatically semes motim over a wide area (130').



2.1.2 TemperrtlrcSeDsor Figure 2.6 show tte ouhut tom Port C. The Port c
consists of light bulb, mode ofspeed fan, driver relay
and relay. The driver relay consists of darlington
rransi$tr aray thar fimctk)n as switch !o cdrtrol the
circuit. Figne 2.7 $ow the input Port A and PGt B
which are rhe Pon A is frm Emperaffi€ sensm and
Ptrt B is fiom motion sensor.

38"
Figue 2.3: l-Wire Digial Tlermmatr

Figrrre 2.3 show a l-r ire Digital Thermom€ter that
called DSI8S20 and hss 3 pin wiich arc ground
(GND), dala l4prr/Ouptr (DQ) md VDD. lt has an

accuracy of0.5u degree centigrade and gels its pow€r
fron s€rial pofl

The DSltS20 is in prasite power mode as shown in
Figure 2.4 which is the VDD pin connec{ed to gound
[01. It is because th€ l-Wirc bus md Cp can provide
sufficient cur€nt to the DSI8S20 for most operations
as long as tlr spocified timing and voltage
requircments arr m€t as shown in figure 2.5.
Holveftr, when the DSltS2O is performing
tenperatue conversions or copying daa fiom the
sclactd mmny to EEPROT{, the operating
crment can be as high as I-smA. This clrrent can
cause an rmacrepable voltage dnop arross the weak
t-Wire pull up rssistor ad more cumnt is supplied
by Cp2. To assrre lhat the DSI8S20 has suffciem
supply currem, it is n€cessry to proyide a stong pull
up m tt€ I -Wire bus whenerrer temp€ratu€
cooversions process is done fiom 6€ scrdchpad to
EEPROM [0].

Figrrre 2.4: Sqplying lhe parasite-powercd DS I ES20

DStSS2o

E8

Figure 2.6: Output PORT C (light bulb and frn)

l[l!

rono{

Ftgre 2.7: Input PORT A (teqeraorc scnsm) and
PORT B (motion scnsor).

2.2 Softwrrt Design

The PICI6FE73 is used as a microcontroller d rte
sofrware used is the assembly language- The block
diagnm in Figure 2.6 and Figure 2.7 are {tows about
trc gpneral activity in motion scnsor and tcmp€rerc
sensor.

6 lasiD

Plc

Figne 2.5: DSIES20 Block Dagram

.l*.H'Hl
r--_t_-+_s ^ll k

r-ii-l

l:-t:

{ raEll'



Microcoitsollcr
(Plc r 6Fr73)

PIR Sensor

LIGHT BT]LB

Figure 2.E: Block Diagram of motion sensor syst€m.

Tcrrp€r*uae S€{Eor
LOW SPEED

MEDII]M SPEED

FAN

Figure 2.9: Block Diagtam of tempermne sensor
system.

The input and odput assignment is list€d in the Table
2.1 for this sy*em.

Table 2.1 : The VO assignment on PIC pons

PORTS l/o Connection/Description

F
d,

RAI
RA2
RA3
RA4 Input Temperature sgnsor
RA5

Fd
o-

RBO Input Motion sensor
F8l
RB2
RB3
RB4
RB5
RB6
RB7

I
F
d,
o4

RCO Outrut Speed Fan I
RCI Output Speed Fan 2

Output Speed Fan 3
RC3 Outpuf Bulblamp
RC4

RC6
RC7

Oscillxor was used for providing a microconEoll€r
with a clock. Clock is needed so that microcontroller
could execute a program or program insEuctions. [2]

Figure 2. I 0: Flow chat of the system.

Figure 2.10 show thc flow chart of the systcm-
Firsly, the light bulb and fan is in OFF mode. When
the motion sensor detect any movement, light bulb
wil-l xlm ON and fte tempcraArc s€nsor will start
resd the data from ambient temperature. The dala will
be rcad. The data will be read and compare all the
time. When the sensor detcct tbe temperature thar less
than 20oc, fte signql will be fansmil to &e fan in
low speed level. While if the t mperature increas€s
more than 20'C ed not morE tllan 25'C, it will go to
medium speed lcvel and if the temperatrne rcaches
more than 25"C, the fan will tum to the high speed.
huing the temperatur€ r€ceive the data light bulb
always ON, because setting time for rhis motion
sensor detect movement to be match with the time for
tbe tempcrarure sensor read tbe dm &om DQ and
6en tansmit th€ signal back to DQ. This is because
the temperatur€ sensor functions \ryhich that it c€o
read in bidirectional, transmit and receive data-

The motion sensor not ooly detect rnorirm€nt Et the
same time it also sensitive to the hear especially fiom
human body. Brn the main frmction is more on
detecting the movement of thc object nearby. The
light bulb and fan witl turn OFF when ther€ is no one
in the room. This is due to scientific research, human
body position that \viftou any disturbarce means
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that in the comfortable po8itio[' d lqst 30 minutcs it
will loosc.
Therefore, fu seiting time for lte time delay is after
30 mimlts snd ao morcm€trq the ,ight bulb wiu artr
OFF ed 6e frn dso OFF.

Ffi t@crsnre s€nsor commrn4 fNtly it
tcmp€raDrc s€nsor's inprl must be sef d opc|r drain-
Port A4 in PIC 16F873 is used becausc pin RA4 is a
Schmit Triggo input and its open &ain has a srong
pull rp dtc signal.

It must follow ttc protocol for acccssing tbe
DSltS2o via the l-Wir€ port, Tte st€ps:

l. Initialization
2. ROM Function Conmfld
3. Memory Frmction Commmd
4. Trus8ctim/Du

It is very imptr rtrt to follow rhis se$Encc eyery
time the DSI8S20 is acccsse4 as the DSIES2o will
not respond if any steps in the sequence re missing
or otn of ordcr. After issuing eitber of tbese rcod mly
memory (ROM) commsds, &e mast€r must r€tunr
to Stcp I in the s€quem€.

The initialization scqunce cosisB of a reset pulse

EaDsmittsd by the bus master followed by presence

puls{s) transmined by the slav{s). The four basic

op€rations of a l-Wire bus ar€ Res€t, Write I bit,
wrirc 0 bit, and RGad bir The time it takes to perform
one bit of conrmunic*io is called a time slot in the
dcvice dstsshc€ts. Byte fimctims can then be derived
fiom multiple calls to the bit oper*ims. Figu€ 2.1I
illustrat€s thc wavefcms gnpnUfy. Scc Tablc I
below for a brief descripion of eacb operatiot ud a
list ofthe steps nec€ss8ry to generate it

Table l: O?erdtion oftemperaul€ sensor

r

Figne 2.1l: Wawforms operaticn of the DSIES20.

I

I

MASTER.
MODE

DATA
(I,sB

FIRST)
COMMENTS

TX
Magr isues rcset

nrlse.

TR Presenca
DSI8S20 r€spond with
prtsencc pulse,

TX cch Msster issues Skip
ROM c.mmand

TX 44h
Mastrr issuB Covrft T
commald-

TX

Da [ne
fugld high !y
stumg pull
up

Master applies srong
pull up to DQ for tbc
drati.m of tre
cov€rsion (t"-,).

TX Reset
res€tMast€r is$es

Dulse.

RX Prcs€nce
DSltS2o rcsponds with
prcsence pulse.

TX cch Mis*€r issues Skip
ROMcomnand

TX BEh
Master issues Re{d
Scratchpad command

RX 9 data bytes

Mast€r r€ads entir€
scrarchpod including
cyclic redudancy
check (cRc). The
m8star tico r€calculates
6e CRC of tlr firsr
eight dm bytcs tom
th€ scr.tchpad and
compues the cslculated
CRC with the read CRC
(byte 9). If tuy mrtch.
the masl€r also
calcularcs the
TEMP_READ value
and stor€s lhe contents
of rte coLJNT
REMAIN and COtiNT
PER oC rcgistcrs.

TX Reset
Master issues
pulse.

resel

RX Presence
DS18S20 responds with
uesence oulse.

RESET

i

V
h--
!

I
t.



3.0 RESULTS AN'D DISCUSSION

The system is tesled under an oscilloscopc and the
timing ouPut is msrn€d Meatrwhile, motion sensor
is testcd using LED to determine tte compatibit'ty
between motion seosor circuit and PIC gogramming-

3.1 Motion Sensor

FROM i/ICIION SENSOR

As a rcs t shown in Figure 3.3, LEDI od LED 2 ue
ON. Thc LED I is ON wten the input siaal from
motion s€nsor is ransmitod to PIC. M€ewhile LED
2 is ON when tte PIC is rcceiving sigml ftom
motion scnsor. LED I will OFF wten no signal is
rcceived Bu LED 2 still ON urtil 30 second delay,
This Sows ttat the motion scnsor receive tte
command from PORT 87 cleoly md transmit the
outprtr to IoRT C3.

3.2 Tempcrrturr Setrlor

.r+.t..f rt..}t.....1'.......ri*.t.r'.i.+.rl+.rffi
Figure 3.1 : Testilg and debugging from mcicn

sensor 8nd PIC.

Figure 3.4: Input from temperaarre sasor (Port A4)

CCh = oso 0l0t0l0lo,ss) fd Masfier issues Skip
ROM command

,l4h = fuq 00l000l01xsay for Master issues Convert
T comnund

CCH : 115g1 0l0l0l0l onsr for skip ROM command

BEH: 6syll0l0lll6sa1 fa rcad scrachpad
command

Figure 3.5: Reading in binsry: 0010001(F24h
24h=36d (Docimsl)
I h{.5 0C

36d x 0.5 
oc = 18oc

Figune 3.6: Reading in binary: 01000001{Eh
28h{0d (Dod'"t)
I h{.5 0C

4od x 0.5 oc = 2ooc

T

PORTC3 LED2
R1

Figure 3.2: Testing md dehgging ftom odput
motion senss (light bulb).

LED2

LED I

Figue 3-3: Test programming

Figure 3.1 show the PORT 87 is connected to LED I
to test rveather tlr€ inpu sigml from motion sensor is
nansmitt€d to PIc. PoRT C3 is connectEd to LED 2
to test w€ather tlle PORT C3 rcceived a sigml from
motion sensor as shown in Figue 3.2.

!trc

i'il_-_] t-t-lfLII
P]ORT 87 I LEO1

Y

{
=L



Figure 3.7: Reading in binary: I 10001l0F32h
32h:50d (Decieal)
I h{.5 0C

5od x o-5 oc : 25oc

Figrne 3.E: Reading in binary: I 100fl)I l=3Ch
3Chd0d (Decinral)
I h=o.s oc

6od x 0.5 
oc = 3ooc

figure 3.4 show initialization of temperature sensor-

Ths waveform from oscilloecope $ow tte
initialization of rcmperane is CCh, ,14h, CCh and
BEb-

Figure 3.5 to 3.8 shows the ouQut from temperaNre
sensor that range from low spoed to high spoed of
fan.

dle system- Basically, this ploject has a
autom*ically syst€m for fan and lamp thrt use
motion seosor and tempersture sensor. For tte finne
development, the smart room system should be
lpgrade to morc sophisticated systerns srrch as it can
erpand fi,om smart room q/stem to sma,t home
system. Smatt home sysem is wider scope system
thd cfl be more systematic.

The secuity system is whenever motion detected
around the perimeter of the house, flood lights will
autooatically turn on and a buzzer is activarcd to
wam homeowaer and !o frighten an inruder. And at
the same time, a vido recorder can be activated. It
can also provide safety and security in tte event of a

fire or other disaster. Lights can adomatically go on
io iluminate passages to staircascs and exiB.

Besides that this software also can be upgraded from
MPLAB IDE to RABBIT, which is the best software
because it is more efficient to use compare to
MPLAB.
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,L0 coNclusroN

The project is about designing constructing t€sting
and evaluating a light and fan coatoller using sensor.

The system of sensor is design rie switch 'ON' and
'OFF' the light and fro by using PIC t6F873
micmcontoller. It is eryected trst design, testing and
debugging process such as design cor€ctions dE
made and testing is done again cc.ordingly.

This project has introduced a smfit room systsm
rsing electsonic circuil It can contol bo{h frn and
lighting bulb asomaticslly by just a single
microcontoller PIC 16F873. Tbe objectives of this
project have been achieved-

5.0 FUTT'REDEYELOPMENT

For futrne development, this project c8n be modified
to improve the smsrt room systcm. It is propose ltat
tte smart room systcm is design€d fm limited arca
which the program is sinple.

The futrne development for the smart rom syst€m
using PIC has prtsp€c't to be cmmercialized. There
are plenty of adjustrnents lllal could be improved in
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SOFTWARE DESIGN: Flow chart of temperature sensor
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