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Abstract

Abstract

Astronomy is an observation-based science with very demanding requirements
for observational tools environments. The application of Remote Observatories
largely overcomes the impact of the human modernization process on observational
environments, and resolves the contradiction between the obscure observation
environment the ground telescope site and the living environment for human. With the
rapid development of time domain astronomy, remote observatory is becoming an
important tool for time domain research by virtue of its advantages. However, there is
not yet a stable and independently developed system for the construction of public
observatories, which largely impedes the promotion of the Observatories. Therefore, a
set of standardized, highly stable and easy-to-promote remote observatory systems is
urgently needed.

The connection control between the user and the remote observatory is the core
and the basis for the operation of the entire system. Therefore it is the first problem
that needs to be solved in the construction of the remote observatory. The main
content of this paper is to design a programmable integrated hardware control system,
as a bridge between the observation system and the observing equipment, connecting
the common equipment of a remote observatory, and realize the remote connection
and control operations. The main contents of this dissertation include the following
aspects:

Firstly, through the modular design, the common functions of remote
observatories are packaged and integrated, and the appropriate chip is selected
according to the function of each module. With the main chip as the core, the logical
connection relationship is designed, the standard interface is reserved, and the overall
design scheme of the remote observatory hardware control system is completed.

Secondly, according to the overall design scheme, the key circuit schematic
design is carried out, including: power distribution network design, AVR single-chip
peripheral circuit design, GSM/GPRS chip peripheral circuit design, TCP/IP chip
peripheral circuit design, single-chip control logic circuit design and monitoring
circuit design and so on.

Thirdly, based on a comprehensive consideration of signal integrity,
electromagnetic compatibility and power integrity, the PCB design was introduced in
detail, the processing technology was set, the board and the patch were made, and the
physical objects were produced.

Finally, the PCB board driver is designed for, and the PC is connected to the
measurement and control software for the hardware system. A final test on the
hardware control system were conducted.

The remote observatory hardware control system presented in this dissertation is
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the first version of the design, which could meet the basic needs for connection and
control.

Keywords: Remote observatory, time domain astronomy, integrated control, the
signal integrate
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Fig.1-1 Computer-controlled telescope at University of Wisconsin
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Fig.1-4 Early APT units service case Fig.1-5 Microcomputer Control of Telescopes
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Fig.1-6 RoboNet-1.0 Global site location map
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Fig.1-8 Global Light Pollution Distribution Map in 2018
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Fig.1-10 Xinjiang Karasu monitoring point local terrain and site
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Fig.2-1 Remote Observatory function module block diagram
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Fig.2-6 Traditional Ethernet access scheme
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Fig.2-8 Remote Observatory overall structure block diagram
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3 BRI I OIERI G, T RAMEF ¢ (LA LD 5
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1 A SIM RRBEEM;
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1 B H AN

1 PREERK ISP 27 FEHE 1T,

O 7 1) ] DABEAT B bt 388 T DA 5] 25 Hc i 5

TAEMIRE 44, 75 EAR B I LA IR RS M YE
Hes.

2.4 KREINGE

AT FEPRR @RS G AHE R RSB Rt R . Bl
BACBETE, I FER B B W DRt B &, B8RS e AT REAE
K, JFRE A ThREBHAE AT 7 VE4RRRE . IR, RAEDIRAE R f 45 & icfe
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238 TRATABHEN RS REE R

b—ml I SRR R, SR TR R S S AR ] R AR R
AR EARIE AR BT R, BT R . KRR R e
3-1 BRI OB ARHE ], BRI N VR A A R, w1
P T R FH AVR SEH, 282 1112k F W5500 SE3, GSM SR SIM800C 5K
DL, W% R ORI X 445 B R P 4k LB rEL s, W IS TR AVR 5
W I R SE I . T TH 20 Sl SR I AR A O L T VT R

PR A, » B P GSMiEHER —jl
b A
gt Wi ek
BRER =it =i ik y| FIRERE
#0 [ #0
IR0 [ZEs ] RO
FHHEN > s, > imEHHEAL

K 3-1 @AE R R HUS AR AE A

Fig.3-1 Remote observatory module logic block diagram

3.1 IFERRE BRI

A AR 1 SN A HoA F B B SR A R, RS BT I S R R R B
B RGBT AR E I, BB PR SRB — NI A EE AN
R A48 1) 2R e ) TR IS AL DR BB B0 o Hl T AT R 48 A T R oA AR UE R
JEHAE BV K AT AIE A, DRI A1 28 G0 s AR B s i A 75 24> 5V B
BN, HABKIER TR E 5V R, ARV AR LA I A\ A% ] L
P 2 AR U s P AN A LS L T HL B

3.1.1 ERMINIT I B B

PR A N\ J2 1) FEL B G0 P 3-2 o, PRI N FELES ) I 1002 25 Rt N L IR 7
NERGIRMSRE . TR ER A, Ho VCC_SV_IN USRI L, S1
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S RGN, 4 SL A, R L, FIRATLUE ) D R
AL EFEBTIAR L1 RIS 4% CLHIR LC IRk, TR 4 A ek iy
ISR SY, (RBRE M ELAALIE . (8 F 2 BUEFF 7 T BL 23 DCIDC
LR AT, P KSRy . 53— 7T o 1 s 0 2 2 B P
RS 4RI T b 398 7 A 5 o AR B P
LR AN, (R TERIRSE . [ HLE CL IR IR, B

ELR RS T, 5% ISR 5 B R 75 . C3 s 2y C2 HRI s 20k,
— TR SR I A S 3 — 7T s 5 08 R R At e
BERE 7. 24 AL SR LHL R A T, AR rl e T 1 5SS SRS AL,
I SR s I s 2 2 R B sl S LR R

VCC_5V_IN
Sl
SR E7E:
_ VCC 5V
Cl
1+ +C3 c2
10pF | 104

GND GND GND

3-2 LI A FE ] R ]

Fig.3-2 Power input control circuit diagram

3.1.2 PLEIEHRIEE B %

VCC 5V U3 VCC_3V3D [, VCC_3V3A
3 v By 2 A
= Vin = Vout

- < ] . TuH
d*ci] e |8 d*xcio |9
—_— = ~| Aamsii7 &/~ T~ ==
10pF  [1o4 104 1ouF | 104
_L_
GND

3-3 ALK LRI e L i

Fig.3-3 Network module pressure regulation circuit

W £ A i T L P 3-3 T, B BN ZE AR U 0l - W5500 $ 1 T4
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] CAR i8S Bk ARt m iR, RAEHE U I Ik R . AMSL117 R ER
JE 43 2 P g H R RS rT R AT e, A SCade [ e L RN 3.3V 1% I
BERIRS T, TAEIRE-40-125°C, & e L n#k 3-1 Fin.

% 3-1 ASM 1117 & #isE X
Table 3-1 ASM 1117 Pin Definitions

S EHa 1/0 ThRe
1 GND/ADJ _lo Hi/ADJ
2 Vour ¢ v A
3 Vin I WA

AR R, T HIfR AMS1117 s, ZoRHH R EEE —AIECR
FOAH RS . PRIIE A HE BRI N S5 6 FEL 2 10pF AHFEZSA 104 @ sz . H Yty o
Wk 3-4, WA ER. W5500 T 1F B[R 75 EAL G, ke 3.3V
B W fE RN LC SRS IR, — T T AT ALK 2 rR R AL B R R B T, )
— 3 TR A5 A4 1 P B PRV B2 /N2 B 11 s SR FRLAS, R O T A TR Sk A il
BE R B AR AL, B R e R FRLR I R R

K] 3-4 ASM 1117 H BRI A
Fig.3-4 ASM 1117 circuit test chart

3.1.3 FHUELRIEE B R

FHUBEHC K S W] 3-5 Fow, EENFHUEEAZ 008 7 SIMB00C $24E T
TEHLEE. RN GSM FEVES M 48 i) 2 7= AL il 2A HIHLR, [RIUERE EE B A A
TH I N BE 7 B HLYEUES F o AS ST A MIC29302 F& s, %t B 11N ARG R
JEENL, B R PR BE S R 5. AMZAR RS e I AR, AT LA
By kit i B Lk 3-2 Fis.
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Loy LD [ . )
MEoo< R2 _[+¢7 1L C4 _1 C5 1 _Co6 R3
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i i el el ol 100K [330uF 10pF my 104
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Fig.3-5 Mabile phone module pressure regulation circuit

2 3-2 MIC29302 & i X
Table 3-2 M1C29302 Pin Definitions

S AR 110 B
1 EN I fiife
2 IN I EIPNGENES
3 GND _Io i
4 ouT o) Bt R
5 ADJ _Io ADJ

FEFHUBELE K B TN, 38 MIC29302 Fa [kt ks 5V HL R4k 4V
MR, FRRESR A K 3A MIHLR I H . 7R VBAT It & 2 NMECRHIEH
%, Biik VBAT ML BRI E ISR NS 3.4V, SEUSEHRE . £ BN
B/NEZE, AT LLIERR GSM 1) 900M AT 1800M KTk, S3 MCU &5 . fEHIE
Wy LR EAEH 2 AR IFE, WTDARAME, oAb, RKIRTFHLE & .
AL R, PSR R O R W

_ Vour N
Rl—RZX(l.M 1) (3-1)
A Ry SN HBEAE
Ro—3 /M BHAE;
Vour R ) R E

a3 (3-1) A1 Ro AT Re BYSKR AR, MIMTTHEE AL PRAE . AR e Fi i Pl 00 45 LI
s 3-6, AL EOR . IZAEHUK LR RE S I, A T IR 2 R TR HLYE
TE YA IS H T, BT DOEd % 51 o6 PSSR B A A IR AL 1X A1)
BEAE KPR A2 S, FL S BETHIRD RS EN 51 B B B A B, R —
AN LB B E s b, IS AT A as T, R MR R AL
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3-6 MIC29302 Hi, il i &
Fig.3-6 MIC29302 circuit test chart
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3.2AVR BRI RGBT

FERFEAR LG M BEAR v b, SRR MRk (5 TR B A A LA B
REIBATEIR BB A LS 55N RICE IR ERIE D GERE RS, A2
R AL N AILURETE S, KBRS XM AT RE. AVR /N R G
F 5B 1k BN BRI 21 )5 80T Ao PRLeox B L 2R e HEL R R R0 T 0 SR B

3.2.1 AR

VCC ey
| 10

| ol o
; ] 32 AREF

Cl (2\051 AREF
7 GND 1 =

- \ 11
GND GND |
=] —

a) HLYEH N L b) S HLE 5| B HL PR
a) Power input circuit b) Chip power pin circuit

3-7 O L
Fig.3-7 Chip power supply circuit

Kl 3-7 5 AVR T ALAL R R, S8 BV I, 7R FIR 5] A R
PN B S JERR I 75 S, BT T 9iERE VCC Bl . I T A AN K 3 AID #
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3.2.2 SMEREIEEEE

& 3-8 ¥ AVR HLFHLANSE A M . AVR A NN E B AT, AN
SO, TSR EEBETEN, LA EN)E, £ RST 5k
— A ERrEpE, Bkt B AL, 10uF A C2 HIRIE TP J4i% .
K1 fcftseth, w7 LLTEE FIS R RST, 5 HL5E R AL

VCC

10K
RST
J) [+
“TC2
K1 10u
L'

3-8 AL HLES

Fig.3-8 External reset circuit

3.2.3 SMERERRERL B

ATmegal6 N & RC IR 4, ] BRIN R /NN IMHz, F§ B LK
T AR 5 B T ] DL A SO ML 224 3 AN SR . i 3-9 H
ATmegal6 #hs it F i

[ _ XTAL2
[

N

30pF
GND-I”—< —
30pF _‘J‘ X1
| )\ XTALI
i
3-9 HhER AR IR HL

Fig.3-9 External crystal oscillator circuit

>

3.2.4 ISP HIEOHB &

3-10 M ISP ik N &% D, BT iZ AT BATA SN e as i, PB7
(SCK). PB6 (MISO). PB5 (MOSI) FIE AL HIThRERT LAASZ ISP [+
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PB5

RST
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WOl LA Ll
= R N

KT

1

K] 3-10 ISP Ak 42 1 HL %

Fig.3-10 ISP download interface circuit

3.3 W5500 R % B it

P £ AR B2 R S B AR I R OCHE, I AR RSB RGP DI RERLER ) kY 2%
5 RS AR EE AR R HL ST . W5500 8 1 I 8 A A% B A, LT
VR IF IR SR 2 T LR IE IR IERE, HEE T T

3.3.1 IhERERIREE B

ANER I b N 5 XD, XO #h4%E 25MHz fdi, Wi 3-11 frs.

31 X0
X0
XICLKIN |2 Al R M ___
L R17
Y2 < OR
25MHz
] -
—¢c18 ——c20
18pF 18pF

3-11 AR HL S

Fig.3-11 External crystal oscillator circuit

3.3.2 SPI B [EIEHE K

W5500 #24L | SPI HRAT A T f A EALSC LR R, 245 MISO.MOSI.
SCSn 1 SCLK 4 {55 . MISO 1 MOSI 73515 W5500 ] SPI KL% Hi M H LA
NI FEHUE A ML 42 0, FHSRTERUE B A8 H.. SCSn 2 W5500 1 SPI ik $%
M, RSP S G 2 Bl PN IE A, IR SPHE A . SCLK 2 W5500
f¥) SPI B 422 11, 42 SPI ML AR 1251 I A T- 42245 SP1 E ML #1145 5 . W5500
5 MCU B4% 77 SN 3-12 iz, SEBRE AR AEEAE SCSn 51 4 —A>
FBH, B 1R iR R
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SPI MASTER SPI SLAVE
MCU
(External Host) WS5500
SCSn > SCSn
SCLK = SCLK
MOSI | - = MOSI
MISO | = MISO

\, N,

K 3-12W5500 5 MCU # MR
Fig.3-12 W5500 and MCU serial port connection diagram

3.3.3 E{th 5| BS I B B

MRAE S A BB, O IR BT IR AT R B O, A
AGND Fll AVDD 4 il B st AL 3.3V HLE . VDD A1 GND 43 Hll #5507 3.3V
AT Hh; EXRESL (100 5] % M8 SR AL 2 A4 —> 12.4KQ, FEFEAH
1% HPH, LR ZE KN 3-13 Bk

EXRES1 10

EXRES1
11

AVDD
12

NC
R21
12.4k 19

/77 I
W5500_AGND W5500

3-13 S1E S5 FLFH L

Fig.3-13 External reference resistor circuit

VGB (18) 5| [y Bt FELE , AR A5 AMEBS 25 Hi%5 51 i TOCAP (20)
WAGERE—A ATUF ZEHEZ; 1V20 (22) 518 1.2V kL, X NEa
JE 2% R L, % 5] DA SR — A 10nF HLZS ;8 A RSVD 5] DA 25 4= B 42 4

NC 5| Jl. SPDLED M 4% 3 i 7 kT 51 B I =4 iy 9 2% 33 5 IR 2 ) . DUPLED
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ARAE: RSTn HESIM, KA &5 I fREF 22> 500us 7 BAfE W5500 &
WEE, MHNZT R B, BiibiREE. RS — B A
BL1O BN E, Sl ENLEHIE A DIRE

PHY T{E#ixH PMODE2 (43). PMODE1 (44) i1 PMODEOQ (45) =45
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JHPIRS o « ARTHE T A DhRe, JEZhEahe, RS IHEERRIA 3
ANGIEAE b .

RXN/RXP 15 5% A ZENE 5. TXNITXP (55X A ENE 5.
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(27) FERAEIAREFE T Bom E s ORI 2 e FE B G O, A FE-F I A 2808
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WP ERCE, it W5500 &5 5 51 AR LS, aifE 3-14 iR

GND
Voo 3v3A VCC_3V3D =
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VCC 3V3A
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AGND

Wl

1
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il rpw SE 5 AVOD \MI Znet
== Tkl r == 3
ED+ |3 < — B 0
—| s H DNC KI/CLEKIN
5 a4 ak T AVDD GHND
= AGND VDD
ED- |s czfrn';gﬂ B2F. | 62} %? EXRES] ACTLED
AVDD DUPLED
Crgen_2 w12 e LQFP48 LINKLED
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L 103 o%@%@%%%@gg
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R — s i) 3 I
Ia)

HRO111054 &
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3-14 W5500 5| 41l i it
Fig.3-14 W5500 pin peripheral circuit

3.4 SIM800C A% H i&i%1t

SIM800C F& FHUBL BRI Lils B, DsTEMCAOE FHURESS , AT SE Bl 5 1%
o Bk, EHFHIERIDIRER, SEEBT SIMB00C & Fi A St Hik -

3.4.1 TR{LE B

SIM800C [ N\ HL T B2 3.4V 3] 4.4V, —fFH 4V 2\ VBAT. il
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DU RIHR R BT, 2724 —ANEiE 2A BB I B, S50 VBAT 7745k
[ H R k% o WIS E VBAT Side N— AN KB 55 B8 HLZS, MR 4 S bR 75 sk - B8
100uF 12— 1uF~10uF M2 . 30 33pF A1 10pF A LR m i+
P o RN 7 7 IR IR VAR E R B 45R, FEALER VBAT 5 E A8 H — 4 5.1v/500mW
IS 8 . & 3-15 J9its i VBAT i NI HL L%

VBAT

Cs |33pF lOpF,__|5.1V
£\500m W

[
o

] 3-15 VBAT %\ HLi%
Fig.3-15 VBAT input circuit

3.4.2RTC HRHEE

2 VBAT Wi, F 5 i B semi 2h, Ri VRTC 5] BN 1ZAME K B2
B . AME RSN, ARSI BB 1 204 . 21 RTC HLyREA# F T,
AT P AN R ARG N E R RTC L 7, RTC B HEUA 3-16
FrR

K 3-16 RTC HaJit FiL %
Fig.3-16 RTC power circuit

3.4.3 FRHFMEBEIERE

PWRKEY 5| Iy &8 & by & VBAT, it F7 ik PWRKEY AJ DL SZ A
BT JE AR TR E J5 3 i 3-17 Firas, KR L ERE R A H
JA B L
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PWRKEY
R2
1K
pwR _R3 Qi
47K I 8050
R6
—AAN—————
47K

Kl 3-17 JFIRHLANE R Bl L%

Fig.3-17 Switching machine and self-starting circuit

3.4.4 35/RATHEES

TRANIT LR — BRI R 5 B, 53— 8% NETLIGHT MZRIRASTRRIT#2
ARPGE S ERM D). NETLIGHT 155 51 I TAERES W 3-3 Fron , 48747
HLEE BE T 3-18 Ao

 3-3 Netlight TYERA
Table 3-3 Netlight working status

WL ATIRAS TARIRGL
1K KL
64ms %/ 800ms JEK e £l
64ms ==/ 3000ms K YA S I P 2%
464ms =/ 300ms K GPRS #iH
VCC
NETI1
\GREEN
vee
RS
PWRI 1K
RED
N
NET RI1L Q2
R7 T 8050

3-18 R LK
Fig.3-18 Indicator circuit

3.45 B FITEE &

T B2 1 T B8 R F AU B AN B 7 BLELBEAT 5 B AL 3%, i A HLAN
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SIM800C Hi P AVLHL, EESZIHLFANAS A H R (RS b AT @ i, AT P (5
SR, R IR AN 3-19 Fn. TTL & T FULHECFE %, J83d VDD AT AR
VERCH P B2 mf LA 3.3V Ml 5V RGEEEAEH, W FAe i ik fE o s 2 )
@, w LUK VDD #:3] MCU 1) VCC |,

VDD EXT VDD EXT
SR12
247K VDD
SR14 R15 SRI16
47K 4.7K 47K
TXDI ¥ N\ | __RXD RXDI I TXD
Q3 Q4
8050 8050

P 3-19 3 0 H ST UL FE HAL %

Fig.3-19 Serial level conversion circuit

3.4.6 SIM FiEOHBEK

B B8R SIM 32 11324 GSM Phase 1 #1175 GSM Phase 2+#1 551 FAST
64 kbps SIM . SIM KIEH B RN 3V B 1.8V,  HL I 0 A B py 5 1
JEFSEARRIEHE. SIM 8200 5| IR LR 3-4,

%% 3-4 SIM # 5 E X
Table 3-4 SIM interface pin definition

GBS S5 ke
SIM fitH, AR4E SIM RPRE A Bk, TLChY 3.0V 8¢
SIM_VDD 18
#H 1.8V il L4 10mA.
SIM_DATA 15 SIM R#dR 110
SIM_CLK 16 SIM R4
SIM_RST 17 SIM RE L
SIM_DET 14 SIM AL RLA I

Wl 3-20 2 fEHH 8 SI SIM R EETHY SIM R4 T HLE% . 7E SIM R HL %
f§1FH SMFO5C #8 1 K fif i L OR P . FEREHLANT SIM < 2 [A] #3422 22Q FLFH A T-ILRC
X Z [AIBHST. SIM_DATA 45 5 R E R H N S AR B2 by, 5 il 4
b Fr FE B AR R FLSP AR E
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1 4
RIS S  SIM RST B9 23R 7| oner SMGND S
10k $  SIM CLK RS0 22R 3 = - 6
SIM CLK  SIM_I/O
T smvee  siMN =P
SIM_CARD
SIM IOR2L .. 22R
——Cl13
22p
4 U8 3
— 3 K3 K2 2
= > K4 A I
K5 Kl —-
SMF05C
3-20 SIM RHE: IR

Fig.3-20 SIM card interface circuit
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i A N i N o= = =
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555
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g{E é UART!_TXD GND 3; | \I’
5— UARTI_RXD GSM_ANT —3 TR
UART1_RTS GND ——a||:
‘é UART1_CTS GND %T
—— UARTI_DCD RF_SYNC 5=
— UARTI_DTR VRTC :.?—
—5—1 UARTIRI GND iﬁ4|||-nN
.|||79 GND UART2 DN (52 o
—o—] MicP UART2 DD |—= o
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Fig.3-21 Chip pin connection diagram
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AT e RS G| E R i an ] 3-21 Frzs. SIMB00C it GND 5
ATz, HEHL A 36, 37 51, SIMB00C 4t T AN K&k, 4N
GSM R&#: 1 GSM_ANT, W4 R BT_ANT. R ITEH GSM_ANT
B0, &R GSM RZE, BT R&EZ,

SIM800C FEt 1 USB i Ez 111 & 4lHz 1. B4 (ADC). RF_SYNC
AFEIAE S M STATUS iR TR #& X e g ik A i 2], X
s b

3.5 4KEE ST HIB T

Ak L3S R B B — PR AR AR, EE S T B s g, e R
P (OURR A ) 22 0) R H B 2 (CUPRA A 1) R 0) 2H R, 3 s FH 16 e/ 1) LA
FAEHIECR IR A N A R, fE LR rT DU FL R 4 . B3R . RIS
FH o RSO 5 HLE ) 4K FL 28 4 N [ B, AT S 8 42 1) o (RTBR R SC &
A5 o

3.5.1 YR ERN R

MY oR, 4k as TR R A Al 5, RN AS I 220V 4k
HLAY . Ho—2H0 5] R SRR SCE WM ¥ 4%, 55— A 51 I v i 5] . Ak
P AL T 5%, A5 HF115F- JQX-115F- 005 )4k Hi 2% . Z6 18] fELFH N 629,
e RN BV, BE DhEE 400mA. filt st I 8A, & AC250V. DA A —2]
WA, TAEEHEI R

(1) 4k e 2% 28 18] 1 g A8 BN & LRI, 4K B85 A o 5 8 1A vy B2 00
T AR RN 3-22 AR

MO B —O

MNC RiFiE
COM fcl‘;‘irﬁﬁ

% s

K 3-22 4k HL g2 el o L
Fig.3-22 Relay coil without voltage

(2) 242k H #8532 P 79 it FEL Rk B & FELR I, 4k PR 28 8 SR 5 % T ity 23
TAEEF K 3-23 ffim.
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3F ALK L&A 4] R SR IZ ARt

NO BEFim

] HEEaRSCE (e
NC RiFE —O
COM e

K 3-23 4k i an 2k Pl ik B A L U
Fig.3-23 The relay coil reaches the pull-in voltage
(3) Mgk R asfib T R MAE I, W TAE, il RWor A TAE, HT
PRI BRG] 3-24 For.

COM ‘Hﬂaﬁ ﬁ-‘ﬂ: ( NO ) EEREIIR(NC)

FEAE D o HARS
B EGRER: D ® O i

HERZETFR

3-24 4k FL AR A SR
Fig.3-24 Relay control peripheral principle

3.5.2 4KER ZRITHIE BE

FR P 2k H 248 2 i P=UI 545 28 B0 2 FL I N 80mA, FH IR e 13t U=RI 7] LA
FLAS YK B 2% T AE BN 56~120mA (KT 5 5 AL 51 i H B8 77 40mA) . Rl ik 4%
AR T O F B s o) L FEL IR AT O IR ] i HL R A P 3-25 Pl o

ee
N}
D B L
y WS
15
=

K 3-25 4k H e 2 FLiK
Fig.3-25 Relay control circuit

D JuSkii R . 4K AR A R LB F I 2 AR AR K S R LB S, TR
7 T 4K FE A L DB AR, DR AR 2K R 2 B R P T TR IR R 2 R
L, LAORY 4k FL A8 OKEh
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Fig.3-26 Triode cut-off state and saturation state working principle diagram
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Fig.3-27 Relay redundant contact monitoring circuit
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Fig.4-2 Single point grounding schematic

4.3.3 RGH T

AR 25— AN SR RARTERAF 5 AN A A S 4. W T AU Tt
PLAZAN K Te -5 5 R 2 18] B B B O LA R il A RS E A R SeH, W5500
AT RN PSS E ST TR A S0 e AR, A R Ik,
PLZET XS5 5 PR AT 2R AR, BT T

4.3.4 RGN MERE

X R ATTE MR ECR B, A se LA T ORI B, IO HAR
B AL RS T, 0 LI T LRV B AR o AER D AN R 884 TN T AT B
fL, PABEARIR S I3 SR e A2 . #5584 PCB 12 B I AL B AT AL,
i 1o 2 GBI AR RE o

48 —



F 4 F ZAZR LG RAFIEH R % PCB 4t

435 $FREXEE

(1) SIM800C % %

RS 5| 5 R 26 TE R 88 0 A 2R U Bt s SRS 5 AN 2T 2 S AR
WIS 532 3 SIM & P B JRGES &5 .

(2) SIM800C SIM F

SIM RHEE K, HHAGEER EMI T, HRESZ T HiE
SIM RIZL B REL L™ i W R ZRAEK 2R SIM RS EFEIT R T

O e e ee [ N ] e eoe e e * e e e * e O
® o e o o o ® o o & o 0 60 S 0 S e o
® o ¢ o 8 o 5 S 0 o % o 5 8 8 S O S O @
oo-oooooooooooo-ooo.iii."..
....... I Il-l
Heeoe Heeoe | KX X ] meeses .,n P I
--—gimmm— |||||||||| --—gn:rmrm— - .
£ g : E:: '='=:: ==§ : E:: nage © 1
E mm am am ---- == am :-. n m m
e ® o o N o o ue E
R R T F L R TH B i
-m "aat oD e axt Im == "a=" o Hm CH [ ]
EE E|||||||||E = s EHI“""E EE EE E|||||||||E EE g g :;E ...
ORI g R T
== sees "" .0  gese =mam  weese == 1 ]
.lll! .EE .ll.l .:: .l.ll . == :: |
o S S 98 9 = o

K 4-3 T 54 PCB TOP )24
Fig.4-3 Hardware system PCBTOP layer layout

ZAEEIBU LN, RALH AD BRATRWE 4-3. JLMZ O U
NEL T HL B PR O AR R B AR B R (RO B, P 4K AR G — I B AR T g,
A 2845 T I A5 B DURCE AR T i, HIEBHUR B AR AN, J7 (9S4
Beo AN BB PRI SER] . B, WIS . AT T SRR AR
£ TOP =, %> BOTTOM Z NI R, fmRahi .

49 —



AR Tl K5 TAZ A4 b 4238

4.4 BEHTHI RSt PCB itk

PCB AMNEMTCIHAL B E G, 518 PCB fiZk. A2k ZRys ot B i
17, WG PCBEL “iid. wE” MEN. PCB M iIEL L v L& hifiid e
R LR AN A 5 R AR 5 T 2R IR (RDRE Y iR B DR o 1T ELAE SR PR BV O T, R
AIREE A ek, JCH A HIREAILL . DLR 2 B AR TE gy

4.4.1 BRSBTS EIN

(DEAERYE . L (AN E AR MLNF e HZAET | AL & HE
BB R E

QYT E e RIE AL, —BON R, BIEARZ, FI8EE.

(3) BN AR oA A A AR 78 20 AT T AR (B 0 A Mt e A

4.4.2 SF&inARALIE

MR B, 2eBtrh i B 2 5 S0 Sl AL f k2 T A4, B BT
MIANES:. DEAEL NG, W55 B2 E=ATrmpm, &t fiin] LA
BOVENET R, WG fE 5 M f BT (e, HAEROaER K 4-4 fror; HIRESM
R PIANESE, 51 K55 R e B RIS 2774 EMI I EAb R 5t
IR IR N2 Bl A e 22, EMIRZ, BifMERe, BH&Rf.

A
: Ay L L As
?—m“ "YW'Y"\_?
| I
=== A = : == ¢ :
I
| T
& ]

Kl 4-4 LA B e S R0 R
Fig.4-4 Right angle high frequency equivalent circuit

443 —RIES%mk

(1) =% 4 & 193k
ST LA 2 (A BRI 3W R, IX B 3W SRR AHARE 2 (R EARFFAND T 3 %
LR RIER RS, W 4-5 Fias. 3W R AT LRIE 70% 2k (R 3 AN EAH T4, anAe

50 —



F 4 F ZAZR LG RAFIEH R % PCB 4t

BLIA R 98% bR, RIEF 10W BRI .

[ 1 I 1

— EEam—— .
—|W |—
Kl 4-5 3W JE U J B ]
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Table 4-1 PCB copper thickness, trace width and current relationship

i B2 JE % 35um i K2 JE % 50pum i 57 JE % 70um
FEE mm HLE A %% mm HL A %5 % mm HLT A
0.15 0.20 0.15 0.50 0.15 0.70
0.20 0.55 0.20 0.70 0.20 0.90
0.30 0.80 0.30 1.10 0.30 1.30
0.40 1.10 0.40 1.35 0.40 1.70
0.50 1.35 0.50 1.70 0.50 2.00
0.60 1.60 0.60 1.90 0.60 2.30
0.80 2.00 0.80 2.40 0.80 2.80
1.00 2.30 1.00 2.60 1.00 3.20
1.20 2.70 1.20 3.00 1.20 3.60
1.50 3.20 1.50 3.50 1.50 4.20
2.00 4.00 2.00 430 2.00 5.10
2.50 4.50 2.50 5.10 2.50 6.00

(3) #=HAKT &

£ PCB AL, SR E e o A\ A H s ) 3 ZARRR T AT o O 1 I AN b
BRI, N A R 5 S AR SRR AE [R5 1], ELAH IR 8 i 2 5
U IEAZ 2GR . 24 PCB. A £ 52 21| 45 A4 BR i i LUIBE St B AT I, 225 g I 31
ks R . & 4-6 Son 7 AHRE R AL T A Beit 5 ik

51—



L Tk K5 TAZATE+ Ak 524236 T

a) HiRAZ b) IEmA Lk
a) Wrong wiring b) Correct wiring
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Fig.4-6 Adjacent layer routing direction
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Fig.4-11 Hardware control system integration renderings
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TR G TAERBE R 44, BRGNS iR sS4, EEEd R
SRV i I AT A B e 8 A 48—k Tl g &, i L i A 2
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Table 4-2 Relevant parameters of the remote observatory hardware control system

e AR ZHE
1 WA 5V DC
2 HIUE HLIR 0.46A
3 ROR IR 3.2A
4 AR -30°C -85°C
5 AHXTIR R 5% - 85%

4.6 REINGE

AR EENG @R EMIHER R S PCB AL EAR 1 i 5 AL AL
BTN E 1 PCB it R EAKYE R 3 KRIEE, 72 f5 5 5e Bk, Hpiak
FUEMHPETE RN . RR4GS PCB Bt IR BRI X AR Sebr i oL, A4
1 PCB W& /Z45H, PCB iR, PCB ATZas LAy HIBeTh. i il id il i
TTE, MR RGHATITEOM A, SIS ey
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Fig.5-1 The programming flow diagram for the hardware control system
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Fig.5-2 Control module MCU program flow chart
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Fig.5-4 Mobile phone module MCU program flow chart
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Table 5-1 Control command comparison table design

wENE Hlbkdg 4 & ThRe i AR Hlbwids 4 LRl
Onled &=~0X80 FAT Onequ |=0X08 FFARIBEAX
Offled |=0X80 RAT Offequ &=~0X08 FRARTEAN
Onheat &=~0X40 ok # Onmonitor [=0X04 FF
Offheat |=0X40 KR Ferts Offmonitor &=~0X04 Kl
Onpc |=0X20 J PC Onallsky |=0X02 FFA RARNL
Offpc &=~0X20 X PC Offmonitor &=~0X02 KA RAHML
Onced [=0X10 JF ccb Onweather |=0X01 TGk
Offccd &=~0X10 5 CCD Offweather &=~0X01 KRG
Onroof =0XB0 F I Offroof =0XDO0 xR

EmE RSB ER ar 2, 8 TSR R, ARG
R GIBATERE P A BRI ER R T 2R 5982, I1E 5-2 s,

*® 5-2 EHIA G xR

Table 5-2 Control combination command comparison table

AN RS R
Run 0XO00FF BEHI, AT R: PC. CCD. FRIEAC. WR4ZAHNL. A RMENL. [RuETT:
Onall 0X003F fEIY. R#TTT: PC. CCD. ZRIEAC. WFEAHNL. A RAHL. RRuETT:
Offal 0X00C0 BEHI, AT R: PC. CCD. FRIEAC. WR4ZAHML. A RMENL. [RuEK,
Rstart 0X80C0 fEWY. R#HIE; PC. CCD. ZRIEAC. WFEAHAL. A RAHL. RRuEK;
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Fig.5-5 Measurement and control software control interface
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