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Th e genera l operat ion of the compon ents goes like this :
line vo ltage is stepped up to 400V using un autotrunsforrner.
Zero crossing detection circuit provides a pulse to the PIC
whe never the line voltage reache s OV. Alier ge tting the zero
cross pulse. the PIC determines the delay 10 send a gate
trigger pu lse for the triac in accordance With the output of the
regul ator termin al voltage. Triac , here, is used to cont rol the
phase of the line voltage. Th e regulator termi nal voltage is
always sensed and fed back to the PIC via a measurin g unit.

A. Control or Regulating Una

In control unit. PIC 16f 62X tonus the heart of the unit
where BTA 16(60OC) triac is used as an ac sw itch. It is
driven by PC 817 optocoupler and is triggered with a pulse
sent from the PI C by taking some delay after eve ry zero
crossing of each ac main cycle. T he switc h is open if no
trigger pulse is given to the gate . II is clos ed if pulses are
given continuously twic e ev ery ac wave ,

In our design, a 16 ampere triac is used to insure an
adequate margin of safety . The triac is mounted to a heat
sink wh ich is large enough to remove the heat caused by

Figure I. luc ..:k dl<lgr:lIn of microconrrollcr-b,oc'd auto matic \fohage
n.·g ula.Uf
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This design is based on the principle 0 1 phase contro l of ac
voltage using a triac. where tr;ggt'r llll! ( firing) delay is
determi ned by the PIC rnicrocontrcfler . Fig. I shows the
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l. IJ,,,I NTRODUCTION

Th e automa tic voltage regulator or A VR, as the name
impl ies. is a device intended to regulat e voltage
automatically . that is to take a vary ing vo ltage level and turn
it into a constant voltage level [4]. Automatic voltage
regulators arc widely used in elec trica l power field 10 obtain
the stability and good regulation of the electric syste m. In
typ ica l A VRs. switch ing is done by elec tromagne tic relays,
or servo motor . o r elec tronic device. which automa tically
selec ted tap s in the transformer to get the requ ired voltage to
boo st (add ) or buck (subtract) the input vo ltage. Relay tap 
changers have the problems such as pow er lost momentari ly
during relay change over, unstab le output and rela y contact
damages. Se rvo motor types gave the d isadva ntag es that they
have low life of the co ntac t po ints of the relays [5]. So lid
state electroni c dev ice used A VRs can overcome most of the
above problems as they do not use any moving part and the
output vo ltage can vary from cycle to cycle [1)[3]. For
rnicrocon troll ers. they have bee n proven the ir abi lities to
perform well in a wide range of applications [2][6].
Nowad ay s, many microcontrolle r-based AVR can be
ava ilable in market s . One of (hem is Sollatek AVR [7]. In
this paper. it is aim ed to implement PIC microcontrcller
ba sed so lid sate switching auto matic vol tage regulator.

II . OVER VI EW Or THE PROPOSED D ESIGN

The basic build ing bloc ks for this des ign incl ude a PIC
16f 628 microcontroller, a triac, a 400V autotransformer, a
zero cross ing circuitry, and a load voltage sensing ci rcuitry .

Ke)'IVIITtb'·A llw m alit· "tlltage regulator (AVRJ: PI C
microcontrottcr: (w tolr tlll.'if(Jrmer; plra.w! control; tria c
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A hH n u 'f- This papcr pro poses the design a nd imple me nta tion
or a rnlcrocon t r uller-hascd slng tc-p hasc au ru mn ric \ 'oll lll.:l'

r eu ulatu r (A VH.). The b as ic building blol'k, fur this d l'sil:1l
include a Pt C J6f 62H mtcruco ntrul lcr , 11 trtac , a step -up
tra nsfo rmer, a '('TO cross ing ci rc ui t ry a nd :1 load vol ta ge
se n..in l.: circ u it r y. Th is dl"sil.:" is ba u d on th e principle or phase
co nfro l o f ac " uhag{' ",inl: a triac. T he tl'"i l:l.:cr p u lse for th e
fri ar is dela yed b) t fu- mic roco ntrc lle r to provid e the dcsin'd
reg ulator terminal vultaue. This "oll al:c is ah\ ;I)"S sense d and
(I,d h nck to th e rntc r oc unt r ul te r via a m eu surt ng unit 10 I-: l'l u
conti nuo us ( 0 11 11'"01 sysh 'Ill, O ne of the intcnstu ns tu d evelop Ih h

AVI~ is to USl' il in d nlll l'Sl ic heati ng and lij,thl inl-: co ntruls. II
ca n also be us ed as an ad j u sta ble voltage SflUI'"Cl' b~: :ldj u s1i n ~ a
va r table r esist or in the vo ltage scnd nl: c ircui try. II is 31\0
intended to in trod uce a com pac t AVI~ a nd 10 demonstra te the
useful ness of Ih t' PI C microcu nt ro tle r in pO" l'l'" co n t rol fiel d.
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D. Step-Up Autotransformer

A 400V step-up aut otransformer having a co re s ize of
( 1.5x 104) squa re inch es is used to hand le up to 500 wart load .

TIle input side is connected to the rectified 400Vac line
while the output s ide is connected to the PIC. A d iod e
connec ted in inverse parallel to the LED o n the input side of
PC 8 17 prot ect s the LED from damage du e to over-vo ltage
conditions .

Figure 4 Schemat ic diagram for zcroc ross derecuon circuitry

resistor are chosen so that the RC value must be greater than
10 ms, whic h IS ha lf o f the pe riod o f the ae line vo ltage.

The feed back voltage IS applied to pot VR I and the
volta ge drop at Its center pill IS fed as a sensor vo ltage to pin
2 and 5 of LM 358. l1lis senso r voltage vanes proportionally
in accor dan ce w ith the variat ion of feed back vo ltage. The
upp er and lower thre sholds are se t by adjus ting the POTs,
VR2 and VR 3, shown in Figure 3, whic h are co nnected in
series (0 make ensure that the upper thresho ld vo ltage will
alw ays be higher than the lower A 3V zener diode,
con nected in rever se bras with the power supply, ope ra tes as
a referen ce for the POTs. llere, the zene r voltage must be
lower than the P IC power supply But i l w ill go into.
conduction wh en the volt age reach es or exceeds its rating In
th is ci rcun tbe upper ami lowe r thres holds are se t ..1 1.5V and
1.3HV, respectivel y . .

As lon g as the sensor voltage is wrtlun these two limit s,
the AVR tenmual voltage will be cons tant at 220 V, an d none
of the two output pins of LM 3SX wil l saturate. As a
consequence. the PIC will detect 110 high stat us at its two
input pins So , it does not have 10 cha nge the delay to trigger
the tria l: which has been previou sly determined to pro vide
the nor mal 220 V. As a resu lt the regu lator retains its
prev ious norm al vo ltage

C. Zerocmu' Detection Circuinv

Detection of ze ro cross po nu is necessary for the
microcontroller 10 sync hronize the running of its so ftware
prog ram 10 the main s wave-form T his zero cross detection
unit show n in Fig . 4 includes a bridge rectifier, an
op tocoupler (PC 817) and a transistor ( 945,. This ci rcuit
accepts ac voltage s igna ls and interfaces the m to logic-level
signa ls. Ut ilizing a bridge rectifier enables to sense ei ther uc
or de vo ltage. In l'C 8 17, the input side is the LE O and the
ou tput side IS the trans isto r. wh ich are driv en by different
power supplies
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bidi rec tio na l cu rrent flow of the triac. To suppress voltage
transients a 100 n res istor and a 0 . 1~F capaci tor is used as a
euubber ne twork across the triac . The presence of this
network can improve the tum-on pe rforma nce of the triac . In
this control unit PIC 16f 628 plu s PC 8 17 is used as a triac
g.ue firing ci rcu it, which is des igned with ca re to ensure thai
unwanted cond uc tion, i.e., loss of co ntrol , does not occ ur
when trigger ing lasts too long. The gate-cathode resistor
protects the device fro m fal se triggering due to noi se .

Fig. 2 shows the interface of PIC 16f 628 with other
components conta ined in our AYR.

Vcc( +5V)

The output vol tage from the AVR is stepped down to 9V
,Iul then rectified through the bridge rectifier. A 220~IF, 12V
_f1IIl.: itnr and a 100 0: res istor, whi ch arc co nnected in se ries,

I rforrn as an integrator. The values of these ca pac ito r and

Figure 3. Sc hematic circuit for measur ing or feedback utut

Measnring or Feedback Unit

Th is measu ring o r feedback un it conta ins LM 358 , the
window co mparat..,..:-. The regulalo r terminal voh age is
.Iwllys sensed and fed hac k to the PfC via the cir-..uit shown
In rig. 3.



Figure S. Sot twore now diag ram for the control unit
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V . DI SCUSSION O~ l UE RESU LTS

Fo r ou r A VR , the input vo ltage variation or the
operational ra nge is from 170 10 240 V. This means that the
triac main tain ing the output volt age constant would be
triggered only when the inpu t vo ltage is within 170 and 240
V. In our experiments. Ihe input voltage variation is done
manually using a variable autotransformer called a va riac.

Us ing the measurements obta ined. reg ulat ion is
determ ined by use of

L oad regulation (%) = Vi'll - Vn , ( I)
VI1

wh ere V III = voltage with no load

Vn = voltage with full load.

The vo ltage regulation in percen tage rela ted to the input
vo ltage variation is presented in Ta ble 1.
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The firm wa re pro gram fo r the mic roccnt rol ler is
compiled with the PIC C Compiler T oo l su ite vers ion 8.02
fro m il l-TECH Software. The source code is written in the
MPLAB IDE vers ion 6.60 from M icrochip Corpora tion. The
flow of the program. Fig. 5, goes like this: Alief initializing
the registers, the PIC wait s till the ze ro cross ing of ac cycle
reached in order to sy nch ronize the timi ng of the program to

the ac mains.
As soon as the PIC accep ts a zero (.:fOSS pulse fro m the

zero cro ss detect ion ci rcu it, it checks the status of the two
inputs, RAO and RAI (p in 17 and IR). These two pius are
configured as over and un de r voltage ind icators for reg ulator
terminal vo ltage. The PIC accepts the 1\','0 output status o f
the measuri ng unit, wh ich senses the regu lato r term inal
vo ltage and feeds back it to the PIC.

In our AVR it is desired that the no rma l regulator
termina l vo ltage to be 220V . S ince, ac line voltage is
typ icall y under 220V, it is fir stly step ped up to 40 0V to
pro vide the des ired regulator te rmina l vo ltage . So, the triac
has to be triggered nearly at half o f each ac ma in cycle to
pro vid e the desir ed :220 V.As the T MROoverflow inte rrupt is
used to get the required del ay for the tri gger pulse, 12l' is put
as an ini tial count.

If p in 17, over-vo ltag e indicator, is high, that is, the
output volt age is grea ter than 220 V; the PIC has to reduce
that over-vol tage to 220V_ Th us the PfC has 10 take more
delay to send a ga te-trigger pu lse for the triac than that taken
to give the desired n ov . Delay is taken by decreasin g the
value o f Trigger, wh ich is then pUI into the T M RO. w hen the
TM ROoverflows, the PIC send s the trigger pulse for the triac.

There is an under -vo ltage condition if pin 18, unde r
vo ltage ind icator, is high; it means regu lator terminal voltage
is less than n ov . At this condition the PIC has 10 step up
that vo ltage to nor mal 220V.So it has a duty to send the
trigger pulse by taking less delay than that taken 10 get
normal vo ltage . Thi s ste p is accompl ished by increas ing the

Trigge r value.
After send ing the trigge r pulse for half a cycl e of ac

mains , the PIC again waits zero crossi ng for the next half
cycle and follows the flow of the program ..IS shown in Fig . 5.

For 0-400 Y, 21 SWG wire is used, and for 12-0 -1 2 Y used
for triac firing circu it, 23 SWG wire IS used.
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AVR
A VR AVR

Input
Output

Load
Output

Regulati
Volt age

Voltage,
(wall)

Voltage,
-on

No l.oad On Load(V) (V ) (V ,

100 220 2.27
200 220 2.27

170 225 300 220 2.27
~OO 215 ~ .65

500 215 465
100 220 2.27
200 220 2.27

180 225 300 220 2.27
400 215 4.65
500 215 4.65
100 220 0
200 220 0

190 220 300 220 0
~oo 215 2.3
500 215 2.3
100 220 0
200 220 0

200 220 300 220 0
400 220 0
500 215 2.3
100 220 0
200 220 0

210 220 300 220 0
400 220 0
5t\fl 215 2.326
100 220 0
200 220 0

220 220 300 220 0
400 220 0
500 215 2.326
100 220 0
200 220 0

230. 220 300 220 0
~OO 215 2.326
500 215 2.326
100 218 0
200 218 0

240 218 300 215 1.395
400 210 3.809
500 210 3.809

file mput range !s calculated from
. lIP - NM

max.mput range {%) - Inv. X I00 ,
NM
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(3)
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• 200 W
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I I' - NM
nun input range (% ) = II1I1l :0;100

NM

Th e output accurac y IS de term ined usi ng

From the results obtained the features of our A VR can
be sum ma rized as follows: Th e Wide input range o f -22% 10

+9% is an idea l an d essential for some places wh ere the
voltage is ex tremely errati c Mor eo ve r, the out put m:c urill':Y
o f · 1% to +2.3% is suffic ien t for heat ing and Iigill ing
app licat ion s . Neve rtheless, the output voltage tlucr uat io n o f
our AVR is wi thin an acceptable rang e.

figure b. Input voua ge H outp ut voltage on \anOUl> load

and

IiPllla \ = max mpnt \'Ull,lgC

I, Plll lI, := 111111 , utpru r.mg.c

N M := normal vo ltage
(JIP ,n.., 111,1'( output \ I l l l ag \,,'

0 :1'111 111 - nun (ltllput voltngc

Th e re lati onshi p between lilc input volt uge variati on and
the A VR o utpUI un Vlmou~ l oad ~ l',lIl be seen in Fig.. 6.

( )IP - NM
max.output accuracy t 'S j e 11\;1\ xl OfI (4)

I'M '

where

o P . - I" M
mm. out put accuracyt 'zs}e llun \IOll , (5)

'\j ~ l

VI. CONCLUSrOI'O A r..D FUlURI· WORK

This paper has covered the design and unplementa tio u 0 1
mic rocontroller-based A VR . II is ju st <In attempt 10 introd uce
suc h an A VR of having different de sign and opera tion in
comparing currently available A VR s. As this design is
concerned wit h high vo ltage . care has been ta ken III choos ing
su itable tria c to withstan d thi s high voltage . The uniq ue ness
o f o ur design is that no mo ving part is present and as a result ,
no maintenance is requ ired Moreover. lack of mec han ica l
devices enables our A VR not 10 be encounte red wi th
di sadvan tages s uch as w'ea r and tea r o f relay contact points,

(2)

l: Ft t Cl os LOADS0:-' VOLTAGE RlG UI" Tit>'1 AULE I



fang ue of the tran sformer tap s., etc., which. but, can be found

in some typical AVRs.
Our AVR, in real, can not offer a smooth regulation. Thi s

may he du e tu e ither a wide range octween the thresholds of
the comparator, or the core satu ration of the autotrans fo rmer
for the input voltage great er than n ov. Using an
autotransfonne r wi th larger core Size may be a remedy to
...o lvc this core saturation problem Moreover . a better
regulation will also be possible with some other peripheral
modu les co ntained in the PIC microcolltrollcr.

Although th is AVR is not a perfect one , it is hoped that
this pape r, at lea st, ena bles one to have better under standing
on the use ful ness of a PIC microccutrulle r III pow er contro l

field.
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