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Thesis Title: EMBEDDED MONITORING SYSTEM FOR PV POWER

SUPPLY
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Degree Award : Master of Engineering
Study Program : Electrical Engineering
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Thesis Advisor : Dr. Boonyang Plangklang

ABSTRACT

This thesis presents a design and development of Embedded Monitoring System for PV
Power Supply. The implemented monitoring system collects all data and then sends the data from
PV system to main control unit, The operator can see the display and all data record as digital form
at the main unit. The interface program is developed for managing monitored data.

From the study, there are various forms of monitoring system. It is found that monitoring
system has high power consumption then also become load of electrical power systems. There for
embedded system is selected and used for the monitoring system as low power consumption.

The results of the design and analytical show that the developed Embedded PV Monitoring
System works very sustainably with Small PV Power Supply. This is because of the low power
consumption at 2.5 watts. The developed PV Monitoring System is connected via local area
networks or the internet network. The system has an error value of voltage at 0.287%, error value of
currents was 1.27%, error value of temperature is 0.178%. From the experiment, the results show

that the monitoring system is working properly and sustainably.

Keywords: PV Monitoring, Embedded System, Operating System
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DlPE Bh| -a §]~§]| %|%,,|%___| Edit | compile| Assemb| Regs | stack | €
nodebug

void msDelay (unsigned int ma){ b
auto unsigned long t0:
for (t0=MS TIMER: MS_TIMER<ms+t0:):

+

£ /web
const HttpIype http_types[] =
{

{ ".shtml", “text/html”, shtml handler}, // s3i
{ " ntml®, "text/html", NULL}, 7/ html
{ ".cgi®, "", NULL}, s/ cai
{ ".gif”, "image/gif”, NULL}

i

float wolt:

const HttpsSpec http flashspee[] =
{

[

{ HTTPSPEC_FILE, "/", index html, WULL, 0, NULL, NULL},
{ HTTBSPEC_FILE, "/index.shtml”,  index html, WULL, 0, NULL, NULL},

{ HITPSPEC VARIABLE, ™
{ HITPSPEC_VARIABLE, ™.
{ HTTPSPEC_VARIABLE, ™
{ HTTPSPEC_VARIABLE, ™
{ HTTESPEC VARIABLE, ™
{ HITPSPEC VARIRABLE,
{ HITPSPEC_VARIAELE, ™
{ HITPSPEC_VARIABLE, ™

=, 0, svolt, INT32, "3.2f", NULL},

, samp, INI32, "%.3f", NULL},

, swatt, INT32, "$.2£", NULL},
0, stempa, INT32, "%.1£", NULL},
0, stempb, INT32, "%.1f", NULL},

=, 0, stempc, INT32, “%.1f", NULL},
0, stempd, INT32, "$.1f", NULL},
0, stempe, INT32, "$.1f", NULL},
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19 </FONT>
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21 </center>

22 </td>

23 <ftr>
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25 </table>

26 <hr width="1000" size="1">

27 <p»

28 <p>

29

30 <center>
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32 <FONT FACE="MICROSOFT SANS SERIF">
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LM35

General Description

The LM35 series are precision infegrated-circuit temperature
senscrs, whose output voltage is nearly properional to the
Celgius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large con-
stant voltage from itz output to obtain conveniznt Centigrade
scaling. The LM35 does not require any external calibration
or timming to provide typical accuracies of £%'C at room
temperature and £34°C over a full -55 to +150°C tempera-
ture range. Low cost is assured by trimming and calibration
at the wafer level. The LM35's low cutput impedance, linear
output, and precise inherent calibration maks interfacing to
readout or conirol circuitry especially easy. It can be used
with single power supplies, or with plus and minus supplies.
As it draws only 80 pA from its supply, it has very low
self-heating, less than 0.1°C in still air. The LM35 is rated to
operate over a -55" to +150'C temperature range, while the
LM3SC is rated for 2 —£20° to +110°C range (—10° with im-
proved accuracy). The LM335 series is available packaged in

July 19939

National Semiconductor

Precision Centigrade Temperature Sensors

hermetic TO-48 fransister packages, while the LM35C,
LM3SCA, and LM350 are also available in the plastic TO-52
franzistor package. The LM250 iz also available in an 8-lead
surface mount small outling package and a plastic TO-220
package.

Features

m Calibrated directly in ° Celsius (Centigrade)
| Linear + 10.0 m\/#*C scale factor

® 0.5°C accuracy guaranteeable (at +25°C)
m Rated for full =357 to +150°C range

m Suitable for remote applications

m Low cost due to wafer-devel timming

m Operates from 4 to 30 volts

m Less than 60 pA current drain

m Low zeli-heating, 0.08°C in sfill air

8 Monlinearity only =34°C typical

B Low impedance cutput, 0.1 2 for 1 ma& load

Typical Applications

+¥y
[4V T0 20V)
QUTRUT
L35 o+ 100 e
= Ce00E518-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

TRI-STATE® I3 a reglsteres tademark of National Semiconducter Comparasion.

+WVg

LM3s

J_ Li]

DaMEs 8.
Choose Ry = -We/S0 pa
W gur=+1.500 i at +150°C
= +200 m\ at +25°C
= -550 mV at -55'C
FIGURE 2. Full-Range Centigrade Temperature Sensor

& 1009 Mational Semicendustor Corporation DS5006518
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Connection Diagrams

TO-46 S0-8
Metal Can Package*® Small Outline Molded Package

¥our —! ~ Bl #vg

MC.— 2 THH.C.

WG =3 B = M.C.

GHD —] & E—HM.C.

BOTTOM VIEW
DEMEE1E1 DS006S 18-
"Case 's connecied to negative pin (GMD) M.C. = Mo Connecion
Top View

Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

Order Number LM35DM
See NS Package Number MOBA

TO-220

TO92
Plastic Package*

Plastic Package

+V5 Vour GND O

- - -
v LN
3501

BOTTOM VIEW
DEM05E18.2

Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

Vg Yaur
EHD
DEDS514-24
"Tab is connected to the negative pin (GND).
Mote: The LM3ISOT pincut is different than the discontinued LM3SDE
Order Number LM35DT

See NS Package Number TAD3F

wwwi.national.com
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Absolute Maximum Ratings (uote 10)

TO-52 and TO-220 Package,

= - S—

If Military/Aerospace specified devices are required, (Soldering, 10 SEC-{:I’?d\.;_I 260°C

please contact the National Semiconductor Sales Office/ S0 Package (Nots 12)

Distributors for availability and specifications. apor Phase (6D seconds) 215°C
. AP Infrared (15 seconds) 220°C

Supply Voltage +35Vi0 ~0.2 ESD Suscaptibility (Nots 11) 2500V

Output Voltage BV o —1.0V Specified Operating Temperature Range: Ty, to T

Output Current 10 mA C MmN MAx

Storags Temp.;

(MNote 2

L35, LM35A —-55°C to +150°C
TO-45 Package, -60°C to +180°C LM33C, LM35CA —40°C to +110°C
TO-92 Package, —-60°C to +150°C LM35D 0°C to +100°C
S0-B Package, -85°C to +150°C
TO-220 Packags, —65°C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) A00C
Electrical Characteristics
(Motes 1, 8)
LM35A LM3I5CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
{Note 4) {Mote 5) (Motz 4) (Mote 5)
Acecuracy T ,=+25°C 02 s 0.2 05 'C
{Mote T) T 5==10°C 03 03 1.0 'C
T 2= Thaase +04 +1.0 +0.4 10 C
T o= Toam +04 +1.0 +0.4 +15 C
Monlinearity T =T =T pasase +0.18 +0.35 015 0.3 'C
{MNote 8)
Sensor Gain LI . +10.0 +9.9, +10.0 +9.9, mvirC
{Average Slope) +10.1 +10.1
Load Regulation T 4=+25'C =04 1.0 04 =10 miima
(Mote 3) D=1 =1 ma T =T =T pasase 0.5 3.0 0.5 *3.0 mi/ma
Line Regulation T .=+25'C +0.01 +0.05 +0.01 +0.05 mi
{Mote 3) 4y 30V +0.02 *0.4 +0.02 *0.1 mvi
Cuiezcent Current Wog=+5\V, 425°C 56 E7 56 67 A
{Mote 3) W og=+5Y 105 13 91 114 A
Wo=+30V, +25°C 562 B3 562 68 s
W =+30V 105.5 133 91.5 116 )
Change of 4V <30V, +25°C 0.2 1.0 0.2 1.0 &
CQuiescent Current 4vey <30V 0.5 2.0 0.5 2.0 A
{Mote 3)
Temperature +.39 +0.5 +0.39 +0.5 UAMC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 C
for Rated Accuracy Figure 1, 1.=0
Long Term Stability T s=Thasx, for =0.05 +0.08 'C
1000 hours
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Electrical Characteristics

(Motes 1, 8)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Mote 4) (Mote 5) (Hote 4) (Mote 5)
Accuracy, T ,=+25°C =04 +1.0 +0.4 =1.0 'C
LM35, LM35C T .=-10C *0.5 0.5 1.5 'C
{Note 7) T a=Thaax 0.5 1.5 0.8 1.5 'C
T o= Toan =03 ey *0.8 20 'C
Accuracy, LM35D T =+25°C 0.6 1.5 'C
{Note 7) Ta=Taanx i ] 20 'C
To=Tham *0.9 20 'C
Maonlinearity T ran=T o= T ppace *0.3 *0.5 0.2 0.5 'C
{Mote 8)
Sensor Gain T ran=T 2= T haa +10.0 +0.8, +10.0 +9.8, m\EC
(Average Slope) +10.2 +10.2
Load Regulaftion T .,=+25°'C +0.4 20 04 20 miimaA
(Mote 3) 0=, <1 mA LY I *0.5 *5.0 +0.5 +5.0 miimaA
Line Regulation T o=+25°C *0.01 *01 *+0.01 0.1 mvyin
(Note 3) av=\ =30V *0.02 *).2 *0.02 .2 myiny
Quiescent Current WV g=+5V, +25°C a6 &0 56 80 PA
{Mote 9) W g =+5V 105 158 91 138 pA
Wog=+30V, +25°C 56.2 g2 362 g2 pA
W e =+30V 105.5 161 91.5 141 pA
Change of AW\ <30V, +25°C 0.2 20 0.2 20 pA
Cuiezcent Current ey <30V 0.5 3.0 0.5 3.0 HA
{Mote 3)
Temperature +.39 +0.7 +0.39 +0.7 pASC
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 'C
for Rated Accuracy Figure 1, 1,.=0
Long Term Stability T ;=Typa, for +0.08 +0.08 'C
1000 hours

Hote 1: Unizss otherwise noted, these specifications apply —55°CT €+150°C for the LM35 and LM35&; —40%T =+110°C for the LM35C and LM35CA; and
0F=T =+100°C for the LMAED. Vg=+8Vde and | gap=50 pA, in the crouit of Figue 2. These specfications also apply from +2°C to Tygay in the circuit of Figure 1.
Specifications in boldface apply over the full rated ternperature range.

Mote 2: Themnal resistance of the TO-48 package s 400°CAW, junction to ambent, and 24°CAN junclion fo case. Themmal resistance of the TO-82 package is
180°CAW junction to ambient. Thema! resistance of the small culline molded packaps is 220°CAW junchion to ambient. Themnal resistance of the TO-220 package
5 20°CIW junction to amibient. For additional thermal resistance information see table in the Applications section.

Mote 3: Regulation 's measured a1 constant junclion temperature, using pulse testng with a low duty cycle. Changes in cutput due io heating effects can be com-
puted by multiplying the miemal dssipation by the thermal resistancs.

Note 4: Testzed Limits are guaranteed and 100% tested in production.

Note 3: Design Limits ars guaranteed (but not 100% production tested) over the indizated temperature and supply voliaps ranges. These limits are not used to cal-
culate outgoing quality levels.

Note &: Specifications in boldface apply over the full rated temperature range.

Mote 7: Accuracy is defined as the emor between the output woltage and 10m“C times the device’s case temperature, at specified condiions of voltage, cument,
and temperaturs (expressed in G

Mote 8: Monfineanty is defined as the deviation of the cufput-voliage-versus-femperature cunve from fhe besi-fit siraight fne, ower the device's rated temperature
range.

Note 3: Quiescent cument is defined in the circuit of Figues 1.

Note 10: Absclute Maxmum Ratings indicate limits beyond which damage to the device may occur. DC and AC elecirical specifications do not apoly when operating
the devics beyond 25 rated operating conditons. See Mote 1.

Note 11: Human body madel, 100 pF discharged through a 1.5 ki resishor.

Note 12: See AN-450 "Surface Mounting Methods and Their Efect on Product Reliabdity” or the section fithed *Surface Mount” found in a current Matonal Semicon-
ducior Linear Diata Book for other methods of soidering surface mount devices,

wwwinational.com 4
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Typical Performance Characteristics

Thermal Resistance
Junction to Air
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Typical Performance Characteristics icontinusa)

Noise Voltage
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Applications

The LM3S can be applied sasily in the same way as other
integrated-circuit temperature sensors. It can be glued or ca-
mented 0 a surface and itz temperature will be within about
0.01°C of the surface temperature.

This presumes that the ambient air temperature iz almost the
zame as the surface temperature; if the air temperature were
much higher or lower than the surface tempserature, the ac-
fual temperature of the LM35 die would be at an intermediate
temperature between the surface temperature and the air
temperature. This is expecially true for the TO-32 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so s temperature might
be clozer to the air temperaturs than o the surface tempera-
fure.

To minimize thiz problem, be sure that the wiring fo the
LM35, as it leaves the device, iz held at the same tempera-
fure as the surface of interest. The eaziest way to do this is
fo cover up these wires with a bead of spoxy which will in-
sure that the leads and wires are all at the same temperature
as the surface, and that the LM35 die’s temperature will not
be affected by the air temperature.

Start-Up Response

=
=
=

(X}

0.2

=
5
]

v I

@ 10 @ 3p &0 50 &0
TIME (miorosezands)
Damss1e.

The TO-48 metal package can also be soldered to a metal
surface or pipe without damage. OF course, in that case the
Y- terminal of the circuit will be grounded to that metal_ Alter-
natively, the LM25 can ke mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hele in a tank. As with any I1C, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corroszion. This is especially frue if
the circuit may operate at cold temperatures where conden-
sation can cccur. Printed-cireuit coatings and vamishes such
ag Humiseal and epoxy paintz or dips are often uzed to in-
sure that moisture cannot corrode the LM35S or its connec-
tions.

These devices are somelimes soldered to a small
light-weight heat fin, o decreasze the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, & amall thermal mass may be added to the sen-
sor, to give the steadiest reading despite small deviations in
the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,8,,)

TO-45, TO-4E%, TO-E2, TO-2*, 308 S0-8% TD-220
no heat amall hast fin no heat amall heat fin no hagt amall heat fin no heat
BNk sink Bink sink
32 air 400°CAN 100°CAw 180°CAW 14070 2rcw 11Cw Q0T
Moving air 100°CAW 400w S0CIW TIFCW 108w OGN 25'CW
Slloll 100°CAW 400w S0CIW TIFCW
Sired oll SOCAW 3o AW 4TCTW
{Clamped to meta,
Infirita n2at sing) {247CAvy [SEFCIA)

"Wakefeld type 201, or 17 disc of 0020 sheet brass, sodered to case, or similar.
“TC-82 and 50-B packages glued and leads soldersd to 17 square of 116" prmtzd cirouit board with 2 oz, foil or smilar.

wwwi national.com
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//Determina quali linee di I/O del Rabbit devono essere usate come
//linee del bus 12C

#define 2CSCLBit 4 //Linea CLOCK su PD4

#define I2CSDABIt 5 //Linea DATA su PD5

// Costante di conversione tra la lettura effettuata dal chip PCF8591
// e 1a tensione effettiva applicata all'ingresso A/D (Vref/2/8)
#define COSTANTE (float)5/255

/Iweb

#define MY GATEWAY "10.10.6.19"

#define MY _IP_ ADDRESS "10.10.6.100"

#define MY NETMASK "255.255.255.0"

#define TCP_BUF_SIZE 2048

#define HTTP. MAXSERVERS 1

#define MAX TCP_SOCKET BUFFERS 1

#define REDIRECTHOST MY _IP_ADDRESS

#define REDIRECTTO "http:/" REDIRECTHOST "/index.shtml"
//carica la libreria 12C

#use "[2C.LIB"

/Iweb

#memmap xmem

#use "dcrtcp.lib"

#use "http.lib"

#ximport "samples/tcpip/http/pages/pj.shtml" index html
/M#ximport "samples/tcpip/http/pages/logo02.gif" logo02_gif

//*******************************************************************

// Funzione di lettura dei valori sugli ingressi A/D del PCF8591
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// Parametri:

// address Indirizzo su bus I2C (da 0 a 7)

// buf Buffer di lettura

// len Numero di byte da leggere
//*******************************************************************
nodebug

int read_PCF8591(unsigned char address, char *buf, unsigned char len) {
auto unsigned char cnt;

auto short int err;

i2¢ stop tx(); //ferma il chip

// Invia lo STAR

if (err=i2¢_startw_tx()){

i2¢_stop_tx();

return -10; //ritorna il codice di errore -10

}

// Scrive l'indirizzo 12C e attende la risposta ACK dal dispositivo
if (err=i2¢_wr wait(0x90 | (address<<1))){

i2¢_stop_tx();

return -20; //ritorna il codice di errore -20

}

// Parametri di configurazione del PCF8591 (Vedi datasheet)
//Invia il comando di configurazuine

if (err=i2¢c_write _char(0x44)){

i2¢ stop tx();

return -30; //ritorna il codice di errore -30

}

// Stop
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i2¢_stop_tx();

// Ciclo di lettura

//invia lo start di sincronismo

if (err=i2¢_startw tx()) {
i2¢_stop_tx();

return -10; //ritorna il codice di errore -10
}

// Invia l'indirizzo + linea RW/R a 1
if (err=i2¢_wr wait(0x91 | (address<<1))){
i2¢_stop_tx();

return -70;

}

// Effettua una prima lettura

i2c read_char(&buf[cnt]);
i2c_send ack();

//Ciclo di lettura degli n byte

for (cnt=0;cnt<len;cnt++) {
err=i2¢_read char(&buf[cnt]);

if (err){

i2¢ stop tx();

return -80;

}

if (cnt==(len-1)){

i2c_send nak();

}else {

i2c_send ack();

}

H



/I Stop
i2¢ stop tx();
return 1;

}

ﬁ*******************************************************************

// Funzione di scrittura sull'uscita D/A del PCF8591

//

// Parametri:

// address Indirizzo su bus I2C (da 0 a 7)

// dat Valore da scrivere
ﬁ*******************************************************************
int write. PCF8591 (unsigned char address, unsigned char dat) {
auto unsigned char cnt;

auto short int err;

i2¢_stop_tx();

// Invia lo STAR

if (err=i2¢_startw_tx()){

i2¢ stop tx();

return -10; //ritorna il codice di errore -10

}

/I Scrive l'indirizzo 12C e attende la risposta ACK dal dispositivo
if (err=i2¢_wr wait(0x90 | (address<<1))){

i2¢_stop_tx();

return -20; //ritorna il codice di errore -20

}

// Parametri di configurazione del PCF8591 (VEDI DATASHEET)

// Invia il comando di configurazuine
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if (err=i2c_write_char(0x40)){

i2¢ stop tx();

return -30; //ritorna il codice di errore -30
h

// Invia il valore dat al D/A

if (err=i2¢c_write_char(dat)){
i2¢_stop_tx();

return -40; //ritorna il codice di errore -30
h

i2¢_stop_tx();

return 1;

}

U*******************************************************************

// Introduce un ritardo di ms millisecondi

/*******************************************************************

nodebug

void msDelay(unsigned int ms){

auto unsigned long t0;

for (t0=MS_TIMER; MS_TIMER<ms-+0);
H

/Iweb

const HttpType http_types[] =

{

{ ".shtml", "text/html", shtml handler}, // ssi
{ " html", "text/html", NULL}, // html

{ "cgi", " NULL}, // cgi

{ ".gif", "image/gif", NULL}

|5
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float vs;

float is;

float ts;

float vb;

float ib;

float vl;

float il;

float t;

const HttpSpec http_flashspec[] =

{

{ HTTPSPEC_FILE, "/", index_html, NULL, 0, NULL, NULL},

{ HTTPSPEC _FILE, "/index.shtml", index_html, NULL, 0, NULL, NULL},
{ HTTPSPEC_VARIABLE, "vs", 0, &vs, INT32, "%.2{", NULL},
{ HTTPSPEC VARIABLE, "as", 0, &as, INT32, "%.3f", NULL},
{ HTTPSPEC VARIABLE, "ts", 0, &ts, INT32, "%.2f", NULL},

{ HTTPSPEC VARIABLE, "vb", 0, &vb, INT32, "%.1{", NULL},
{ HTTPSPEC VARIABLE, "ab", 0, &ab, INT32, "%.1{", NULL},
{ HTTPSPEC_VARIABLE, "vI", 0, &v1, INT32, "%.1f", NULL},
{ HTTPSPEC VARIABLE, "al", 0, &al, INT32, "%.1f", NULL},
{ HTTPSPEC_VARIABLE, "t", 0, &t, INT32, "%.1f", NULL},

|5

U*******************************************************************

// INIZIO DEL PROGRAMMA
”*******************************************************************
main () {

int error;

int vout;

int 1;
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char read volt[4];

sock init();

http_init();

tep _reserveport(80);

// Inizializza 1'12C bus

i2¢_init();

// Inizializza vout

vout=0;

while(1){

// Legge 1 valori dai 4 ingressi A/D
error = read PCF8591(0x01,read volt,4);
vs =read_volt[0] * COSTANTE;

as =read_volt[1] * COSTANTE *0 ;

ts =read volt[2] * COSTANTE * 100 ;
vb =read_volt[3] * COSTANTE *0 ;

// Legge i valori dai 4 ingressi A/D
error = read PCF8591(0x02,read volt,4);
ab = read volt[0] * COSTANTE *0 ;
vl=read volt[1] * COSTANTE *0 ;

al =read volt[2] * COSTANTE *0 ;
t=read volt[3] * COSTANTE *0 ;
http_handler();

// Inserisce un ritardo di 2 secondi
//***% msDelay(2000);

H

}

#nodebug
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<htmI>

<head>

<META HTTP-EQUIV="REFRESH" CONTENT="5">

<title>

EE RMUTT

</title>

</head>

<body bgcolor="#FFFFFF" text="#000000" alink="#FF0000" vlink="#FFOOFF" link="#0000FF">
<table>

<tr>

<td>

<center>

<h2>

&nbsp;&nbsp;&nbsp;&nbsp;

<FONT FACE="MICROSOFT SANS SERIF" COLOR="BLUE">
szuuSanazuanirariaiedivesszuunan Iihanwaduasoning
</FONT>

</h2>

</center>

</td>

</tr>

</table>

<hr width="1000" size="1">

<p>

<p>

<center>

<h3>
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<FONT FACE="MICROSOFT SANS SERIF">
Solar Cell

</FONT>

</h3>

</center>

<table width="400" height="50" border="1" align="CENTER" cellspacing="1" cellpadding="1">
<tr>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
139U

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
%)

</FONT>

</b>

</center>

</td>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
NITLLE

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
(A)

</FONT>
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</b>

</center>

</td>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
QN

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
( &deg;C)

</FONT>

</b>

</center>

</td>

</tr>

<tr>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">
<!--#echo var="vs"-->

</FONT>

</center>

</td>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">

<!--#echo var="as"-->
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</FONT>

</center>

</td>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">
<l--#echo var="ts"-->

</FONT>

</center>

</td>

</tr>

</table>

<center>

<h3>

<FONT FACE="MICROSOFT SANS SERIF">
Batterry

</FONT>

</h3>

</center>

<table width="400" height="50" border="1" align="CENTER" cellspacing="1" cellpadding="1">
<tr>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
(399U

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
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%)

</FONT>

</b>

</center>

</td>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
NITLLE

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
(A)

</FONT>

</b>

</center>

</td>

</tr>

<tr>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">
<!--#echo var="vb"-->

</FONT>

</center>

</td>

<td>

<center>
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<FONT FACE="@TERMINAL" COLOR="BLUE">
<l--#echo var="ab"-->

</FONT>

</center>

</td>

</tr>

</table>

<center>

<h3>

<FONT FACE="MICROSOFT SANS SERIF">
Load

</FONT>

</h3>

</center>

<table width="400" height="50" border="1" align="CENTER" cellspacing="1" cellpadding="1">
<tr>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
1339AU

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
V)

</FONT>

</b>

</center>

</td>
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<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
NI

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
(A)

</FONT>

</b>

</center>

</td>

</tr>

<tr>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">
<l--#echo var="vI"-->

</FONT>

</center>

</td>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">
<l--#echo var="al"-->

</FONT>

</center>

</td>

76



</tr>

</table>

<center>

<h3>

<FONT FACE="MICROSOFT SANS SERIF">
</FONT>

</h3>

</center>

<table width="400" height="50" border="1" align="CENTER" cellspacing="1" cellpadding="1">
<tr>

<td>

<center>

<b>

<FONT FACE="MICROSOFT SANS SERIF" >
gungiIAdol

</FONT>

<FONT FACE="MICROSOFT SANS SERIF" >
( &deg;C)

</FONT>

</b>

</center>

</td>

</tr>

<tr>

<td>

<center>

<FONT FACE="@TERMINAL" COLOR="BLUE">

<!--#echo var="t"-->
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</FONT>
</center>
</td>
</tr>
</table>
</body>

</html>
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Abstract
Development of a country causes the growth of
economics and high electrical power consumption. Most people
can directly connect to electricity. To observe energy
consumption behavior in resident house can be analyzed to find
enargy consumption load demand, the analysis of load demand
can carry out a problem which might happen in the future. The
trend of energy consumption in household is considered in order
to find an appropriated conservation method to save enargy.
This paper presents analysis of energy consumption in
resident house in Thailand. The monitored data were recorded
313 resident

about houses. The analysis shows that the

behavior of energy consumption is different depending on
season and day. The peak load is in the evening when people
come back from work. This can help the utility to manage and
provide appropriated energy generation for the househaold.

Keywords: load profile, energy conservation
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Abstract

This paper presents a design and development of PV momitoring system for a bus shelter. The implemented monitoring system
collects all data and then sends the data from PV system to main control unit, the operator can see the display and all data record
as digital form. At the main unit, the developed interface program is used to manage the data. The software is simply installed on
any personal computer. This software is a graphic user interface program which the operator can change the parameters of PV
system for control and manage the PV system. The developed PV monitoring system is connected via local area networks or the
internet network, from the experiment, the results show that the monitoring system is working properly and sustainably.

© 2011 Published by Elsevier Ltd.

Keywords: PV menitoring system: Diata communication: Monitoring system

1. Introduction

Travelling by bus in the provinces of Thailand bus shelter and distant electricity no lighting, may cause harm to
those who waits for the bus. It is necessary to install electrical lighting system for bus shelter,and are equipped with
electricity systems from PV system. This is due to control and manage the operation of PV system .The designed
system operation can be described as[1]-[4]:

1) Equipped with measuring device in the box as shown in Fig. 1

2) During night time, the PV system will use energy from battery storage for the load, the PV system energy can
also supply power to the bus shelter for 12 hr.

* Comresponding author. Tel.: +66 2 5493420 Fax +66 2 549-3422.
E-mail address: pboonyang{@hotmail.com

1BTT-T058 © 2011 Published by Elsevier Ltd.
doi: 101016/, proeng, 201 1.03.012
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Fig. 1 wiring Diagram of Sensor Box

2. Research Methodology
The researcher studied the data and information. The method and the methodology of this research can be

divided in to 6 steps.
(1) Study how to communication between 2 or 3 hardwaredevices by using TCP/IP protocol on internet

network.
(2) Design and construction of sensor circuit for measure voltage, current, temperature, load consumption and

time.
(3) Design and construction of controller circuit with personal computer.
(4) Design the graphic user interface program.
(5) Test the prototype.
(6) Analyze data and report

3. The System Design
As mentioned, the System design of the PV system will be considered at the stability of power supply. The real

time monitoring system is also included for data analysis. For this study, we selected an example of load run time on
12 hr/day. This software is a graphic user interface program which the operator can change the parameters of PV

system for control and manage the PV system.
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4. Experimental Results

Traa
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Fig. 6 The prototype connected via local network

Fig.6 shows the prototype connected to the internet network. In Fig.6 the local personal computer connect to
internet network, the user can contrelled PV system testing process on local personal computer and analyze all data
from the site of PV installation. The prototype send the data from PV system to users for control, display and record
data in digital form on personal computer via TCP/IP protocol on internet network. The user can change the
parameters for testing,measure voltage,current, temperature,load consumption and time on the local site.
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Fig. 7 Comparison chart of voltage and current operation of the PV system.
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Fig. 8 Comparison chart of battery voltage and load voltage .

5. Conclusion

It can help the government to test qualitative and monitor of PV system for bus shelter .The expenditure and time
for process in test quality and monitor performance of PV system for bus shelter. the results show that the
monitoring system is working properly and sustainably.
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