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ABSTRACT 

::'<flde-door "·'lith a rnetal detector and alann units incnrpor,,,tcd into the entire system. This 

at the same t1me prDyidin~ an effective and basic rncnm;· of (~ntry and exit into and from a . ~ . 

building. 

This ».jas ac:hiv;itxl t!y the technique::; c;mpJoycd in the operation of an Inf,ared 
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CHAPTER ONE 

iNTRODUCTiON 

1.0. INTRODUCTiON 

In the v·mdd today', there are lots of reforms going on in various sectors of the 

~.,e(:urity. it is fiJr thi1-! reason I have decided to design an />,uto!11atic Shde-(JO(.H·· 

with a ~"fetal Detector and an Alann System incorpomted into the unit. 

.. ~. 

This prcjed is mark; up nftb{x;O) modules VIZ: 1'ht: AutOlnatic SEdo-door 

unit, the Meta! Detector unit, and the alarm unit. 

The first module is the AmoHHHk: Slide-door unit The sensing stage is an 
~..... :..,. .. 

ha~, a projected inJi'a-red bearn to an infra-red re(.eh:er at the other side ofthe 

passage way. Tlw I,)fojected beam is broken by anybody entering the door. Once 

rnonostfibk~ mu1ti··vibrators.Monostabk /\ has a time constant of 5;.:; and 

rnono~;t<{ble B, lOs. The output of both n1onostab1es gO{~S to the input of an 

outPut of monostabk A is abo tEx1 to the motor that causes the door to ooen , , 

the dOGr bV!10V/l the outnut of rnonostable A goes kn\", but the outout of 
~, / s: ........' & 

monostahle B is still high, so ttH:; output ofth(; EXOR gate gives a hig'fl. The 

VOhi:WC i~, tlV.Tl fed with an or;posite pob.,itv to tbe !1'1otQr to dose the door. .:..... ~ . ~ ... 



1'ht: second module is the rnetal detector unit. H con1pris~~s an inductor, a 

t.ransistor, a comFratOr. rl'Sis(ors and c.:tpacitors. If any mdal is brought dose to 

tht: inductor, tb~n~ "'>viii tx,: a rnagnctic reid. generated flJound thc metal wbich 

'<viB distort tbe ori:;zin;:tllmmndic Held around thc inductor. This wilt CaUtK~ a ... ~ ...... ' 

! . '! . ")' l" '1'<' 1 ' . n:x uCtlOr1 H1 we voltage acros~ tne COicctor arK, trw ermtter. I. {n~.; ow vOltage lS 

now fed 10 the 11em-inverting input of the comparator, \vhich produces an output 

that is low. This output is thenhA to the reset pins of monoslabks A. and H (pin 

4) and tht; trigger pin of monostable C in the aiann unit So if a lnetal is 

detecwd, 111onoswbks /\ and H 'Noule! be ina(:tive sincc there is a kv./ at pin 4. 

The third module \.vhich is thc alarm unit comprises a monostab1e and an 

astable mdtivibrator. The sign;:i\ that is fed to the trigger pin of the n1(lHo$t<lble 

he sounded Of HOt. }f;i metal is deH~cted, tlwmeta! dCH~ctm would have an 

output that is low which \vili make thcmonostable C uctiv(~ and vice versa. The 

f ' '1 ,'" , .,', t"" ...... f" PP" output o' tne rnonostuo (~ ...... ·{iHCn j$ a mgn is tnene~j to me reset pm{..:) {) ttH; ,,):») 

'1 .', "" t I !c wmch tnggers tile a arm. 

,. The app1ication of this project can.not be overempha~ize(L Optiu,d 

the metal detector unit controis the slide-door and darn: unit). The pf(~lect often, 

a gre<lt deal of sec,urity and luxury. H could be impkmented in banks, insurance 

The nwcbmical an<'!,ngcment of the door f$ done such that the door sJides 

(lpen automatica!1ywith tk~ control of ,t D.C. motor and a rnerd bearing 



mechanism upon dell"Ct10n of.anyone (lI)proJcbing the dnor 'Nhen the beam is 

broh~n. The block diagram of th~;; entire l.Hilt in Fig 1.! below describes the 

1.1, GENERAL BLOCK DIAGRAfU 

3 



CHAPTER TVVO 

LiTERATURE REVIEWITHEORETlCAL BACKGROUND 

B 
'I' " '! t~ 1 ' " '1 r' 'l' 1 _ aSlCa iy, a ClOOf IS a usual y;oor- engtn {)pemng ll'! a Wall ol_ten ~~qtl~ppe( Wit 1 

'{. • v !' d' I" ! • d! 1 ' " , a !ungeo Of Sit tng pane 'Ni1lCn can t)e rnove - to ie(lve tl.le Op{lD.lng accessll)IC, or to 

dose it more or less ::;ccurdy _ They <'lre basically univer",<,d in stmctures of aU kinds 

'1'1'1(: I~adiest records of door", \v~;re those represented III the paintings of the 

piece of viood The most ancient doors ·;.;;en~ in tin1beL those made for King 

SOlomon's temple being in olive wood which v'/ue carved and overbid viith goLL The 

bm~ bv pivots at the tOr} and t)oHom nf the ham:dm-t stile which ',vor-Ked in sockets in 
...... '" ,. t ~' lo" ... 

the linH.~l and siH, the latter being always in some hard Slone such as l,(bah or granite, 

In the Ren;:11ssance period, Itali8\1 doors \vere quite sire-pIc in design; their <l.n:.hitects 

tru'3ting rncre to the doonvays for 1?ffect; but in France and GtTHnny th(; contrary is 

xv periods, 

4 



Hewitt and Dee Hono and \.v(~re in::.;alkd in 196(L It macil;; use of a mat actuator. The 

l.::;lose it is not an automatic door. Tbx;re are thruo; lndhods b:l which an autonmtic door 

is activated. 

1 _ A sensor deH~cts traffi(: is approac.bing. SenSf){S fer autornatic. door~:. are generally: 

on it. 

or someth1ng bl·ncb thl;; bearD the door can open 

something that snnv::one carrh~s, or is 1nstalkd 1nside ;~ vehicle. These are popub.r 

bmton switch or a s'wipe carel.. 

3 _ The liSt,r pushes, or pulis the dOOL. once the zk}ot" detc{:ts the movernent iL completes 



In addition to act1vatl:. ~ensors autornatic doors arc mmeraHv Hued with safctv . . ,/ / ~ 

sensors. Thege an': usually an in.tra-fed cortain or beam., hut (·an he a pressure mat fitted 

on the s\ving sizi<::. of the door. The purpm,es of the saH.;:ty sensor is tG prevent the door 

sliding door b the rnost vliddy used autom(!tic door systern. BO(1\ting 1hz; greatest user 

friendliness and safetv features it lends itself to volume traffl( and simnHcitv of oocration , < .~ ! 

avaibbie in many diffeH.mt styies and finishes, 

"1 ' " l" ".., acoustiC (loors, Lean morn rloors etc ali (,eslgncd h> racet a luncttOnal purpose or 

and bus :=;tati<::ms, leisure centers, hotd::;, residential homc\, dm:1ors surgeries de wherever 

simple, efficient ac(:~;SS is required 

Contrni Logk 
Unit 

,... ....... ~ .................... ~ .. ! 

: \ 

' ... ____ .. __ ._~ ..... __ . __ ._ ... ... _ . .1 

Fig. J. 1 Simpk D(K)r Control L:you:; 

6 
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: ' 
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CHAPTER THREE 

DESiGN AND fMPLEMENTAT!ON 

3.0 PRINCIPLE OF OPERATION 

diffen.:nt time o)n:::lant:<. The first timer ha:< a !1n,e constant of 5s \vbile the 

second tinter hfts a Llrne constant of I 0:;,. \Vh~n the bcafn is broken, both timers 

go to lhe;1' unstable slates. Timer A driv~;;:, the tmnsistor sv:itch that controls 

The timer outputs an;; fed to an exclusive OR gat(:~vbich gives a high output 

imnEcs thal hdof(: breaking> the befw1 the [XOR Qate ou!nut is lo'N and 'vvhz~n 
~ ..... <..,..'.\ 

motor. The rday contacts are {<xi v{ith 12V d.>..:. (since the rnotor i~ a ITV' 

reversed \'vhen the dOOf is to dose. 

Tiw sysV;;!U \vith a sind.e voltage sUD!'>lv of +12V' d.c to D(}V{cr the switchilhZ • ........... ... t"'... .. ... .1' 



"For the diode to be fonvard biased, 

"SIr ~.: I.'TV 

lr "'" 150mA 
{I; "" n·~<}',;n~p'l" i·~·'l--,:s.'··l'·!~ ")"rr{-~"'t\ '. ~~ .• ) ... ~J"""~).\."'~ ~ t.\.-", (,,?'( .. f.:..J. ,....~ . ...,..~~. '.! 

The resistor [("vill therd~)re be, 

R. ::~ 

3.3 RECEIVER! A~lPLIFIER s'rAGE 

The receive{ is ::;ho\vn in Fig. 3 .. 2 beL:)'y\, The drcui.t crnploys the u;,;e of a 

pbntodiode receiver 311>1 an a.rnplitler to enable it':., output drl'-le other sta.ges . 

.' 

~>~KO 

\ ~ 

.J ..... L. ~.L . 
. __ or_ •• 



photodinde has ;:1 high resistance, hence a low tlJf'Nard current 

The ch.ange in resistance G<1uses il d'mnge in the drop a(;w~,S R:::" 'Hillen i::; fed 

to the input of the comparator Ie ! . 

The n,::slswnc(: rneasured from the photodto(k 'when there is no transmission 

is approximatdy 1\\-10, Fig, 3.} shows the. potential divider nenvnrk formed 

At V+":12\/ the drop across Rl \.viU b;;:: 

10 



6V 

rz is a resistor of lKU vlhose resisLmce is nt~ghgihk (;ornpared 1.0 that of D 1. 

to ahout WKQ on reception of the ;nfra~red. 

Therenxe 'VR;; in this case v;ill be 

7V 

Heno>, sufhcc to say lhat the resiSti'wce drop::; from 6 V to about D::ro volts 

'Nith the receptiDn ot'thc infhHed rays. 

Th(:: voltage compan~tor Ie 1 is used to compare this change with a given 

reference generated by Ib and R,~. 

\./ltJ;;::: ... 2:~~-~. >: '''-./·t· 

R3+HA 

6V ~ .2:.:~,,'y+ , ..... __ (sim::e VR.~;z: 6\}) 

R:,+R..; 

0.5 (10K£1 + R.\) 

K:. 

11 



Tbe use of a preset ,esistof is to allow is 10 allow variation of resistance which 

\vould 2,ive room for scnsinvit v of range ~ --

high voltage level (+12V) to zem. Tbis salisfies the condition for triggenng rhe 

monostabk opens the drloL while lhe second monosTa'ok doses thz~ dour The 

V+ 
l 

R1 \----~--------------------------------~-------~------~-------------------, 
------;~--------------~------~------~--;~--------, 

:- ... ~ ... --.-~ ... : 
: \ 
~_ ••• ~~.,.- •• - ••• J 

~-"-"---"--,-,------.7:j 

~_~j---- L-----5~i 
A 

------------------------------------------------;1------------' 

~ ___ L_ 
............. r_.......- ................ ···_ ......... ··•· __ ....... ····· .. .... 



,---~-------~------~-----.~-------.--~----.~.------~-- ---.~------~------~--. 

Rt :, ..... [%. '4 \.::: .. , ..... :\ ···'·····'~······'·······'····>·~·····-1 

i 1\ \ 
:-~ ... ------.~---:---~---.---: , ' : ~: ... ~-----·---1 

b Olf 
\---.~------~-

B i: 
........ , ....... , ...... -...... ~ ...... ~ ... :'f ........... , 

Since T .", 1.IRe 

"R ::0 the rt.;sistor in the timing circuit and C "" 11l11.ing capacitor 

Therefore ~;,cuing C .::: 470FF 

"" 10KO zpreferred value) 

The 5s tim(~ constant \vas fixed bec:xuse it i::; estimated th3J it v,rould take 

frame on rnonostablc B:, hence the duwtion of 1 (h chosenf:x Hionostahle B, so 

that the ren:aidng 5swoulJ. ~';\Nltch an~Jtber rday, v,;hi.<:.h doses the door. 

for monostable ft, h;t C·'" 1 OOp.F and T .:,10s 



zero. The t'l.VO mOiloslabk outputs a.re LOW bd~)rc triggering and 

si!nuhaneously go 10 (1 HIGH i'1ftt;~r triggering until the time constant of 

Qoes 111gh fix the remaiHlrm time dura.tion during which monostabk B is active 
~ - ~ ~ 

3.6 .DRIVER STAGE 

the fdav thai controls the D. C m.oto1'. Two switchinz transi:-;tors are u5(~d. "[his . - . 

is to enable alwrnate s-whching to aHow fiJi movernent of the motor ill both 
",. 

diwctions. The circuit diagrafn of the s\vitchlHg trunsis.tor is snovin in Fig. 3.6. 

rr ...... .""L ... 

1 :'~H~ 
.< 

:....... .. , ...... 

. ~ •• ;,_._.r 

RH is the hase resistor, 



V+ 15 supply vohagt:: "~ 12\1 

TR 1 is the $\vhchlng transistor 

From Ollr theoretkal knowkdf.W of transistors, it could be r~;:Glned that, 

V+ 

Ie '0::: "':!+ ... 
Rc 

Sjn;;x: Itc "" 400ft (coB resistance) 

400 

0.03A 

'Ne recail that b··· ~Jc '" 
hf~ 

A,bo Vin :;:: In Rn + \/m: 

monostabk and exclusive OR gate stages) 

Therdhrc Kg ::; _ 5 -:~OJL 
tOOpI' 

44KQ 

A preferred value of 47KO wa;:; however USt~ii 

Th~~ dind~~ across the (;(?i\ is used to protect the transistor against back c. tn. C 

.',1l1i;:h n1ig,!n :arise from the ccsil since it is an inductive load. ", 

16 



3.1 PO\VER Sl}PPL Y STAGE 

AH stages ~n the project US!:s -;. 12V <1,c. The power supply stage IS a 

linear powex supply type and involves a step down tnl1l.former, Hiter capacitor, 

circuit dianrtun is show-n in fi"-.E.. 3.7. ~ ~~ 

~ [;~i.;.S~5'~:r-e\'.'J-~~,~',.:--;;:r--~ 
.T /r 
\ Iii \ ",'" .~ ..•..• ~ __ ..• ~ __ .... ~ ..... ,,~ ..... ~-- .... " ....... "" .. >.~" ..... ~ ..... ~" .... "''' .. ''~·····~''····~····~·· .. ·~ .. ····~· .... ;i 

0::\:" 

The rectifier is designed with four diodes tn form a full wave bridge network 

e,i, the filter capacitor and C 1 ,s inv .,sd y P' oportional to rhe ripple gradient of 

+ 
\VRMS 

~ \ : dv 
i"'i~"·"·":·::;'-·w':,;.",,~'"''~''''~''''~;':::'~~'::':-::-''''''~'''''"~,, ... - ... /;.::>-.::.::~ ... - .... ~"""-"" 

I "\ ./ "'" ;' "'\. 
'\ 

'. , , 

\ 
'. 
\ 

'. 

-><If." ........ " ...... - •.••. ~" •.•• ~ •. "'" 

tit 

17 



\-Vhen::. dv is the r1ppk vo!tagt-; for titne {it, \vhere cit is dcpend(~nt on power 

s.ppply freqnency" 

Vp!;.'J.lk,;: 15 x -12 (i.e Lm.H. ;< "12) 

"'" 21.2V 

Hence ktting a ripple voitagr; of 1 yi'h rnakes dv::: 3.18 

But 

3.8 DESIGN OF~lETAL DKIECTOR 

The design and implerrumtfltion of tbs proje~-;t 'o'/{';S carried 'Out under the foHo\ving 

headings. 

Comparator/calibrator stage (peak deH.~ctor) 

Power Supply Unit. 

in figure '\.vhde the comprehensive <>ircoit diagrarn is in unit 



r'--~~"~'l r--"l r-~--

. I I I 1 MONOSTA8LE I 
II: OSCILLATOR I-···--~,,· .. ·~ ~EAK !~ .... ~·.l TIMERJ i 
. COIL I ; DE d2:CTOR I ! BEEPiNG I 
iiI I I ALARM i 
L....~ __ ~'_' ___ ,-.J L ____ ._+_<~.-J L. ___ ~~ __ ",.J 

I ) 
:. ; 

l ...... _ ................ ~ .................................... ~.-i- .. -.............. ~ ...... ~ ..... ~ ..... -, .... ~.! 

1 
1 

f---~·~·-~·~ .. l 
I POVVER I 
. SUPPLY . I I 
i i ........... _---... __ ... ".....: 

3.9 ]}ESIC;N SPECIFICATIONS 

Supply voltage' 12Vnc. 

3~ 10 PRINCIPLE OF OPERATION 

osciHator stage, '""hieh osciHates at a constant frequency. The Hdd stf(:ngth of the coil 

and also drift the frequency. Tb(:: output is fed to a peak det.(X~tor ('Nhich senses the de 

19 



· 1evt~l) and comparators with d: variable wference for sensitivity adjust. Once a metal 

enters the Held, the output ofth!? compamtor goes LOW and triggers a monostable stage 

3.11 OSCILLATOR S'fAGE f SEltRCH COIL 

The osciHator Mage is tksigned using a colpitts oscillator v:hcre the t.earch col! is the 

output when the tnetai is in the field. 

'] 
; 

~ .. 1. .. 

/~ ~ 10h .. Hz ""' 10,GGOHz 

c1 :z JOOnF ~ 100 x l(Y:!F::: 1 x lO·7 F 

20 



Transposing Land si.lbstituting h.w!in the values inj." 

L "" 1 ;' [(2 x}. \4 x 10(0):' x 6.;175 x 10'~J 

inductance :<: 36S.8n1J:L 

Cross sectional cIrca 

No of Turns 



Therefore, f3 :::: [(p<)\N2)! L J 

The no oftUfflS to give th!..': desired inductance would be calculated 

:N is numb~T of turns ofv·;inciings 

SinG''=; H :::: 36~t8mn 

where d'" 1 z~m :::, 2r 

Therdore, r :0: O.5cm 

.~ .~. 

Thus r" "" (0.5y 
.~ . 

\ r "A2!~' ~....,~, "~A 2 .< :;z ? / 'is,'!J /-" ''',. /""fn ... \6$. 1 .............. "... ~3.. /~ .... -'-. ',' , ~ 

Substituting tor all the values, 

Therefore, r·o)· "" 236 tums 

Henccwinding 236 turns for the ),1{Juctor win give the rl..~quired inductancf:. 

Resistors Ill, R2 <l11d R4 are de bius resist{)rs fbI' the tr.ansistor T 1. 



3.12 COIvfPAJV\ TOR/CALIBRATOR STAGE (PEAK DKfECTOR) 

J .,.{" , [ . . {" "1' I <. 
(~omparet)w!tn a relerence vOltage ,1lKH1 to n. p:lerence OSCL(!utor m t 1e analOg ocat 

hequeney type). When metal enters the f1Cld:, the vohage at thc Gomp<trator input drops 

beknv the rdcrt~n{,.;e to give a LOW ouVmt that tri£~,ers a 555 tirner mODostabk stage. ~ t ww . ~ 

Fig :L 11 bekn\! shows the comparator stage 

VI . . 
~-.......... -............. } 

~r.~:: ~~~ i ~ 
. ( :~~~:,~~ 

'~~l i'~(;'?f·:···~·····l········l:::::::J.:·~·;.>~~ .. J······· ...... 
J <'~:""":')"': >22V..t; i ~~: 4~'~, ,.~. . < :": I, 

~; <:; 
l r·· 

.. J .. 

VP...2is set at 2.6V (this is because vlhen meta! I::; detected tbe voitag.;: drops ffora 

appn:wimatdy (4V to 1.5\1);, any voltage below 2.6V in the inverting inpnt >..vin nw.ke 

the output ofihe comparator go lo'l:., to trigger the monostab1e Mngc siu(;>,;;, 

Vout ;" AnVin 

WIKre An :z; open loop ,.,:o1tage gain. 

very large (in order of 200(0) 

23 



3.13 ALARrvl STAGE 

Tht~ al.arm stage. is comprised of U one-shntmono5tabk and a:'it.al))e mu1t1vibrator. 

The monostahk is triggered \vhen the meta! is ddected {to enable timing of the alarrn 

for a specific duration)" 'Nhi!e thiZ astable gew.:5"rates the be.eping tone. 

1 K 
9 

!e ::: 

N E 5SS 

lC :3 
IH,:tH)fj 

4 

Fig :>.11 Alarm StilgC 

The onewshot monostable stage gencr<ttes one shot of clock pulse each tirl10 the search 

break beaut 

The one shot ,1}oHostabk is built around rC2iu Fig 3.2/L Since T ::: 1. IRe, and the 

time d-qratiou of the monostable is 55. {To allow lhr continuous beeping l{}r Lme '1, after 

nK~tal ha:>. been detected). 

Letting C>-,.; 1 OOuF, 



Gives R -:z 51 1.1xlOOuf 

= 4S.5KO. 

A. prefcned value of 47 KOwas used 

F ,'" If ln2C (Rl + :2R;) seconds 

F"" 144/(11-.1 -+ 2R2:) C ......... .... J1) 

LettingRl z-;: 1m, and C z-; 47uF 

Substituting thc values jnt0 equation 1. 

Rl:::: 10.3K 

'Therefbrc Rll:;-;Rli::lOK & C7 :;: 47l.lF. 

:25 
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iiL DIGl'I~<\L MULTIl\·n:TI':R: The digital multirneter basically meaBures voltage, 

resistance, continuity. current, frequency, temperaturt\ and transistor gain. The 

proccs~ nflnlpleraentadon ofthe design on thc board required the rncasmement of 

some cases th:que!K:Y measurement. Thc di,giwl multirneter 'was used to check the 

coupling. 
" 

4.2 PROBLEfVlS 'ENCOUNTERED 

Several probkms ,vere encountered during th~ project. The problems nmge from 

design prohkms toirnpiernentation prob1elDS and also conMmcrion probklTl8. The major 

1. :!nabiEty to turn the motor in both directions Thi;:.; was !;h~ Hrst de:;;ign chaHenge 

the projcct posed. The probk';Jll wa.s solved by mring tv-;o relay drivers (lJld 

combinational logic ciroJit (i c. the exclusive OR gate). The rday contacU; arc 

arranged in such a 'Nay that their polarity 1$ rc\'cr:';ed when alternative occurs. 

Short cin::uiting ofthe f/nxmd and thc V+-, this rcsulted rll the hcMing un of the _ ~r ~ & 

voltage n:':gulator ad lCs~ but the digital m.ultimeterwas us!;:d to ta(;kk this 
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CHAPTER FIVE 

CONCLUSIONS 

5,1 CONCLUSION 

The dcsign, constrtlction and testing of an automatic slide dOOf \vith a metal detector 

. were consLkred during the imp1e!nentatirm of the PWlccL avaiiabi! ity of electrical 

components and research matt.rlah, econmny and durabiEty. The perf(H"!l1anCe of the 

t.he dC<l"x, the materiai of which the object v.:as lnade fror,'), and the proximity of the ob5<:ct 

to the GOOL Tht~ door was fncant to open .autom''likaiIy but in a case v/here there i~ no 

pO"Ner ;;;upply, trying to force the door Op1.::l1 \'VDuk! damage the mechanical control system 

in the unit. 

,A.!so, proper positioning of the components on the V~ro board was needf:d to avoid heat 

radiation on the ie's which affeds th~: perlhrmance of the entiH.~ system. Then, the Bnal 

constructionv/as made k~r easy maimewlnce a.nd repuirs in the event of faulL 

GeneraHv, this on/led in\'oJ.ved research in both analog and digital electronics rnt~nsive 
./ J.. ~ J.. .. 

Rcse~lrch 'N;:tS carried out on timer::., logic crmtrol circuits, relays and opto.::levices, 

5 '} R£'.(··<O~/l·f"<.-t··g<'j'>..rD} '-P'fONS 
~ J(M £ .. ~ ... l"l .. i~IIA~~ ... ;-%.1.1~ ...... >. .. 

1 \7,.'ou1d reconnnend that further \\iork be done on the f(1l1owing afe~lS to improve the 

effl.ciency ofthe project: 

,;. 
3· " ~j 


