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A Study for Controller Development
of Stand-Alone Photovoltaic Power System
with Remote Multiplex Control

Jun Ho, Kwak

Abstract

Interests about clean energy is increasing steadily, especially
solar power system. Generally solar power system is divided
grid-connected power system with stand-alone power system.

This paper describes microprocessor—-based control of photo
-voltaic power conditioning system and remote multiplex control
construction method in stand-alone power system.

We have designed a MPPT(Maximum Power Point Tracker)
algorithm with environment factors and a PWM(Pulse Width
Modulation) algorithm for high efficiency with microprocessor.

The controller has been tested in the laboratory and shown
excellent performance.

Thus, recently demands regarding the monitoring system
construction in stand-alone power system, proposing the
construction method of remote multiplex control which used the
modem of low price. It would be able to accomplish as repeater
for each unit.

Two algorithms in this paper were programed by CCS-C and
C++ for multi-control monitoring system. The algorithm of
choosing unit was used ’'select and poll method’ and the course

assignment algorithm was embodied with 'Bellman-Ford



algorithm’. In this paper, those algorithm used for the actual test
and the good results is achieved without communication—data
broken.

This proposed controlle with remote multiplex control algorithm
will be applied such as monitoring system of PV light on the
wayside, monitoring system of unmanned lighthouse and
monitoring system of refrigeration container on vessel and so on,

it can be applied in the field which is various.
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2.1 B FHA

B 94 A (KB5 R t, Photovoltaic Cell)= El
7] = @%“] 7= WA Aot tfF-E 9] =5 =
}H(photovoltaic effect)E YEFHA| T Bl Fd 2] 2] gjFArto 2 o]of
A= HFEA 5L T2 Si(silicon)¥ GaAs(gallium arsenide)©] ™, Si
7b 7 weol &y 3 9tk a2y HEoli= CdTe(cadmium
tellurium) ¢} CulnSez(CIS : cuprum indium selenium)®W=#| Eo] &
|H 3 A7 % st Si7F WA AR Ol A 7HE Beol AFEE = ol
= AT FHARZ BystE stehEdolal, A4 - Ry EHH
fA & F d7] wW'Eoltth Si G A = A7 AHed meA] &
silicon) HEFHA, HARZHYE
(polycrystalline  silicon) ElFAZ], H]AZA gl Z(amorphous
silicon) Bl Ao Al ZFA & EiFehet. A G574 AL EAA G A
<l 0431 Ao HFAA o] AFY et HFAA R

A A 21 2] & (monocrystalline

w2 385 Table 1.1*] YeEFNATH
Table 1.1 Photovoltaic cell efficiency
- AAH T o A
S W) [ 5800 | 98 | 5800
oA 4 23.3 100 15~18
oA A 4 17.8 100 12~14
B 1 115 1,000 5~8
GaAs 0.25 25.7 4 17
CdTe 1 109 - -
CulnSe» 35 14.1 - -
GaAs/GaSh 0.005 34 - -

*

%] : PFriedrich Sick, Thomas Erge,

Science Publishers Ltd., 1996

“Photovoltaics in Buildings", James & James
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& 43 ol terd 4 o
[= IG—ISAT{ exp[ 4 (V+ IARS)]—I} 2.1)
o, 7] A
_ i LTy 4@, 1 1 99
]SAT_ IT[ Tr] GXD[ BK ( Tr T)] (2.2)
A
ojt},
I . cell output current
vV ¢ cell output voltage
Isqr  cell saturation current
T - cell temperature in K
Iq{- Boltzmann's constant divided by electronic charge
Tc - cell temperature in C
K; + short circuit current temperature coefficient at Jg.
A : cell illumination(mW/cm)
I + cell short circuit current at 28C and 100mW/cr
I, + light-generated current
Eg band gap for silicon

A,B: ideality factors
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START

Sense V(n), I(n)

Yes

P(n) - P(n-1) =0

P(n) - P(n-1) > 0

| Vref = Vref + AV ‘ ‘ Vref = Vref - AV i ‘ Vref = Vref - AV | l Vref = Vref + AV ‘

l l l 1

Fig. 2.4 Flowchart of perturb and observe MPPT algorithm

2.2.3 Incremental Conductance(IncCond) €18 &
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START

Sense V(n), I(n)

| Vref = Vref - AV | | Vref = Vref + AV |

l l l l

| Vref = Vref + AV | | Vref = Vref - AV |

RETURN )

Fig. 2.5 Flowchart of incremental conductance MPPT algorithm

IncCond W¥ 2 Fig. 259 &2 =A% o3& F2siA =

rf

W Edge —Lho g0l g G toug thest ol Aek
1dV + Vdl = 0 (2.6)
_¥ _ _% (2.7)

s QEast A del QelN B 2E
A el 7179 B AL Jehgu g o
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= A
= AR, GAEe wWE MPP F4 2, MPPT 7@ F9 Al
2 o

AV = V(n-1) - V(n)
Al =1(n-1) - I{n)

| Vref = Vref + AV ‘ LVref=Vref-.ﬁV J [ Vref = Vref - AV | l Vref = Vref + AV ‘
‘ l l l 1
1
V(n-1) = V(n)
I{n-1) = 1{n)

RETURN

Fig. 2.6 Flowchart of proposed MPPT algorithm

A 2 Aotk a8 Vi, oy, I, PoopS S8#% A4
o

of A, AF % A9 gelth orledM = dgFgAef s

=0 ° HEE Aojsz st Aty MPPT <agl&<
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3.2 Buck Converter

FAx RES Fod P& Ade A= AFer] 9aA
AmbA oz ke 279 W AWE S AL Lo Fig 319

+ Vs - + Vo -
_— Y Y lo
—» S L —
li IL
+
Vi —/ Vo A Dr C - R Vo
! T'°| |
l L |
HEN A9 32 [ Ees = | ==

! | |
Fig. 3.1 Basic circuit of buck converter

s :
OFF ON OFF I ON .
—_— v
Vo !
-_— . L ———
| | :
| |
I o= ———= e o
T | L
: {Vi—Vo)/L : “Voll
| [ "
| |
Vi
Vs !
|
|
I T
Ton Tore

Fig. 3.2 Waveforms of buck converter
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3.3 AW H
3.3.1 CPU

=2 Ao} 7]+= CPU(Central Processing Unit)¢} o] 7]o] ALS &
= Y 28, 298 d¥getes Aoy, &8 FHAAE
olH 7|9 EE, PCe HlolH FTAEE, txaEde & <
Y48 BEE o2 FAHEY dHeoly Al X AEEH+= CPU=
MicrochipAte] PICI6F877< AF-&3t % th. PICI6F877- T}o] Ze}]l
(pipe line) %% 7% RISC F+Z*(Reduced Instruction Set
Computer architecture)2A] APA|7HS g&4o0=2 =d 5 9

Al e HEe A g
5 A/D HAHHE 7FA AL 9o

=

_]

r® o x|
ol

[e]
Wrol A/D ABEA Qo] e =Ast=d S84 Ar&s g
PIC16F8779] 743 574 Table 3.1 2} !

Table 3.1 Microprocessor core features of PIC16F&77

High-performance RISC CPU
Programable-code Protection
Program Memory 8K x 14 words
Data RAM 368Bytes
Max. Speed 20MHz
I/0 33 Ports(Port A, B, C, D, E)
10-bit A/D converter 8 input channels
Serial Communications MSSP, USART
Parallel Communications PSP
Capture/Compare/PWM Modules 2 EA
Timers 3 (Timer0, 1, 2) + WDT
Interrupt capability up to 14 sources
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Fig. 332 PICI6F877¢ W4 F+x& detdit. e deoly =9
o

O RE 20MpE AHESt] 3o FAo] JhsdtwEE 3%l om, Port
Col CCPAE E3te] PWM drg]ES 53 Ao Ass =3}
i, stEdle] MHE 7 A glE RX, TX#E o]&43te] PC &

te Aol g FAE AsaEE FAsar

13 Data Bus 8 PORTA
Program Counter j&; = ] RAQIANG
FLASH !L B RAT/AN1
Program A » RAZIANZVREF-
Memary & Level Stack F::R:II ) i RAZIANIVREF+
[ RA4/TOCKI
(13-bity Registers ] RASIANAISS
Program
Bus RAM Addrl?) CORTE
¥ RBOINT
Instruction req i :g;
r
Direct Addr T Indirect H RB3/PGM
| —
7 (I ey ! RB4
FSR reg 4 RBS
2 RBE/PGC
d STATUS reg ! RBT/PGD
1) PORTC
3 . RCOT1OSOTICKI
Power-up 1 |+ RCAT10SICCP2
Timer v RC2/ICCP1
Instruct Oscillator [ B RCISCK/SCL
Bocnin s k=l | siantup Timer N1 = ] RC4/SDI/SDA
Control Power-on 4 RCHSDO
Reset ! » RCB/TXCK
Timing T M RCT/IRXDT
Ba= ceneration = Timer I Wreg I
OSC1/CLKIN Brown-out 1
OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR VoD, Vss
Timer0 Timer Timer2 10-bit AT

v ¢ G &

Data EEPROM CeP12 Sé!ﬁ';’.".':‘f.ﬁs USART

Fig. 3.3 PIC16F877 block diagram

3.3.2 Converter

Fig. 345 ¥ =204 AH8e B9y 2d Axge 308 Av)
B ye) gzt 2 YA mEo] g wArsh Al



A7E A= AWEHE, S48 A7|E Rasts wHE =2 U
o] XA AEH = ¥ AW ¥ (buck converter)EA S Zte= Ao =
PWM ¢1ug]Zow A=}
Converter
PV Module ! ] | Battery
| ) j—SW s L |
P‘—: —P\f\ ﬁ—"_'_ﬁ\f'\}\’_.‘_fc 0 —:—P—
! | o i I s
1 V : \ LC(t) :
(D - ¢ |
W C e
— : : Ve n
L : 'D(t) - |
= % < \ T T |
: : & (/- on ' off :
B N [
| L - |
| |
] Rl 241 I . ] 7 J
| |
| |
| |

rie 2913 22l MOSFET®] A &olx
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Fig. 3.5 Control block diagram
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Fig. 3.8 YetATh ﬂigoﬂ/ﬂ & 5 dxel MOSFET]
Source ©A+7} Ground9} 2 2 o] vre A9l A
il A9 (+) A A4 o Gate-Source 7t
75 Agel dAsA Fohe AS & 5 Ak AAZ Source A
o M7t AR WststA Hol 29A 9] FEo] dEA XK
= 497 HAstEY o83k Al d S Floating =9 A& AF-&3}
o Stk A F5F 5

nl_,
r°1'

o
L
4
o
_O|L
s d
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Absolute Maximum Rating:

Parameter Max. Units
lo @ Te = 25°C Continuous Drain Current. Vas @ 10V a2
o @ Tc = 100°C| Continuous Drain Current, Vs @ 10V 30 A
Tow | Pulsed Orain Current @3 140
[Py @Tc=25°C | Power Dissipation 160 ]
(K] WG
Vas +20 v
Eas Singie Pulse Avalanche Energyd B 7 3 420 mJ
res Avalanche Comentlis s F7] A
Ean ! Rapemwm Energy(l e . 16 T ma
awidt Peak Diode Recovery dvidt &5 N S T Vins
T, Operating Junélion and F W 4 S8+ i76
Tera Storage Range =
Soldering for 10 seconds. 306 (1 6mm from case |
Mounting torque. 6-22 o M3 srew 40 Ihfein (1. 9N-m)
Thermal Resistance
_— S Pocdliger PO NS Typ. Max. | Units |
Rye Junctien-to-Case —_ 085 |
Rgs Case-o-Sink. Flal, Greased Surfaca 024 ey TW
R Junction-to-Ambient — ] |

Electrical Characteristics @ T = 25°C (unless otherwise specified)

Conditions
Vu " :w ln = 250pA
10.25°C, Ip = ImAT

R e —— S — _m___ —
Vigrgss | Drain-to-Source Breakdown Voltage
VipanssDT, | Breakdown Voitags Temp. o

Rogon | Stalic Drain-to-Sodros On-Resistance [ Vas= 10V,

Vosm, Gate Threshold Voltage Vos =V

on Forward Transconductance Vpg = 26V, g = 224
tosii Deai s u c Vos = 100V, Vgs =0V

Vos = 80V, Vgs =0V. T, = 150°C

Gate-to-Solrce Forward. Lﬁhigu | Vas =20V

Gate-to-Source Reverse Lca\:nus Vigs = 20V

Total Gale Charge Io = 224

Gate-lo-Source Charge Vos = BOV

Gate-to-Drain ("Miler”) Charge Vas = 10V, See Fig. 6 and 13 9
: Tum-On Delay Time Viop = 50V

Rise Time Ip = 224

Tum-Cff Dedary Timie Rg = 36w

Fail Time Rg= 29!_& Ses Fig. 10 @1

|i|1|m||_|[=|z!|'|§i;

Batween lead,
Bmm (0.25in.)
trom package
and center of die contact 5
Vs = OV )
Wos = 25V

[ = 1.0MHz, See Fig 50

Insermal Crain Inguctance

wlele = Te [ etelele &

Source-Drain Ratings and Characteristics

Paramater Min. | Typ. Max. ts|

- el T e g
(Begy Diode)

%) Pulsed Source Current
Vea | F]
& Reverse Recovery Time — [ 380 270 | ns | T,=25°C. Ip = 22A
Qi | Reverse RecoveryCharge T—1hzs | uc digt = 100Ajs & ©
ton T Forward Tumn-On Time [ Intrrsic turm-on e is negiigibi (fum-on & dominated by Ly +Lo)

Fig. 3.8 MOSFET datasheet
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Fig. 3.9 Schematic diagram of MPPT controller
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AC)

o
e
-4
il
E
re
o4

ay

#include <16£877.hs

#device picl6£877 ade=10)

#use delay (clock = 2Z0000000) 4

fluse r=si3Z (baud = 9600, xmit = pin c6&, rev = pin c7)

i

FEEEEEETTEE i i d b d i i b d i i i i i i i d i idd i idddbd i i rididdididridiieiiiid
f/f  User Define Warisble Nunber,

FEEEEEETEE iy d i rad i b r i s R SRS SRR
#oyte ad = 0Ox05

#byte b = 0Ox06

#hyte o = Ox07

fhyte & = 0Ox03 g

+

i pin =0 & on/orr HE

Iy pin =1 Battery Low Voltage Disconnect ’ﬂi"’_d

4 pin_ez LCD Back Light Y-8 293 == 415
J

int hr, win, sec, year, mth, day, dow: |

S P 4, 4, 29,

// p313029]]4 /‘}%3}7 T AR TE

il

Lloat v_pv, v_old, v _bt, i pv bt, i ld, r_pv, p_old;

¢/ wppT DRFE AFHE HS WS

+

int duty_set;: 4/ pim ducy vime 2HE HE @S

J

long int rtoc sec: /2 Belr 2IEHE A7 A48 e,
#define rtce_sec_set 783 /0 QR HEMLAAD 2785 W4

fwnzdFer 9IEHE €4 10/0.0131072) 4

Fig. 3.10 Source program of defined variable number
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#ifndef RTC SCLE

#define RTC 3SCLE PIN E7 .
#define RTC IO PIN E&
#define RTC _R3T PIN BS
f#endif |
.J
wold write_ds130:2 _byre(byte cmd) J
i

byte i ]

for {i=0;i<=7;++1) I

i

output_hit (RTC_I0, shift right (ccmd, 1
output_high (RTC_SCLE) 2 o
output_low(RTC 3CLE): |

b4
b4
il
void write_d=130Z2 (byte cwd, byte data)
i
output_high (RTC RST) ! |
write ds1302 byte (cmd) ;.
write dsl130Z2 hyte(data): .|
output_low(RTC_EST): .|
P
'J
byte read dsi30Z (byte cmd) J
i
byte i,data; .
output_high (RTC_RSIT) ; I
write d=1302 byte (cmd) 7
for (i=0:i<=7:++1)
i
shift right (&data,l,input (RTC_I0) ) |
output_high (RTC_3CLE) :
delay_usi(z); J
output_low(RTC_SCLE] :
delay us(z):
b
output low(RTC RE3T):
return(data) ;
b4

Fig. 3.11 Source program of DS1302 included file

Z7 Ao]7]o = Real-time clock chip ¢! DS13025 AF-&3le] o
A Aetg RUBES & %S star Ao} AeEjel] digk Ho]
HE #7402 433 & oA a9tk Fig 311& DS1302 1<
PICE T3l do 223 C 225 vehd Zolt)

g
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Fig. 3.12%= LCD #Aojol] a3k T2 Axo AdRE ekl
tf Ao7]e] AEE MR Dol £ dEE 3§y YA
LCDE ##atalon, o7 A= dwrAQl who] I 2 32 2 A A of A]

=2
h=]

ol AbEx = Wl 4bit Alo] WS ALESte] FESTh e
HAAl Ao]7]9] AEAn]E Fo]7] 98] LCD Back-Light o off &
ON-OFF 4% Fo] Edo3 A8 225 &d 4 AA 3

woid lod send byteibyte address, byte n)
{d
led.rs = 07
while (bit_testlcd read byte(),7)): J
led.rs = addreas; )
delay cyoclesil): |
led.rw = 0:
delay cyclesil): J
led.enable = 02
led send nibble(n >> 4] .
lod send nibble (n & OxE):
P4
A
woid led initi) o
{d
byte 1i; 4
set_tris_d(LCD WRITE); .
led.rs = 0
led.rw = 0O:
led.enable = 02
delay ws(15);
for(i=1; i<=3;++1i) J
i
led send nibble (3) ;)
delay mai(5):
P
led send nibble(z): J
for (i=0; i<=3:++1i) J
led send byte(0,LCD INIT STRING[i]): J

b
+
void leod gotoxyibyte X, byte y)
(]
byte address: |
if(y '= 1) o
address=1lcd line two; |
else

Fig. 3.12 Source program of LCD included file
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void ad convert () ffonn HE S Y] st F vy Al A A ED
i

get_ade_channel (0}

delay ms(10) 7

v_pv = read adc{) / 17.166;

o
set_ade_channel(1l):
delay ms(10); |
v_ bt = read ade{) / 47.266;
J
set_adc_channel (2] ;
delay ms(10);
i pv bt = read adc() / 200:
id
J
void display wvalue() s AsE, ﬂ._%%l’%% FHTFE= f&i?'—.J
id
lod gotoxyi(l,1); J
printf(led putc, "V _pv @ 32.2E[V] An", v_pw): )
led gotoxy(1,2)) J
printf(led pute, "V_hat: $Z.ZL[V] ", v _bt); J
delay ms(1500); |
id
J
void pum on(long int ®) /¢ PUM ducy AEEe AMEE= @'#,J
id
set_puml_duty({{long int])x); J
setup timer 2 (t2 div by 1, Ox3z, 1); /¢ 100Fhz
setup_coplicop pwwm plus 3] ]
id
J
wvold puwm offi) J
id
setup_coplicep_off); J
L

Fig. 3.13 Source program of user defined function

Fig 3.13¢l& AR B9 3t 5 2 7HAE ydstdrt mlola
22Xz Y32 A/D ABEHS AFEdozHR  ad_convert() =
S ol &ste] A4 Ao 4= T ol Eoli IERAAY Ay
Ll A S o] &3 Bl &5 AlLkste] @9 ®ske] dag A 3s

A, Ag3kA 1t pwm_on(), pwm_off()2] &45 o]

8-3te] A
ol71e] AH &S ZAFT MPPT 2ie]Zo] Aaem Audow
pwm_onO%T9 IFuHE A3 A ©rt Fig. 269 TAEE 7|

T
HLo 2 MPPT &9 Z2Z a3 AAE Fig. 3.14¢] YEhu ot
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void mppt () j¢ MPPT HTE S AW F4 .
id

ad_convert () J

p_pv = wv_pv T i pw bt:,]

o
i [ [ ppv-poeld)] =04
i
if ¢ p_pv - pold ) » 04
i
if { v pv - v_old » 0 ) duty_set++: .l
else duty_set--: .
P
else
id
if ([ v _pv - v_old = 0 ) duty set—-: I
elsze duty_set++; o
b
P
pum_on (duty set); |
P

Fig. 3.14 Source program of MPPT algorithm

wvold main() J

id

long int i = 5000; J

set_tris_e(0x00);

e = 0Ox00; |

e = Ox04;

delay_ms(1500) ;

e = 0Ox02Z; 4

delay_ms(1500) ;

e = 0Ox00; 4

e = 0Ox01; 4

pl

rtec sSec = rtoo_sec sSet; J

pum_of£(); J

led init(); /4 Len 27|80

/v AR E RRE2E AS7] AFF A s AdsEE,
rto_init () J

rte_set_datetime (0x03, 0x09, 0x03, Ox04, 0x01, 0Ox0z21): .

fogA Ad 2, "=, 4, 29, 4, B

J
/4 ap R AR
setup_ade_ports(a_analog) ; /4 A/n S 4

ZEG Y¥eor &L,
setup_ade (ade clock internal): // A/D HE Y7 £

=3 A

o
/¢ mppT Wagks 27185 7] HEA.. o
ad_convert () ,J

v_old = v_pv:,l

i old = 1i_pv bt ]

p_pv = v_pv * i pv bt;

p_old = p_pv:

J
0 Eele BE

setup_timer O(rtec_div_256|rtec_internal):

Fig. 3.15 Source program of main function
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4.2 A T4

Fig. 4.1& ®lol8 &4 ddel Abgd Al&g F25 Ul A
otk Fig. 4.le] ®olxeol 5 EUHE HHFH (y)c =9t A4
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Zela FAlshE TR Ho gtk
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/7
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\
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F Modem (Us)

1
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|
|
|
|
|
|
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|
|
|
|
|
|
|
|
|
|
|
|

;UO

i Controller with
. RF Modem (UN)

Fig. 4.1 Construction of target system
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Master Slave
ABEMB(IDEE) | ifﬂﬂiﬂﬁi
seol e e | THHESE

(BAEPC =02

e HE T ) s: (To Other Slave)
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sass e HH SR

Fig. 4.4 Message passing for general data transfer

e

AODE

FEECEET L ES -|-E| Figs 24 usE |
RF = Wake Up Command SE(EAUFH D 28 [

HEP W SE I (2% 3F)

1
SHM SE I (2 3E)

SE WA #4618 CI0IE I ETHEHEIN?
I

1 No
SoE OI0IEI EWEIT WS
I2 P DEE RUSE
BHCIEI0 O 0|4 EME
NEST %8

] No
=418 GIOIEI DL RESHA

SO0 CHAIBHH Wake Up
Command & &(2I[H 28))

Yes

[
W =S U0 M
SOE C0EHE IR BE

Yes

st & OI0IEt R &5
GIOIE Eel

HelE CI0IE ® 0125610
SIS E0 B8l
& 2 g2 =TI Confirm
Command =&

|

Confirm Command 2| £ &10]
LT Al CHAl S&(2I0H 28)

Yes No

Confirm Command 2| 2| &10|
FN3e Q3 2=

e

=
5

Wake Up Command +&I(# &1 552/ ID T &) |

U =4 SE
RS2 D x 10ms X

)

1
YHURYIDE S0FL2 1D &&
I

2560ms — (==& 7% 2] 1D x 10ms + 5ms) X &

I
SN = SE

& FS2 D x 10ms X2

1
1SS ID £
I
2560ms — (=41 7% 2 1D x 10ms + 5ms) 1|

gL IDE

Bel ¥ @3S DB

Fig. 45 Diagram of recognizing unit identification

_40_



Hoe] 4%

s

FE

1
R

2~E PCo| A

sto] &

°o]-&

=
=

Ao]EX DB

(Dijkstra  Algorithm) ¥}

R

~Eg}

]

[e)

o}

T2

A A e

Al
=

Farskaint

S
=

(Bellman-Ford Algorithm)

N

7HA

=
=

SR E

J|

ol A

[e] [e] Z
Fule 2

g A

g2

o 74 ¢]

ol WAEE Pxm o

= Aot

~

ol

of thak A ARE

(4.2)

A1)

9|

= n+s ol o

oy

LO (%) = OO, <

(4.3)

kool His)A)

ulJ
5y

Lh (S) 5 07 (

4

S

(4.4)

[L,C/)+w (], n)]

min
J

Lyi(n) =

S

F9 oA G = Pang

w (1, 7)

A SACNA Frge] Ao Fag

=
=

bol ==

)

TR s 2FE 4 029 Al o

Lh(%)

WS AxAw

o
IT

%)

3

S

[e)
T

A

N

~

ol

=3

—_—
"o

s=H-E

AP d=& 7HA

=
| BN

ol A

Huw

HAvhd Az dE2 AZEY, 2

=
=

7 4

_41_



Aol Ar7 Ol 2 A"

TREZF
A A z"o s dho]FA] dlolE BAIS 3ta 9lon,
7% BSC(Binary Synchronous Control)S A}-&3}o]

Command Protocol

SOH | U.ID | CMD | ETX | BCC | EOT

General Data Communication Protocol

SOH | U.ID | CMD | STX |DATA BCC | EOT

ETX

(ETB)

Fig. 4.5 Protocol format

Table 4.1. Transmission control character of BSC

Character Function

Start of heading : used to indicate the start of the

SOH header (if one is present) of an information
message (block)
Start of text : used both to terminate a heading (if

STX one is present) and to signal the start of a text
string

ETX EnFl of text : used to signal the end of a text
string

EOT End of transmission : used to indicate the end of
the transmission of one or more text (information)
End of transmission block : used to indicate the

ETB end of a block of data when a message is divided
into a number of such blocks
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Fig. 5.4 Experimental results of the charging controller
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dole]l FLAF(,,), MEAAL( V), Weel FAAF([,)8

e,

Table 5.1 V, I value with each converter

Vpy (V) | Ipy (A) | Ve (V) | Igr (A)
Fig. 5.4 (a) 33.7 3.3 134 3.3
Fig. 54 (b) 33.5 34 134 3.4
Fig. 54 (c) 32.9 34 13.3 7.1
Fig. 54 (d) 33.2 3.4 13.3 79

Table 5.2+ Table 519 43& dHole & vy oz AASE Bl
A REO & ﬁ"’j(PPV) e JHdHC Py, AHE S o]

Table 5.2 Converter efficiency

Ppy (W) Py (W) |AZHolE a8 (%)
Fig. 54 (a) 111.21 44.22 39.76
Fig. 54 (b) 1139 45.56 40
Fig. 5.4 (c) 111.86 94.43 84.42
Fig. 54 (d) 112.88 105.07 93.08

Table 5204 HE=npel o] oldaE1 ~A9H == A
Fig. 54 (a)¢F (b)) WFEE&LS oF 40%<1 v, dAE =94
22 FA4% Fig. 54 (o), (Y HMIaE&EL oF %= ofd=1
A Hoh Foufe] =e &S YEWES o ¢ dnh AA R

= = =
ANX= 5 & A flel W FY AE AYstal, dAE, =

Bl ol o fo okt
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Fig. 5.7 Finding unit protocol communication
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Fig. 5.8 Other unit status at command protocol communication

_55_



CE:& 5.00V

(a) Waveforms for TX, RX in U, & U,

Tek il 10.0kS/s 3 Acqs
I .

,.
—

Ch3 5.00V
(b) Waveforms for TX, RX in [, & U,

Fig. 5.9 General data protocol communication
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