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Abstract: The lunar soil moisture analyzer is a payload of the flying probe carried by Chang'e-7, which will
be launched to the moon by China. In the development process of the lunar soil water molecule analyzer, a
ground-test-system is required to simulate the flying probe to test and debug the lunar soil moisture

analyzer. The ground-test-system consists of hardware and software, and the software part is responsible for
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communicating with the analyzer, feeding data to the analyzer, and building a human-machine-interface. To
ensure the integrity of the transimitted data, a communication protocol with correction and repeat
mechanism is required to be implemented in the communication between the analyzer and the probe. In
analyzer side, the protocol is fulfilled by a field programmable gate array (FPGA). To verify the design of
the FPGA, the ground-test-system is required to generate different types of errors, including parity bit and
checksum and so on, in different positions and different modes during communication. This article
descripts the design and implementation of the software of the ground-test-system. It is shown that the final
designed software has error making function, which is capable of generating error codes at different bits in
a specified data package during communication. With this function, any design faults in the communication
port of the analyzer can be detected, which greatly faciliates the complete testing of the communication

interface.
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0 3 =

“U IG5 T 2026 SR R 5 SEIUAE A BRETACE T, TR BRI XA S SRR, O e S DORFEIR
[ AR F i i A 7 3 0 B8 5 St o “ O 4k L 5 7 R Bl 4% PUE A L P 4R 2 VB SRRL AR LR BRER I 25 S5 A > 4L
o A, F RS RERERIES A RERERIN G T & (DU RIAR RERERT 6) Fri& 8 2 “ H 8K 7> 10
B ARG AE A BRR T REAT G BRI . KERIRIN 281 & & — 30 TR SN T8 &, F WK T
AR LR G BRI OIS, X7 G LT AR A IO R, “ K1 e (BUT
PRIK 3T 9 CERER 1 5 P A Rk 22—

WA AE HERR AR 5, RO WERERI A%, FLai M ld 1 fros.  RERIRIN 283l B i 3h /1 AE A
BRI A AR XS, e, FHUME BORE 2 B 0 38, 4 A b & A7k 71 oy e R <A,

flight detector

moisture

analyzer master
controller
spectrograph e
P Srap spectrometer

instrument platform

gas heating

gas sampling
mechanical arm

K1 RERERINS: TR S
Fig. 1  Schematic diagram of the flight probe



668 PNESIESIEO NS A A i 20 %

KI5 o3 HT AR BRI T ASORI 5 5 X ] 26 R0 H 3K 705 By o FLefr, il (A T 3 388~ RO 6 IR i
J6i (TDLAS) AN H 5 (R BEAT 20 A, AWK UK 53 502 5 442 S ORI TDLAS £i0R, /& —Ffii
AR FOCAR NP, LWL BT RAF I AR 7 T I RSE 28, 18R 7 7 X RF 8 B O G EAT
WRUAT, AT AR X A b RO BRI, SR U 7 TR FE RO, A8 AR U 2 e K7
ST AR A 2.731 pum OGRS, KA BRI KK 7 1 R, IR 55 e R AR B RO S
W TP A&

AT B R E TR AR T, REH ARG A S . TR I R Gui AT 35 & I A 52
BRI AR CEIRARRE 1, IR S8 T AR RS ORI o T A 0 2R 56 [R] I 7 22 S0t 38 TRERHR 19 S8
W TSR Th e DL, — RO R AR 2 T, & EBO — BRI R S, MR B 1)
e TAFUURESE il s T A I 2% S R BRBE AR e T A 5545 0 AR SCIR S 197K 231 23 A ASC R — 0T F 22 1) 284
DR L 5 G A A S M TR A 2R 48 5 PR P 8 8 9% P R RN 3, R A B mr A AR I R vy, ARADL R AT 28T
6 [ 2 P PP 5 A0 R

IR T BT RERES 7 6 IR VA3 IR HUE Bl BRI R B R 4k . Horp, &M%
MITHREAN T « FUEHE TR T A e s B8 OV SORR B A B 1, 2 — PPl 3 1, 8% 9~ &
3T [ R0 12 8B IR, P 5 124 1R i Ak a4, BEENME ST I AR S 5, Sllea 1) T
PEIREMIZAT S H; Bofl 3 0 Bl AL 4 1, 38 W Dy md B g 42 11, T30 B 4% 1 °F B AR 1R 125 &
ARBUR I EE , i K BERGE M%Dmhﬂﬁ?ﬁﬁum%%%E%ﬁ%ﬁ%¥“ HIER A%
FURRHAE K 7T 0 T A A R B2 (T SRHLEE2) L5 5 ALK 2 5~ A

MRS I AR R 1 B KR AR R O %m%% PATACEEATIERE, W 2 ffros . AR I R GEh— &
ELUU RIS — & A TR R, B IS K 7 0 A R R g RE, ot s RN B s 80

IR B T BRI A B R, R UGER K 2 T o W AR B B LR A B R AR %
Flo Jorb, B8 TRURE R p 00 00 PRV R TR B 20 i, Lo S A5t 43 1) El o S92 A B A 7 T e P SR
SRR

ground test system moisture analyzer
___________________ .

28V/42V supply

|
| |
| |
| |
| |
|
| |
| |
|
|
| |
| o | ;
| cable + data control interface
| ata control module |
' I C:::::j
: data transmit module t data transmit interface
|
I |
| |
| |
|
|
| |
| |
|
|
| |
| |
| |
| |
|

, direct telemet
direct telemetry module ; Y
interface
direct instruction
interface

external electrical interface

direct instruction module

industrial PC

K2 ksl &R Gs K

Fig.2  Schematic diagram of ground detection system



# 5 iR, S ARREROKO TAATOORTTR I R G BRI B 669

ARSI KA F- 0 A A AR SR 1 TE 7 i TS I 2R 49 1) O 8 R R 4y, 1% R G B A R
e e PR AT SRR A5, WA AR 2 T T A S U e . e, AR B B I R A
T — R COE OGS ThRE , I Re A SR o T DU T o, MR AS ThRERT , BCRIK T E R A4
F I
1 BAfwet
1.1 BHIhEe

B T TR 2 S I B A 4 A R R AT B AT A S o BT T BE . BT 4 438 TR IH RE RIK 48 AS Bl
5K ot AGE S, I8 18 2 MUR FZEHIK 2 T T SOTHL B K 7 T X S H . ik B S 45 iR
AR SEDLE DR A BGE S . BU BUR A 5 2 B D R FR AR E R EK 7 B U i )5 PR
Bl As BAT 2 H S, 2R OB AL AR IR B A T o
1.2 BRI

TETARRAT , H TS I 2R Gl i B0 4 1 WK 70 F e T ACROE AP AR 4 - AR S MR 4. &
WIS ER KIE— K, B IERRE IR LS, M FEEEH CUiRRESE R, 0 BRI LR
&5, ATl RIS B AR AT AR I B8N 5 AR 2 AR e N R I%, CERAR AR Hb T iy 4 5 B 75 22 ) 2 e
RIZEZHWE  F &V BT CEELSER.

DR A 2 ) 8 4 5 IR R R 3%, BT DA far B 4 4% A T s I ORI A, RDAE B v B i R AR SE I, AR
M) J 282 A8 4t HUOCHE PRI IR KT o AR AN B SR ML, a8 i R BIR B6 2R W 1 25 1) 48 B R, AN AT
5.

HEWIEAANFM L, TR RS B0 2qHh s\ G148 2 #oe 8 sh 3 — sh fE s 4
—ZH, WA T EBRIREIETE A S, SRR ZIES, WRAEX @RS, BT TR
DR RS, R A A AT, (ERIRX AR S U AUETE , BRI GE IEM O AT , B @i by
WTE T R R AL . TEZALE T, MR 6 AR — e 2 5l i, W RIS IR, % B 2
B NIEMNE, TWAMNE . P ETE—/NEE I P A ORI B2 5, T v 2 A P IR ORI
I8 4, B 3 MR A OB IR S8 T B 26 F0 4, I b T 40 75 008 TR o e o R R 507 e L
IR E RIE, PTTILEE IR, JES: 3 R AE RIS IR LT 0, B X B R ALH, AEf8 (RIE
O i e B o 2 BRI B BRI A B 1 AT AR B, [ B A B A 42 071 i B AR 56, 3 U
WA K7 B HHAT X — A SR T

KT B CER B EME IR 4 )5, FEMATEE, BEAFAREKS T oA 2 5 5L brigir 2
KIS HAR ST, SRR AR AT A AR T S A A R T B S KT T
TENCENERAR 2 J5 , Bl S Hde & MR 2, 1% M 848 2 BONTRL, 1B vfiNE e 4 O 4 iTh Bz
oo A ifHE & A ECE Ak K 3 Bs .

B TR 9 2 RS-422 HE-PRIE 8 D BCHEAT I TR, 5 O GR — P 5D SR AT IS L, J8 R
FATNRALRAT RIS ORI AT IR 7 B AL RIS A AT R, a0 4 BTOR, AR A
F— i a s, er#e v B 4 115200 bps.




670 PNESIESIEO NS A A i 20 %

ground test system :> moisture analyzer moisture analyzer |:> ground test system

tempera

query command header keyword ‘ header . pressur% module L error count l other parameters
current status
configuration header keyword set up header confiti ‘
command parameters
| oo |
backup
K3 AR AREE
Fig.3  Schematic diagram of command format
stop bit
J_ ‘ ! |
I
012 (3|4|5|6|7]|8 ! | |
. L]
_ J
start bit data bits parity bit

B4 FOHorERE
Fig.4  Schematic diagram of serial protocol

1.3 BRI

BARE NI RE AR 18] 5 Frow , FEREFP Bt BB — MU, AR T B R AR AR, B
K F AR IE— IR E TR 2 . A ROEE MR L5, 160 ms @B &%, 2 U3 R W H e i 28 K8
I, FE 34 ST BB S UIRES 5 5 I 2RI, WSRO — @S I o V1 EdE 4 2k T RR Sk 2
TR B NFFIIE NG, MR TR A KRR, B A WA AR AT 5 s, BN, MBI K
RIS KD TN A RIZTRIE A5, FF60 ms i 2%, #5 5C BF 88, R 7K o F BT
HOREHR S, ERER AT 3R, A 3 UCER S AN, B Id s AT IR, 5 7E 3 IRBA YR EIFE 4 B
ot DUIE A S T SR S I FUIRES o
1.4 BUETEMSI

W ESTHTIR IR IS T W AXAER U B B R R S AR I, SRR 5 IR, 257 IEFHUL, TR
a TR R [P B (8152, 5 AN (0] 2 51 O ot i e 0 2R S RN o oA, AR 1 T AT A S O A R
1 RIS AL R R IR AR R AN IE 6 P, LG AL B DR G BN T I A B A I A A 5% s B SR X7 7
s B BRI, B A 1R R & R I AN 5 SEBRTH AT HY RS AN ]

AR AR T, TR PR, DLRIS AR RAL H IR AR, RIS E N

= ()
Aol PRI, NATREAZIIIC AL, NIRRT, PR TR, IR AR (4 h
BOMR ] S5 A 27 22 AR LB T AR A 107,

P16 BT G PR LRI, B AN (R SR, 400 B T bit BRI, T



F5 R R % ABRESOKS T o T DO TR R G B e it 671

H?ﬂ

[ wEpiTEE |

[ JFeomssEmfas | N le
A 4

[ BPSIREBGRS |
[P

| FEAmERE e aauEs |

| PSS |

[ EERmERRs

K5 BERERER

Fig.5 Schematic diagram of Software process

byte datal parity bit byte data2 parity bit
b b
byte data3 parity bit byte datad parity bit
b b
byte data5 parity bit byte data6 parity bit
byte dataN parity bit byte dataN +1 parity bit
I I
checksuml parity bit checksum2 parity bit
\_ / -
hd
1byte 1byte

Ko HEfriikosiE
Fig. 6  Schematic diagram of data bit check

I\ AR REAI H A TR s 2 B 2 it BRI, 27 2 bit £E[R]— 3= P, DB TAAS N 2 R, (RN s it 1R 8 T LA
s 5 2 bit FEA AT B[] — G2, WA AR I AT Bk R, (ERR A AT AR AT A Y o AR, A B0
4i bit HE IR AT OL R, BRI A B4 bit B iR, 4 2 MBLET B I 00, (A XEom



672 PNESIESIEO NS A A i 20 %

T
P.= D Pus 2)
i=1

b PRI TOVER H ORERE, P, 27 I 40 bit (B 4 bit. 8 bit) i RTCVER H IR, THIVHE 7508
_8L

1
A LB A KE, 8 KR — AT, 4 RR 4 bitk i, RINRIG IS S , BT (ot A o 8 25 AR A
KL IR P, AN

P,=P(4,NnB,)=P(4,B,)P(B,) (4)

R B, KR4 1 HH L4 bit AR IHER , 4,75 4 bit SR TEVER HHIORER , SR BUR B 1RSI,
Horfr

T 3)

P(B,)=P.*(1—P.,)"*Cy. 5)
1 2 1
P(4[B,)= S ©)
8L

L CHHEH AR, BURIEGZE PN 107, HHIR LMK N 6071, BlELSHMKE NS, i, T
A R A 4 bit REEE P AR 4.87 x 10, Toikka th A48 2 4 bit IEEE PLAIA: 6.72 x 107,
A IR T 8 bit 85 oI H (MR 2 e (KT 4 bit JoyZ th MRS, BT AT FH 4 bit JCIERS H IR I B
B AR oA H AR

P B BUE AR 2R BEAT , PR FE O 115200, TR R BE 8 1A I LR B 9.95 x 107, YT H g 4 B
9.91 x 10% R I — IR TIER H B L, EiTE 45 718 x 107 R BL— R TCIER I L, RNK 140 i
ACEER I AR TA) D9 2 %, w7 AR JTA) BTG vk A R A R BR800 70 0 2.02 x 107 F12.79 % 107, 1 /2 &
THEDR
1.5 HEEN ARG IEEINEE

A B IRAE RS & KT T T TEEAT 5 7K 4343 B A PR v TR 38 TR B el B 37 7] g
K51 (FPGA) AT , FEHBTIT R B AR, MR PRI KR ER T & 57K 7 40 i GHEAT I8 I, 3T 7K+ 4
HT A FPGA BT K U, IEH @RI I T A, S A R & SR DIREIE oy BEoN ., 7 B Hodk AT
AN BT IR ST T IE R A RS BRI, (A TRl 5 4, W 200F Be ) R Bk fur it B
ES R, BUF SRS B . Bk, ks RGO 2 A T 0 10008 A , IR B RE 0% R A B R IR TR
LIS I AR A 75 6 A AR S I 102 o 388 AR P2 A AR R i T IR R R Bt . AR e i 5 2%
AL HE A8 FH LK AR B % 77 AR SR A I ZS (8] 4, 25 800 TR % 15 BB 8 R LR RS, JRFEZ SRR IE H il
W BAE IR R I A R G R A A AR B . BRI A7 A A R (0 A B AN SRR A i i s, Atk
A H TR ARSI 2 e R S pE by 5K, vt th— B eI BT ERE G T Re, BA TREE e et S EME
ST A

b TR RS 0 2R 50 (10 36 VA0 T TS B 1 4R s G A SR Y, S DA U TR ARSI R G BT AN B4 1, S g F
TR DRGSR AN SCHIANHT Z AL o M THTAS W0 28 036 45 110 L 110 A2 1) Je 368 TRV 5% DA TIE /K 43T 2 BT 41 FPGA R
FARBEE R  IKO T i OCE U B 1R 5 AU HE 1R M5 B0, IFE T8 2 I RNE 48 4 o R 4 b T



5 R e FAEREHEK AN T AT OO TR R G50 P 0 673

T ZR G, T RS 28 e U3 B 48 4 5 T TE B ST o S BB T IR M5 B . A R TR I R e Kt R 1)
18405, M4 BRERE S E W, W25 AT RE /K 4020 O P S B iR R A R

TEIEFE G, 0 R TS AT E A, LI AE A TG . RIGADEEEEIESR & Rk R, 4
B DURE I S B E , A F A2 BRI A N ARSI 50 A I F 1 SR BN TE R A M SE U , K
T4 B Ja B ARS8 AN -7 SR HUR s AT I R AR R A MG SE S 5 7 F R A N BB
TR IR I 2 RN RS IS R
1.6 FR{FCHe

A AR A B R WPFAEZE , DL C#i5 5 7E Visual Studio 2017 ¥R85 R #E47 &, H A m & 7 B
e L NICIE SR FESR A JAEEE A GRS A GBI S ARG 6 Ml . Hd, i S B R
B4 AA AR 2 DU K 2 T T ACH A G S 305 B s 1B SH0M 28 G 0T F 17K 43 140 AR
S BN s R U T e TG A T e

FRES MR

R

S

N

1

‘ BB | RmEES | BEES | ElSE | BlL | 25ER ‘
SORE
. —
aIFEO [ Fe=0gE
BRI REREE o MR EEE o #AEIER o 0
BOERBRRE 0 BeEETIEE 0 BBEEARE 0

SEAE0ER mEREIEE Temst

]

BIEO 0 EEL 0 BYiEl2 0
BIE3 0 EiE4 0 BYERS L]
adiEhe 0 BT 0 afishe 0
&g
=0 0 et o =2 0
i3 0 b [
e ——
K7 BApE S

Fig.7  Software design image

2 SEISIEATES R

BRI 3T o e ASO A BEAT IR, B ZK 707 2 e A B R 58 1, 8 20 S HOIRAS AN B SRR
WK 8 s, FEXT A WIRA Bt , KA SRS SE R E Rnd. K8 (a) 5 ik & i,
ARG HOGLAS 1l FE B 8000 & 9 7000 (31.78 °C), H AR ¥ i€ R AU /2 250 pA TE IR 48 i i s fE 5 72 A4
MR, 5 Vi E R 14 4 AD 5 4 i $0(E , 8000 X N S s 3 FE A 26.06 °C, 7000 Xt B SE B i B A
31.78 °C; [¥18 (b) Hh FH1HI JyRE M TLIRT, 7K 53173 B AR (e FR) et 52 162 B 9 70000, (7] A ERT DAy S50 i ER] S il 24
1E31.78 ‘C L N ARME G , HEFEYIR B RN PIRESFESHONEE R, S5k oo ioh i B A — 2.

W9 FiR, PAFRRAEBOEH 1) TARRE, BEARbRRAENS (8], & — D EF AR 200 ms. 7R H] N
110 s B Z1, A K ML 26.06 “CIREE £ 31.78 °C, FTLLUE H, WOL#: TAE RAAEL 10 s ik BFa e , R
JBR B AR BLRARAS , e fE A, BRI IR -

O R IE Z IRAS AR RIS AR 4, 45 R 10 R o & 45 RI%THEOR & B Beisort- S — 550, i
o AHBALEE I IOETIECN 2, KT TSGR [B] BT ARAL R T B 25 BIG AE B A0 7 1 G A 1 K



674

20 %

FEFREITREE  LEStE1TieERS

FEEMEITEEE  SuESeEITfeaERS

00A4
00A3

0000

0000

0000
0000
EELiEEL

0000

(a) (b)
B
NiEeH | mERS | AEES | ENsS | BRNE | 28ES FESH | RSES | EEES | ENSE | ENNE | 2H5ER
EUE= . . EEEPEE mEmEEn stErEEEIEE EErEREIEE
B = Dessons El %091 A AF B9BA
[iwn) |z B HEBAEITHEE  |[relwSE  EereksEs
8 9293 7000 B0 8BBC
TxEETRE 0 mmnEE o xmiE T000 a7 P Tl Tre— pr——
BHEFERE 0 EoBraEE 0 9495 3150 B1 008D
— B srrm —— FEEEEAESN  GESMEIIAEE tSReNwasE
EIRE0EE 1 i RS i L= bt i
) — R — B — 9697 ASAG B2 9000
=8 EESENGSEEN  CESREITREE oEReREsEE
=2 o . e =3 o 9899 ATAB B3 )
aEs 0 e ) s 0 EESEUEEEEN  SRSENSUE AEERENE ESEERETER
9A9B AJAA B4 Cc1
#iEs 0 wET 0 HEE 0
FEEEESREN  ERSENES #
g= 9C9D ABAC B5 2
230 [ == o am 0
AT FEEABIAE S EEEEREG T
=3 ° £ o 9t 00AD 86 G
- . ESIETERS JEEE JERRER EEERETEE
= 9F AE B7B8 c4
7

40

Temperature/°C
S g

o

DIRE TARIEH

&8 B Ik At i

Fig. 8  Software test diagram

-—
1 1 1 1
200 400 600 800 1000
Time/200ms

Ko #obds TR 2k

Fig. 9  Temperature profile of the laser during operation

BT M 31415, IK 73T o3 M ORI RBR A RN 12 (0xC), 538G 1 A IETH U FIAHAE R it i

BIETH

B

bl

ESRE

1040

1040

0000

0000

TR 0002 2
RASHTE 000C 3
EATBEE 0 1 [
BRETHE 0 5

K10 s st

Fig. 10 ~ Schematic diagram of the error code generator




55 R e FAEREHEK AN T AT OO TR R G50 P 0 675

3 4

ASCEE XK 3T MRS et 1 T er I 28 ¢ S LB iR, e T K9 o3 B A T A
ARG B R ML DfE A48 AR IR S AR R 845 R, 2 AR WU TR IR e SE I R
PRAN AT [Pl R S AU, 4808 IR A A A s A IR B R & S5 R B s AR UL 38T [0l R AR T 2 1
B GG ROE USRI AR IS 55 Th R 2 A BT RO BB RS 1, 1% DD eI 5 I € A2 ) R 2R I8 TR
B, SRR ARG ) — 7 AR Th e 2 B e B i i Thae, #0R 7@ TRIER S FI 9] 7 o5 1 5 48
Ve, S TR IR o iz RO R S CAE BT IR DD RE AN R A A 4 SRR s e T R S it A 2
REsE, M8, B2 7 WA B H b,

FLrp AR e b R 3 B 0 AV S AL O 38 P ) R AT 2 B TG AR BB, DR R R SR A 13t
THEHTE.

S 0H:

[1] Dou H X, Wang Y. Studying of in situ gas monitoring system based on TDLAS [J]. Modern Instruments & Medical
Treatment, 2007, 13(6): 52-54.
FIBLEE, I M. LT TDLAS SR MR LA I R ZEvF A (1] BUARAXAR, 2007, 13(6): 52-54.

[2] Zhang F, Hao X J, Qi W, et al. Design and implementation of ground inspection system for magnetometer carried by satellite
[J1. Nuclear Electronics & Detection Technology, 2018, 38(3): 394-399.
gk KRR, S L 55 BRI TR I RS (7], BT S ERIIEOR, 2018, 38(3): 394-399.

[31 Yu Q, Wang X Q, Geng B M, et al. Universal testing system for space science experimental facilities [J]. Chinese Journal of
Space Science, 2016, 36(4): 577-583.
T, E/NR, BREE I, 55 s (RS ST H M T R I 2R SE ] (). 22 AL R 22240, 2016, 36(4): 577-583.

[4] Yan M, Zhang T. Design of generous ground inspector for space science experiment instrument [J]. Computer Engineering,
2011, 37(21): 228-231.
= Mg, 5k P A IRV S (S AR A P Mt T A S B it (3], THEEHLRR, 2011, 37(21): 228-231.

[S] LiC, Liu WY, Zhao S Q, et al. Design and implementation of ground inspection system for QKD device carried by satellite
[J1. Nuclear Electronics & Detection Technology, 2014, 34(2): 239-242.
2 9, XU, XX, 55 . R Tl AE WA A R G B 5 SE (J]. B2 SRR 2014, 34(2): 239-242.

[6] LiL. Design of high-reliability serial communication protocol [J]. Modern Navigation, 2019, 10(4): 308-312.
28 MR Pl TR S B AE P BT (9] IR A, 2019, 10(4): 308-312.

[7] Jiang T, Zhang J P. Design and implement for user-control software of data acquisition system based on C# [J]. Electronic Test,
2009(9): 58-61.
% AR, SKEE . BT CHI B R RS AL B S S (], # 7l 2009(9): 58-61.



