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Research of Dynamic Solar-tracking
Technology Based on High-precision Algorithm

ABSTRACT

In the contemporary society where energy crisis happens frequently, therefore
solar energy are attracting pupils for its clean and huge energy. To harness solar
energy efficiently it is necessary to employ the highly precise dynamic
solar-tracking technique. Simple algorithms were often employed in some studies
to approach the basic tracking with worse precision.

Based on the High-precision sensors, the position of the sun tracking
algorithms were studied.

The current energy status was introduced and the research status and
application of the solar-tracking technology were analyzed. The basic principle of
the solar motion was introduced, and the technology of astronomical sun-tracking,
electro-optical sun-tracking and their combination were elaborated. According to
the high-precision algorithm design dynamic tracking system, the technology and
application of the GPS was studied and high-precision dynamic tracking algorithms
based on GPS, photo detector dynamic tracking algorithm and technique of
mechanic power were analyzed.The software of the improved algorithm was
achieved. And the interface of the high-precise algorithm based on the sensors was
demonstrated by the software of the QT design. The running results was presented
explicitly. The 1st ring of the city of Hefei was chose as the observation spot, and
the GPS based algorithm accuracy was analysed with the calibration of NASA
official calculator. The algorithm was verified to meet the need of application and
will provide much valuable reference for the consequent research and application.

The tracking system studied here has attributes of high precision, dynamic,
all-weather capability, comprehension and self-adjusting. It is of great practical
significance in  highly precise solar-tracking, utilization improvement,
measurement of solar radiation and meteorological parameters and monitoring of
sandstorm.

Keywords: Position of the Sun; Algorithm; Dynamic Tracking; GPS; Photoelectric

Sensors;
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—ROLERR, ERZEVEE=BIEATUHERE.
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(3) FREURHa i i)

HER I et 7] R4 B T PR B A O, B W 36 B T 40 0 TR I 4 2 el
BB AL AR o 2 — MRS T2 0 55 5 T LURY I 43R 19 R o 7 2|
BRIRZE, HATRNT &8N,

4) ERIDEWAE

FERHLEGASEYBATERNE, ROV L0804 05 s 6B,
FA GPS PEMERIER AL . XEE RSN T EEITHNE YT
W RENREGRHLENSHRLITE, TEEHRESNE BHEN
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(5) REBIE

m%%%Eﬁﬁﬁﬁ%ﬁ%%%%Eﬂﬁﬁ%%*ﬁﬁ%%ﬁ%#i%%
ﬁ%,E%ﬁﬁ%@&ﬁﬂﬁﬁwmﬁ&ﬂuﬁ¢ﬁﬁﬁ§oEﬂ@iw,%
%ﬂ%é%ﬂm%mz%&ﬁ%,E%i%%ﬂm%ﬁmﬁ%&mﬁﬁ*ﬁ¢
ﬁﬂﬁ%ﬁia%%ﬁﬁ—%ﬁ%&ﬂﬁ%%ﬁ%ﬂAﬁmﬁ%,ﬁ*A%m
RERFERE,
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%%%W@ﬁﬁﬁ%U&zﬁ%iﬁﬁﬁﬁ,%T@ﬂ%%&%%%%wm,
éﬁi&%ﬁ%%ﬁ%mwmﬁﬁa%%ﬁMﬁﬁ%@%EEﬁ&Tﬁ%ﬁﬁ,
%T%%ﬁ%%ﬂ%&t%¢m&ﬁoﬁﬁﬁﬁﬁmG%%%ﬁﬁk%%%?
EHERREES.
3.1.3 GPS 1N %S

m&%%%%ﬁi%%éﬁﬁ‘é%ﬁ\iwﬁ\Eﬁﬁ\%ﬂ$\ﬁ$
. k. ALY, FHAREANE.

(D2REMERE

mw%%ﬂu%éﬁﬁmmﬁﬁﬁﬂéwm%%%F%ﬁﬁﬁm‘éiﬁ
m%%%ﬁﬁ,mFR%EW%%Xﬁﬁ%%a,@ﬁﬂﬂﬁ&k%%mFﬁ
H.

(2) S B 7 06

mm%ﬁﬁ&lﬂﬂﬂumﬁﬁ&ﬁﬁﬁﬁ,Eitﬂiﬁﬂ%%%ﬁ%
Eﬁﬁ,ﬁwﬁﬂuﬁﬁﬁﬁzﬁﬁﬁ\E%ﬁﬁﬂﬁ%mwmﬁaoE%m
C/A T H S B S A2 K BE AT LUK B 20~50m, SEBERSBE 4 0. 1m/s, )P4GB kb3 >
JERTIEE] 0.005m/s, A% E AL AT A ZE K 5

) mAEMFLF

E%,mw%%gmﬂU¥%%N%&,ﬁkm%%Tﬁﬁ,ﬁme%
AT BRAMBBEEA, AL REMEEWNTH.

(4) ZIRER £ R g

m%%%%ﬁ&ﬁm%,ﬁm%éﬁﬁﬂmﬁﬁﬁ,E$$Lﬁﬁmrﬁ
%ﬁx,E%ﬁtﬂ@ﬁ?ﬁ%\ﬁﬂ\ﬁﬁmﬂ\mé\ﬁm\M%‘ﬁﬁ
BRELANGE, RERKOFHANE.
3.4 FIUKA GPS BRI X EH s ¥

ﬁﬁ%ﬁiﬁ,$i&mGMAR&%%G&W&Mwsﬁ&ram%ﬁﬁ
%ﬁﬁ%m,%%%D%LEBﬁ%ZE@WuI%%%CWSﬁE,ﬁ@ﬁ%
TR, GPS BAA WA 3-2 fiR.
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Kl 3-2 GS-87GPS 5 H 4K

GSTAR ] GS-87 # 8 % F| SIRFIII (R MU ) & 20 R B e i o g
RN ER TS MR R, FCHURT LLLE /N B (48 285 B 4 1 i 08 Gis-87
OHAFESHINE 3-1 Fiox:

#3-1  GS-87 #idk SIRFII 5 K 2 ¥
GS-87 ik SIRF3 5/ 5%
B4 SIRF3 {5 4
2 JE B[] KT 458, ¥y
DA IE IF4T 20 @
ik i 4 st 100ms
RIYPE -159DB
B AFIR T K -40°F+85°
AR 3.3V £ 5.5V (VDC)
EMTRTER | 1s
fir 10m [ & 3% 2
SE ALK E 5933 0.1m/s
I [) Ims
EHTEH AR /N 18km
W NF 515m/s
i K 4g
REERTX | IMERE
IR | QGS84
1/0 15 & EXLHEAT TTL 0
i R R 4800 (BKIA)\ 9600, 19200, 38400 ik
Rtk & SIRF 3| H1 NEMA-0183 thHill
B GPGGA. GPGSA. GPGSV. GPRMC. GPVTG.
GPGLL Ji%

3.1.5 GPS {5 WYX NEMA-0183 tiX




GS-87 M BREORA S O#ER, AHRELET NEMA-0183 13 %ix
17 % NEMA-0183 H i 3£ 24t 8 # GPS T UMK 15 B : $GPGSV, $GPGSA,
$GPGGA, $GPRMC, $GPVTG, $GPGLL, $GPZDA, $GPDTM. HERER
HR GS-87 B RS-232 8110, REFET XS NEZRINFRHEE (L
ZiLE. PDAS) b, Kol rEENE 3-3 §iF.

vee
vee
0
T Wl BRRGEASSRP | CY 0F
2 et yee JHEt }———l’ IGNB
TIEMRARK T o 4 c5 0.IF
60 ct- o ENE (I
T — P o
XA = s e ol jiono
™A . G.1F ] e :
vee
RXDA :3 rm o sl
™oa Mmoo -’—K
65-87 —RJRIT  Ri2 [ per—
R b d e R2_TTL R2_232 Prees—
engine boar - ) e — rg_x
oN
i |- e, b ono &
4 I
I 0.10F
|
GND  GND

B 3-3 GS-87 A &M M B
TEXNEHEE R RN, BANMAREBAOME, WF 32 Fi7m o

R 32 NEMA-0183 U3 Wi 2 5 B

F5 RS HHA BAWK (F4)
I $GPGGA SRR HE 72
2 $GPGSA T2 PRN $iE 65
3 $GPGSV TERBER 210
4 $GPRMC B RS 70
3 $GPVTG MO BE 15 34
6 $GPGLL KIAFRAS B 72

T HEZEH N HSGPGGA B4, iX £ — GPS & AL ) + & 38, LREHE
R, ARAXhEERRZEQRTIHE.
$GPGGA #HiE# . $GPGGA,<1>,<2>,<3>,<4>,<5>,<6>,<7>,<8>,<9>,
M,<10>,M,<11>,<12>*hh<CR><LF>,
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SERR R F . $GPGGA,085025.000,3150.7539,N,11717.4181,E,1,08,
1.2,20.2,M,0.4,M,,0000*5B.

¢i%§&%ﬁmi3d¢%%ﬁ‘%Eﬂﬁﬁ%ﬁﬁﬁﬁﬁﬁoﬁﬁw
BNBWE 3-3 Fim.

%33 $GPGGA Mifs Bk %

$GPGGA i ID

<1> 085025.000 | UTC Ft|a]

<2> 31507539 | B, XN ddmmmmmm (jg4y)

<3> N GEER, NHS (t&®E4)

<4> 774181 | 2R, %R K% dddmmmmmm (4)

<5> E ZE¥R E (KB KW (B&)

<6> 1 GPSRE: 0: REAL, 1. 24 EH, 2. E5ELNL, 6:
EEMAE

<7> 08 EEAE MRS D2 (00~12)

<8> 1.2 HDOP APHBERTF (0.5~ 99.9)

<> 02 | WREE(-9999.9~99999.9), M Fmspk

<10> 0.4 HRRHERRTTAR R KUK BT R, M BBk

<11> oo Z 5 Bt ]

12> | 0000*SB | 43k ID % (0000 ~1023)

32 ET GPS MR EN A EE g
$§&%%%«%i%&»mﬁﬁ&ﬁm—ﬂ%ﬁﬁﬁ&,EE%W&
Reda fl Andreas f) & 351201 Xﬂ‘i‘f“ﬁiﬁﬁﬁ%}ﬁﬁﬁﬁﬁﬁ%ﬁﬁ?ﬁﬁﬁ@ﬂf’ A
SMEHRTRE. B Wk w4 gy 200
&ﬁ*ﬂ%G%%@%ﬁ%%%ﬁﬁﬁ%ﬁ,&Kﬂ%ﬁTﬁﬁ,ﬁﬁﬁ
ﬁé%%—%%%%~ﬁ@mxmﬁgﬁﬂﬁﬁﬁ%%ﬁ,#%ﬁﬁﬂxi&
RHEEN R LR EE,
1. R REHE
(H:ﬁﬁw,ﬁ%%%@ﬁ?tmw,%Uﬂﬂﬁﬁﬁgﬁmwmﬁﬁg
%,Eu¥?ﬁ¢%0Wﬁ%,iﬁ%?kmwm,ﬁWﬁ&%%Uno
TM:E%E?W,&@%ﬁi%%ééﬂﬁ+¢i%§%ﬁ:§éﬁ%
YRS, B — G FMENNE B RS,
Um:wﬁﬁﬂw,u%%%%%&%—ﬁwmﬁﬁﬁﬁ,ﬁW%ﬁﬁﬁ
B UTL (UT) B %2 Rt +0.9s.
TTHDD:M&ﬁ%W,%Xﬁﬂ&iﬁmwmﬁﬁo
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THERLESEZ MMERR Cafr. ).

TT = TAI +32.184 (3-1)
UT =UTI = UTC + AUTI (3-3)

A AT Jy tth 57 I FT o0 BR ) % 0 (TTY B 2218, BREA®. ELEEFHZ
MATEE NASA MITHE X ATHENRF, UBRATE —FEhEE.
AUTY R 8 38 b BR 7S 40 000 £ 6 1

2. R H+E

Eﬁi’%ﬂ@ﬁﬁ*ﬁmﬂm%%ﬂ%%aaulim Day), & ¥ H & —f AR H4E B
HEKM B, 6% ID, HitEyEmT.

ID =365.25x(Y +4716) +30.6001x (M +1)+ D+ B—1524.5 (3-4)

KA Y BER, Him 2010, 2011 2, MAA®, Hlin—HiaHh 1, U
REEFERNEE M3, MALFHMA Y EEBEY Y=Y-1.M=M+12.

D: decimal time, RAFEN A R HER, BlwmEANAR 2 2 12 1
303 30 ¥ (UT), D=2.521180556, VE T AR 24 3 B [ 5 e o SR

B: & H ID<2299160, N B=0, FAKFMEHF (Junlian calenar); #
ID>2299160, W B=2-A+A/4, HEH A=Y/100, RKAKED (GreGorian
calendar).,

WEBH, UA¥etEMEBE Qulian Ephemeris Day, JDE):

AT
86400

T HAREE A (Julian century, JC) B B4 (Julian Ephemeris Century,
JCE), JCE & BAJy % it i & 5 % s it 42, ANEFREFETFEE Julian
Ephemeris Millennium, JME), #&WTF.

IC= JD-2451545

JDE=ID+ (3-5)

3-6
36525 (3-6)
JCE = JDE-2451545 3-7)
36525
ME = I¢E (3-8)
10

3. ALHA L. ALE4 BMALSERER
HOL R 8 R LUK oo it Bk L EHER A OB L, TR

L, =A, x cos(Bi +C; x JME) (3-9)
L=3 1, (3-10)
i=0

KA B CAMARFHRTME 47 A B. C 1M, n AATH, HER
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MR L, K 64 4T, HAL F L ERp L0,
WHMRAOAE L CRfr. g
L_Lo+L1xJME+L2xJME2+L3><JME3+L4><JME“+L5><JME5
B 10°

(3-11)

R I RE A R B
Lin degree) = L(in radians)x 180
/4
HAr L WA ETEE A 0°F) 3600, WRHOEE BMAENE R M LR
B L.
¥ L. BEATHEHMRFHTAIARELS KL O
©=L+180°
B=B
4. HEEF Ay NP EF Ae
HBRE D EE R KA ARG S, T S BR R 2 B ok
RERAREWIHA MM RENS Y, BALHE.
RERFURBA 2 18] (9 5 35 1 3 e (elongation ):

(3-12)

(3-13)

JCE?

Xy =297.85036 + 445627.11148 x JCE - 0.0019142x JCE? + (3-14)
189474
KFHEFEIE A (anomaly):
,» JCE®
X, =357.52772 + 35999.05034 x JCE - 0.0001603x JCE? - ——__ (3-15)
300000
AP HESA.
,  JCE?
X, =134.96298 + 477198.867398 x JCE - 0.0086972x JCE? + 56250 (3-16)
RERII B B8 (argument of latitude ) :
3
X, =93.27191+ 483202.017538 x JCE + 0.0036825x JCE? + JCE (3-17)
327270
AREATREE (longide of the ascending node):
3
X, =125.04452-1934.136261x JCE + 0.0020708 x JCE? + JCE (3-18)
450000
RIE SRR TAU2000 (13- B, w78,
4
Ay, =(a; +b, x JCE)x sin(z X;x Y,,,J (3-19)
j=0
4
Ag; =(c, +d; x JCE)x cos[ZXj xY, j) (3-20)
i=0

Kifa by ov A% a b oo dBiFINEH, X, 8 X, 583,
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Y RY,ZVLEZifs%, H A2 B Reda M1 Andreas # B0V g Bt g
.

BEHHENELES Ay AP EH Ae wTF.
ZAWi

AV = 25000000 G-2)
iA&‘i
Ag =—i=0
36000000
5\kmﬁi§%ﬂ\ﬁiﬁ%ﬂﬂﬁﬁﬁﬁa
ﬁﬁﬁﬁﬁfvﬁrﬂﬂ‘lﬁgfﬁﬁﬂﬂﬁkﬁﬁﬁiﬁ%,5: RAT et s a2
B 5 A5 5t ], KPHI B4 52 B3R oe. f&/b?ﬂﬂ%ﬂ@iﬁﬁﬂﬂﬁ‘%’“ﬁﬁﬁ@%

EW, BERE FAAMELHEAR T, (R A
A=@+Ay +AT (3-23)

(3-22)

Hof Ar=- 326"0:8912 HBESH.

HRTARHETA IR A G %, AN 18 3 4 7 5 I T Lo o e £ 2
AEME (£=237262052"), BB Ezme, FUELMERRAEER
ERMBE (BEHA) M EEHERTR (&), HEARWT:

TRRAZT A e, R HWH) Kb U=IME/0.

& =84381448-468093U -1.55U7 +199925U° - 51.38U" - 24967U° - 39.05U°

(3-29)
+7.12U" +27.870° +5.970° +2.45U"°
HEWERLT e CARLHE) WTF.
£=— 4 Ap (3-25)
3600
6. KMAZZa, KFEKRGSHAMMS H
UWHEBRPLUBNAL o, KESMLHES H .
tang = sinAcose - tanfsing (0°<a <360°) (3-26)
cosA
sind = sinfcose + cosfsinesind ‘ (3-27)
H=v+l,, -a (3-28)

H v i8R, la MR R EZE (KLY, &R ),
%Ffir—ﬂiﬂ!%i(F‘Hﬁiﬁ%lﬂﬁﬂﬂﬂ%#ﬁ@ﬁﬁ?‘iﬁ%, B A FE 8k
PRULEARERG, FEABENEERNAERE,
K BAK A
£ =8.794/3600x R (3-29)
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UEBCESHA u (BB,
tang = 0.99664719x tang (o S it 38 42 ¥ ) (3-30)
B IE S 57 x:
x = cosu + (E/6378140)x cosg (3-31)
HbE MBS SRR, B K,
UEBESHIT y.

y = 099664719 xsinu + (E/6378410)x sin o (3-32)
BARE BN ARZHAEEUE Aa
_ _ -xsinésinH ]

fan (Aa) 08§ - xsin &eosH (3-33)

BIEXNESEHFZS
5 = (sin&—ysin;kos(Aa) (3-34)

cosd—ssinécosH

BIEAESHfAH

H =H—Aa (3-35)

320 RPN R 5 i v
AR, ﬁﬁ%ﬂﬁz’%ﬂﬂﬁ%ﬂﬁﬂ@ﬁ&ﬁa%ﬂ%mﬁa, SEELRT A PR
R BE i%k’ﬁ%ﬁﬁﬂéﬂzmﬂmfﬂﬁaiJr%I’AitﬁuT, B HE.

e, = Arcsin (sin¢ *Sind +cosg *cos S * cosH')x 180 (3-36)
T
ERRKSIFTHOEW de, BEARIT, B AE.
- 10110 " 27238j T = (3-37)
0xtan[eo+ 103 )
& +5.11

Kb P AL ETYKRSER, A yEm (millibar), T X4
R, BRAT, e bits, #frhpE. REEKMMMA e, BhrppE,
e=¢, +Ae (3-38)
ROARMWALR, THERTA a O+ EAR, BAAE: a=90—e
BIERMAMEGEATHEAR T, B R,
sinH’ Jx@
cosH' *sinp—tans’ *cosg

I= Arctan2( (3-39)

T
HUKEIINAT RMES T8 o, TEE K 0°F] 3600, Hfypr.
O=I"+180 (3-40)
FON AT LR 4 B F B fals Bt A R A th H & 18], 7T LSS Reda
A Andreas ) &R gm 3 2,
322 HiEERhHERK
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E&if@%iﬂﬁﬁtﬁﬂ%%&thﬁ%, TP O B o 5 AR T 7 — R
IRk W5 A0 R A

&ﬂ%ﬁ%ﬂ@%ﬁﬁﬁ%(%E%HHQHUT,%E%HLMﬁ%%
B3R 18 K, Ll B4R AT U@ i GPS e R . IF O % s Ty
“UE 101.25kpa, B 1012.5millibars, FXHREH 15.7C, Frabm K %48,
ATHE 2011 EHUE 65 55,

A S A IR %A 2011 4E 5 B 1 HEORPBAAL B (5B fy . w5
) FUKBA H 7% B jag 21, A EH SRR K 5 B 25 4R, HE N
M 18 1 50 43 37 BCY, SR 5 2 R 4 Hh 2 P 4 P 3-4 400 £ o % R 4 D 3-5,
B I B 1) AL b 6 B30 F 4 18 f, B0 KR

APHERER % 455

=EMm(E)
80[-

60 |
40 |
20

M N T P . 1
AN
7:00 9:00 11:00 13:00 1 5:00 17:00 19:00

°

-20%

BI3-4 SALTTR—3R AL 2011 4E 5 H 1 H A A9 A BH e 3 i it 2 1

APHRRRRZ: 47 ;

FHIUm (E)
300 r

250 f
200 p

150 F

50 M 1 PR | CE I P " 1 M J
7:00 9:00 11:00 12:00 15:00 17:00 19:0

B3-5 SRENTE—FRHEAL 2011 465 A | H B 750 4 i 42 )
AHEFH, FIFH GPS B ERMME S EEBELBH, RIE 5%
Reda Fl Andreas ) A BA £ & 535, YN EA € ZITVE AT DL 2 &
CAES 2R S NER 3 S QTR Yok REEX TR EARBRLE. &
PEHR A1 550 1 58 15 50 A0 00 A 2 L 4 0 i i ¢ 210,
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33 KB G

$§$E%ﬁ%Tcwsm§¢ﬂwﬁmmﬁ@,H?ﬁﬂ%ﬁwwsﬁﬂ
Wﬁﬁﬁ@%&?ﬂﬁﬁm,%E#ﬂﬁ%T~ﬁ%ﬁEmtmﬁﬁﬁ%,%
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$%%&TKXWﬁm%mmamﬁﬁﬁﬁ%,#ﬁiﬁ%?ﬁﬁ&mﬂ
%ﬁﬁ,zﬁﬁﬁﬂwt%mT¢X%%&®ﬁ&§ﬁ,%Eﬁﬁi%ﬁﬁ%
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FNE ETEGINZE N QEIERAH

RIS RRMBRE R — BB BRB R, 54 b i BR
Wk, FBIAMME KR, R BE S, ERBEA ., BEMERR
BRI B0 28 O K8 B B BTG, P07 B 0 5038 5 R R K O B
ERMBTUSRRERFGE, FUCKRE SN, AAHRENEE
B S8, BRERGLEMMBH B, LR AL R LI — 2 S
HZ AHBEMEBRAM, WRAMHFERFMEELA, RERECHER S5
LI A BRI, T TE 2 T4 |

TR0 SR BT LK R SO B R BB, T E
EHRHE. HEFERRT RN SRE.

41 ETEKEEHEBRYISE

BB EE S H CCD. CMOS UL & CIS ERB=F. AxFEH
4 CCD 88K A CMOS $E 15 Sk 75 7 [B 4 4 28 122.23)

FL4 5 & 2% 4 (Charge Coupled Device, CCD) £ 20 ML 70 ERTFEREM
R FHEGAERR. CCD BEKERBOL 8, ARIELBHM, R
HEAK LR EE, WX EEESH Sk, MHR T — B =8
FR®BZE R,

B ¥ F MR AR R M SR ERE, CCD MM B 2K, 1
REWHREERK, ERE. WE. BELEMRNE T TR L% S MM,
TR AT AN B 4 R AR 3 I B o B0 1 % 250, oD FERFARKESE
TERGLAE, KIHREXERS HUALES AT HEA . AR
HLTIE B AT AR 12326.27)

CMOS (Complementary Metal-Oxide-Semiconductor ) BGERE, RS
BUGHE. BOKB. AD B, R, ¥ FERERNTENEN KL
SRE—REA L, BHAHMKA, MEHEL. R o 2 0 A A 1 B 2
(281, cMoOs BRERBCLTRE UG, HETRMERESES, FHlr—
=R TINE It 4

FELFR R, E{%%%%IE%W’EE@%%%&%%E]f%&iﬂi%ﬂﬁﬁﬁ%
D[29]°

CMOS IRt AREmERE. BE. MR, RO EEHFA B
DAFE {635 2 F BT 4 b o5 38 35 18 K B 4, CCD BeERSHTHENATY
s %ﬁ%%@@ﬂ%i’@zlﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁF%‘if”ﬁm}ﬂﬁiiﬁtﬁff&j:
B':Jﬁgﬁj\p’w]o

5 CCD BB 8 #4T L, CMOS BRI — R EH W F g 42,
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(n%&gﬁn~$cwm%@$ﬂﬂu%é%%%ﬁ\%%Htuﬁmn
HHEagr—ig.

(mmﬁ¢oﬁﬁ%#T,&aﬂammﬁ%me§$zo

(n%%ﬁéoﬂuim¥¢%%§%%%ﬁ,%%25&%%%%%%,
BRARE TENREMATHB Mo,

Eﬁtm%ﬁﬁ¢,EE%E*@@%@%E%%%%&A&ﬁ,EEﬁ
m%%&%%E,wﬁ¢u&ﬁ@ﬁ%%,%%%ﬁZE%ﬁcmm@%ﬁ@
28 X K BH IR B R 48T 83

42 CMOS B HmEN ARIBRER

421 BRERGEE
%%m§¢ﬁ#ﬁﬂwzﬁ%ﬁ%%%ﬁ&ﬂﬁﬁ%ﬁﬁﬁﬁﬁ&ﬁmm

%%,%Eﬁﬁ@@%%ﬁﬁ&@ﬁﬁ@%ﬁa,ﬁﬂ%@%ﬁ@ﬁ&wﬁ%

%@@ﬁ%ﬁﬂ,mﬁﬁﬁ%%%%tmﬁﬁ,ﬁﬂtmﬁﬁﬁ%ZEﬁﬂu

%mﬂﬁ%%%ﬁtmo%%&ﬁﬁﬁ@%@4dmﬁo

A,

RS

v

RERE

'

RGBT ER M E

!

Wzh LR ER

B 4-1 CMOS Bt mkasxt H Bemism
422 CMOS B &R gk g
g?@%%@%%ﬁﬁﬁﬁ%ﬁ&%&ﬁﬁﬁw,%ﬁ%ﬁ&i%ﬁ%ﬁ
B BT BR B A R BR B,
&mﬁﬁﬁﬁiﬁﬁ%m%mﬁﬁﬁﬂ%@ﬁﬁﬁﬁo%bmﬁﬁ&xﬂ
u%%%@&%&&mﬁ\ﬂm%¢bmﬁ\Eﬁﬁﬁ%,mms@@%@%
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%%E@ﬁﬁﬁﬁ,ﬁﬂ?ﬁi%ﬁ%ﬁﬁﬂﬁﬁﬁﬁo

Eﬁ@ﬁﬁﬁ&&#¢,‘¢ﬁﬂ%i%ﬁﬁﬁ£%¢@%ﬁ@uﬁﬁﬁn
ﬁﬁiiﬁ,iﬁﬁﬁm,X,Yﬁ%ﬁﬁ%ﬁﬁ%%mﬂn,wﬁﬁﬁﬁ
7 K P

m, = y x.m, 4-1)
k=1
m, =) ym, 4-2)
k=1
FE 00 B 3 B R 0 AR oy
D EILY (4-3)
m.,
— Z Yim
- 4-
y S (4-4)

%%,i%*%ﬁ?ﬁﬁﬁﬁ@ﬁ%ﬁ&mﬁi,ﬁ*AtﬁEﬁEﬁ,
S=1 A HIRA, S=0 N3 HH5A:

e, = A ”xs (x,y)dxdy 4-5)
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Required input values:

Enter start date:

Year: 2:0:2 Month: Febrvars
Enter end date:
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Enter output time interval:

Interval: & <~ Units: (' Second #Minute

iDLy *

Enter site location information:

Ti%7i0bserver latitude (negative south of equator) [degrees]
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