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Design and Application of Integrated Avionics Verification
System for Amphibious Aircraft
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Abstract; The avionics system design and validation of amphibious aircraft have the complexity and integration challen-
ges. To address this issue, this paper develops a comprehensive verification device based on modular design, analyzes system
requirements to identify key functions and performance criteria. achieves subsystems supporting ARINC429 and ARINC664
aviation interface standards, and develops comprehensive testing equipment, wiring matrices, and power management sys-
tems. The results show that this verification device has excellent performances in data stimulation and acquisition, automated
testing, and configuration management, effectively simulating and testing various operational scenarios of avionics systems.
Particularly optimizing the automated testing system to adapt to the rapid development of future technologies, while the mod-
ular design enhances testing efficiency. ensuring the system’s rapid adaptability and integration capabilities in practical appli-
cations. This paper successfully presents an avionics system comprehensive verification device, significantly improves the
quality and speed of design and validation, lays a solid foundation for further advancements in avionics systems, and has the
powerful advantages of modular design in avionics system development.

Keywords: amphibious aircraft; avionics system; modular design; automated testing; system integration

RS EHE 2024 -06-14; {8EEHA:2024 - 07 - 23,
ESWE R 246 @i %4 W B GEMHERARFFERFSEITETR.
EEB N ML FE (1982 ), 5, KFEAR &R THI,

SIRAMERAE. £ BB . ORI CHLA TR 45 & e RGBS AT TS HLIN A 5 6. 2025,33(7) . 321
-329.

¥R MU www. jsjclykz. com



. 322 . TIN5

933 %

0 38

JK It BT AL it T G A K T 3 b R B D
O W TR 9 i i A3 B s i 55 2 R T
% . XS TRHLIY Z IR BRI RE D R AR . FREL
TR AT 55 o B H 25 82 199 5358 1 A0 52 PR

AR, K AT AL AT R R B 1 R B IR R
WETBEWRIE. MR CL-415 FH 2 1 Be-
200 ZE ARG KL, BRI MNB RS, £/
R4 R BB T ST A PERE" . SCHRE W], X el
REAMUBIE S ERKEN SN ARSEMLHBRASE, ©
LR T AL, AT ME TRESASMNRETS. N
o AT R AR e o8 4% . ah. Bl H AR (0 i gk
Ho WU RGN E 2R O ORI R X IR AR
P A AP P A SR AR 38 . BT S AT T &
A, FTEE Y 30 IE U A Ok B OR U0 L R Y IE W I8 AT 4k
oo, AT IR RHLBE R S P SR A S Ak K
FSE. BERTT RGNS D,

M BRI R TR, M R GRS 4 M A R
PR R K B AT R A T S R T AR Ak R T
MR . B, TP — R Ak . T EE 0 254 B UE I A
FHROKEEPIRTATHE RE M IE W ST Mg E XL HE,
WS B TE BT RSB — R OKBE B LA RAE LS
IUER A, RS R AT, LRI RERME N
T O A B L 1 I R 1] 8 2% A 4
LAy WE B A AN (ST 6 L K S ML 4% Rl AT 45 B
R R, MR REAER SRR IERET M
AT EEVE R AR . DT Sk R R A A I A5 R R v 4
1 Fkaoth

T KT R RGBT A R . TEADTR
B, AR T 2805 kX K B PIAT CALDH R E 7K
HEAT T AT . WAE. AW . IO I V7R A IR
HBAEETN, WATHT R A CATHRMEL . 4t TR I
Bt s RGBT PN TG SR R IR 28 . X 26 (5 B B
FRATIIRG T 28 5 0 2L 1 5 S T e A PE RE K .

HETF BRI, AT A RNiR RS T 7%
ARPEAL, T HAEAE SR BR M A AR i e s ], 3X
PGS AR S T A WAE R A B R A . 7R
TR BMG Bk, RATOIH T RS AR, AT K.
PERETE IR Ry R Z 2 EoK . X SIS TR T it
IR BB E Z AR Fig1T, AR, TR HEe,
WRANF S TR FXTHEROKEE P LA RS
LR IR TE R A TSR A BT 35 T R G045 A LR 4%
1.1 REHEK

FERDK R A CALDHE RELE A RIS A R
SRR B, MR B G A BRESER S &S AR

B o 3K 3 AT AN E T U5 B . B R A M
LA TR IR DL X R GG S DI Re R e,

D L4k 4. 323 ARINC429, ARINC664
MU R O B UR . a a Dh K 9 52 B AL S
T AT R AR g8 RS HL R T AR A AR O
ERSiRI AR St

2) FoLRMRE . SCRFE S I J0HE 3R V) 3 5% s R 4
W R G0 R s B . B ER WS E 5 VI R Rk
WA WA . W E S s b, ELYD e AR AR
PR

3) ZEAHUE S M. H R IR R
FIAS (] W7 H VR 1S R BE 7, JF RE AT FR R o . T i
WA RS TUA . LARR R L6843 T s 0 T 13 45 RE
FReLiz 7, RERWCRBEIY R, WMB T RENE S
PR
1.2 ThEEE K

JK Bty G R PR R 9 25 A 0 E B A I BT T
JE— RGN R AT R . LAB AR 2R G0 0 = v g A nT g
P, B, REFENRUERSEWAEH . B0
RS (ICD) A BR . 254 LR I H DA % R G0 W U W 1
HH . FR G0 A R R R R R R I ) — Bk, ICD
B BT 4 1 A E B P AR B0, 2R DR T R
PRAE P FB AN AP R AL i B b r R 490 8 50 A A )
SIS W O R NS O, IR SRR AL .

FEBE B S MO, LR A IR U KL
FivfE 5 Al 47 L. 40 4% ARINC664, ARINC429, CAN,
ARINC818, ARINC717., B#EMEYEHES. BEF
ARG S WO O L. LR B Sk L R B
RAEMAEAETIRE ., B0 A S FMES . RE6E
ELFE S BTN AT IR, B A E R AT 5 3
S FIIER E17 .

WAh . ZRA BEiR 5 0 T 2 H A B 3l A0 i i A e
ERIIRE . A I o B e T B A 3 R A A
WA, BN A B PAT A TIRAT 55, 42 v 03k sk o5 A o
k. HCE A T AR N T S A R AT AR A E S,
I B A BT R B ARE MR, AR B R 4 e
R 5 BT 1) R BRI B AT AR . 3K S ) 5 T SR 2L R 44 1
T—ARsk. WERNGARIERS . KRB P
AU FEL R G0 R L T 1R S A R B R 5
1.3 HEEIEHR

N T WM RE W EEREER, GARIEREN
A BT B L LT M RE S A

1) ARINC429 B . et R#EIEAS DT 12 Ik
PEAES R 12 BRI S (R AT L E O 12. 5 kbps
5% 100 kbps, 2R3 (AL 50 A8, 2 Ui st b W) 25 48 4
IRIG-B 5, IEEE1588, {%#ii it SCREfAS 4T st () 8 .

¥R MU www. jsjclykz. com



%7

BALAE . 4. KB PR RHL AL 25 A S0 ik R e it 5 0T -+ 323 -

2) ARINC664 #r . 424K 2 F 20 % ARINC664
XU 268 3 11 S HE 0 TR & g, ok
AR AL T 100 Mbps, Kl 2532 i 6] R K T 10 ps,
Fom g%, VL 2. ICD % mygitt™ .

3) CAN BERM . AR RIEMEAR D F 10 % CAN
WokimE, S HE CAN B4y Hrf i, S is & 2%
AT

4 BRI FEAER DT 40 AN, K
BTkeELEae W T, &ik&A/NT 100 Gbps,
WS MAC FI# AR,

5) BFBRIE AL A . PRALSE — BRI, B B0 AR
KF 1 ms, FrfR&E. CRBIE1 AR EEEGE".

6) HAth £ W5 EMSS . B S A, s
TR S, HTE B AR AT REER . MR R G
TR RE

WA TR T . RATHG T R 584 441
O BARTE SRANPEREFS B . R S5 S0 R G0 B0 R g B 28
SE T RS FE A
2 JKPEAHE XM EBE SR Rgigit

ARGV WK BE P CPLAT L RS A R
#RENE B A H T S as AT I A . AT H SR T A Bk %
TEORME . LA 5 22 G0 40 1) ¥ OO o 0 A5 M TR B 4 v
TG R R ) S5 SR AN R s o
2.1 REZEMBEIGIT

RGBT R B0 R K B A C LI R GRS
B UF % A5 BE Ak L T SRS AT A . AT H R T R R
PRV A ms . DA 3 2R 0 SR 1% T B R A B [
P 0 H BB AR AT R . A IR A B
LR REM I, WE 1 iR,

o GARATRE 1
[ 2swc | [1svac ] | pwm |
Houes | [gtdaes| [eess)
e e Tttt T J'_ _____________________ Q
i BB B RET RS

| GAERTR%

(e
o] [mmra ] | (M2
(AT (——

| (__ABI8YR

| [Beerwr] [Bomimu | |
e CINCELAE
[Rrgeme] [ oom |

1
1
1
| S

___________ | GARATRY
| OBMRG | | (o] i)
[Eeme] [EoER |

K1 REBHERE B E

D GZHEFEETFRGE: FEMUMETRK, G6 F®
TRARUFHEERGERE. BV, BHEEGEME
BE., ENRERMNASMWRER, ICD iE " . 5
B S RESH, AU KRG LE. 2T &
Gt BRI — g — e A, X —
G BRAE AT LU A R M A R GRS .

2) BARBNRE TR WIEAHAE S5 M A664 B
KK RG . T R LH ARINC 429, RS422 DL K
OB R DI RE. JESEETE L W . Bl AT . A7
fitg FBCHE ik . 38 3 A R0 PR A% B AL TR RN 2 1Y
B, BRI AR T R Ak FE Y b R

3 LGAMEF RS o0 ke aE LA K W 58 e bl
G5 U 5 . 1% T &R ol DA ) 52 804 HE A 5 3il
TE P WS R IS TG . SCHRRAE S 0 J0 A AR D) 4k R 5 B 45
A DT A P 0 H0 30 5 1 A0 S 38 vy AT S

O AT EF RS U B R AL N OF
RS485 WRHATmREEE N . Bl T B A P S B IA
TE1) BT FEL VRLBE 1 R BE T . DR R G A A AR IR T AR
SEIBAT, RIE 7E W HL A O T BB R FE DI REAR Z R

X — ALY R G . AU AL ) e
2 T . T H A AR 2 B AR s i
W o BRI B T R GE T 4E b T i R
W TR RS IEAT TGP . R R SR ] — Pp
N BT AN EUM RGO R A, T AR A
A B T REFTA LG R
2.2 W

FEATGH s, BE R G 5 7E T AR A B B
% R b R P A S5 I A v A 1 S B ]
BRI, AR RN T SRR A T g . 0
Wit B A RGO .

D GRFEETFRE: R FRAGSRMAT mERN L
MEHLA B G, BB T R Ab B ES R K 25 B A A R
o XAMNIUE T RE AR TR, BT 26
HIEE At s 1) 32 VBTG T B A 19 ALK
WEz R T B A e & 1 USB 2 1, £ RG K
A3 3 3 B 67 B R SR I R A B L ICD fiC DL B
PEB 5 REGH, R T RERIEN B ESRE.

) BB RETFRGE: WRER & T X #F
ARINC429, ARINC664., RS422 % £ Fh (5 2 i Yl & R
R AR IR E D 200 B ARINCA29 & 3% F45% GHE
KR AT 48 B ARINCG664 R5H 18 9 2% 3k 11, 3 k(%
fii M 2R 35 100 Mbps, 4 (R AL 10 GFP . 3xX 28 AR
Rl AR A 1 5 R G AR o . o R B
o 31 Y RTORS oAb

3 AWML T ARG : B &NE MR KM
WHLFE S Uit a . CRef A MAC FIER S M, 52

¥R MU www. jsjclykz. com



.+ 324 - LI S 4

%33 %

-
H &ﬁL%% &ﬁj%$

DYNZEE )N

e
S i ABBAYTI B A66A I B4
ABBAZE YA AG645E ik 132

HL B
K2 RoZEmA

T IRELE SN T L. T RE N TTLHY S
3 TE G B S R TR R 3 A ORI E T 4 A s
SCEL ARINC429. ARINC664 % {5 5 (1) JC 4% VI 4 F0 1%
B, BRI AE R R R AT O RO A

O GATB T RS RARGED 1705 d IR
FE s M B U8 (UPS) Z 5. i 76 W7 vy 1% 00 T 3%
BHRLEIEAT . BT RSASS 22k 52 9 it B W 45 R 455 ok
oy A A R VA OR = Wrak d o 17 ot

JIT A R A U 35 % B AE AR MY 38U HLAE h s A
PLHEIE 4 L JELIN 7 2% . UPS R MBI AR . B R T &
S04 B RBCRFRLTE M o R AR E AL A B AL 1 TR
IR T RS e v Y R, WA TR T )
LK T
2.3 HmHEEI

AR HS, HOAERITRAT 225848, 87ERT
RY R H LR AT 4 4 v CROPE SR R AN R 3 R .
LR PR 7T R 3 002 L MRS 2 ARE 14 11 )2 B i
TR RE .

MArgEn)z. T QUERI L. BETH—mE
TEAL SRR S . 7 AT DL S o B T O AT R GG R
B B S R RO W AT . SR B A R
PR, R B S R G RE A k58 = oy A
B 25 R0 R A P 1 S AR T i B e S, X
F P RE i e M AT IR IS S R MG 9, A AU B4 P G
AR 45

W2 N TRPEORMEBEAEDZRZE, RS
J2 7 AH 35 B Kb BRI AR IR 55 0 AR A £ X — 2 i

K3 ARG

e 5 FASE Be ff AT FE P TG SR, SRR T A R AL
N R B REEZ . A, MRS R T A R fF
fitt o LMW SR, B PR DR £ 2 B P
14 T 1 A2 336 0 A 2R

WP 2 2B T B a5 1 IR B R T
FEIE b o Al 4 1 SR 2 R SR PRI, i ARINCA29 Fil
ARINC664 %, & ¢4 #0258 o 51 A 6 4 4 % )2
(HAL) (HNE 4 Fim) . BE# T AS [ 08 1415 £ 2 0] i 45
fE2e5, #RMtSE —MBEEEREE O 4 B2, XFhik
TERR R |l 87 Ak 7B 1 35 A B AR SORN 2 R TR B R
TREMY R e,

Gi— XN

B 4 HAL 2 HER &

BABAE RGN TARR BB, #ifR 52k Z
IFL 18 RS0 i A i AL MERR . SR R G A S8 I I A
Fah AP (85 R 1T TR .
3 KFERME CHMELESEIERZESII

TEREPESE BB BE . A RGU X A B AT T 40 i 3
R L P DB ARG A LA PR L 2 B AT S
Mo DATR 2 2% 522 T A0 Sty 5% -

D GRERETRS: T RERM kR LA

M . www. jsjelykz. com



AL, S KRB KHLAY AT 45 5 ik R T 5 A + 325 -

e

i g 3

EI I G B (3 Y

MEEE. WESSOHBSM KA BAHEREE. BEOE
RGBT 8008 38 5 09 LA 9 3 101 F0 3% 2 A0 38 I A 1
USB #2111, ¥ R G X 24z 1 7 58 R e fy g
L OICD e s K BCE B SR B R, MR AR GR BT
FRERE. R TR SRR EE SR . U Intel Xeon
A0, DA R AR BE A B TR s TR S T
AR Y [ SRR 4 (SSD) . DA AR B A7 % A RT S A
EEVIE . DUR B O SR IR A, off O S5l 1% 4 1
Rt s USB #0245 AR B e 45, ikl T
H, BEE&S, #2750 R R,

2) BREIRET RS RS E XHF ARINCA29,
ARINC664, RS422 2 {55 MR R . MR H 4L
Z /b 200 B ARINCA29 % 2% 145 WOl 38 S R 0 F 48 %
ARINC664 WU 8 M 45 i H . AR DU O B K A
MR 100 Mbps, B0 18R A 5 10 Ry, 38 1 b 1
3% 10 5 A R G o i 4, B R ERHE 1Y v 1% i R A
. AR PERE FPGA (Bl g2 5D W R, 5K
B2 PG5 1 = O SRR L A s B b R S M
Mk i PCB Mok, LUBA AR K B ) AR B 9 £
P BEYONR B A AR A 1. O S A AR B i) T
Xtz RIS SRR AR T AR . 5 (4R B AT

3 LGAMET RG: OB N @R LUK M 52
WHLAE S U 345 o DR AT 40 A, S0
A MAC fEE M m e, LR THRKELE LW T L
e, ZTFRGE 0TS Y HE AR S GE Y W R O aE
e, ok LR R OO . S B ARINC429
ARINC664 4515 5 ity Jo 5% D) 4 B A% i o o DR A 38 s
AT B0 B AR .k e RTREE  T  DAK T A
B DR B A% B 0 B 1 R SRR SR R B b i
T A S LR B n] ST S AT, R RS R

T PR YR

D AT T ARG BEH T 50 Y AR R
AW (UPS) REE, P8 W i 1% 00 T 3% & 1 +F
Lriaf . W ad RS4A85 i 2k 5L Pk A2 W i A . PR e
F 40 43 Ry R M R A . UPS & 48 Uk A
BT R ZEATRE J1 B RS DU R O B 15 4 A T REL I 40
TARREIE® TAF. RS485 gk 3 10 3T WIC AL &
T A A AT A 175 B0 F 0 i S B0 H Y5 TR 5 R g AT
S

JIT A R A 3 4 38 e B AE bR fE Y 38U ML . A
PUAETC 4 T U5 B ¥ 2% . UPS RS B k. B lf &
G545 R S o 3 2 X SR O T I R i, A
A 52 R B B AS AN 2 T K B T AT R AL R SR 4R S R E
Mk R, BEOR T RE MR E BT .
3.2 KHx;

FERRAF St B b . RGN 53 o LA OG5 1) g A
oo Ak R . PRUE T ERE 0 R RO R R G R IR
P EHZ R k55 6 R A& 6 fifm)

RG-SR
RGO

K=

6 RO TERIRE

D REFEBY . REZOER PO, ZEER
MG —MEMEAD, ST RENECES M, CfhEE
W ICD A8 B R . A BYAT BEAE N 7 R . dd
MR B SR R AR BT DU R B S R A
w7 ISR, REERHESCR I ZEB T, #kR
TE W T O R RE AR as AT s B i s SR A1
JEOU R AR B SR P P IR A

2) KRR R SRR BT 7 HAF T 1 A
i, AEAL BRI S A S B SR (/O . RE ICD
Pic B 7 R A A Rl it I 03 ST B A7 i R .
Bl DR R A AL By 5 28O A P L S S M 4 A B
PO A o B SR 5 R A B P 2 e R Ak L

¥R MU www. jsjclykz. com



. 326 - TIN5

33K

a5z R m|o o|l
i f25id L. L L Fa WL L)
[ ____E
BEST 2019 Lo )
( Y me
¥ -
e T -
ORI BTEERE oA
Thuua
T
gEH

AAAAAAAAA

vvvv

K7 R EmpigE

WPE P BIERE, B ORBOCR B R R E s SRR
MhRCHE A7 ks 3, T s 2 B R 0 A Ak B
IR R

B R G5 P 8 B 4 R 2R 2 i 0

P8 Hioda il 5 R G2 BB AR D I

3) H LA . A5 A Sl R R
LR IR A 2l as AT AR LA B 9 e
o dEAE A AR . AT L R AR
VERA P[] I R BT R N R SRR RE AT A BT EOR .
A S LB R S B T A 5158, SZRF I S A E XL
I AS . R BE B R A 5 A A A R B S
Z s, Jr AR B R

CUI
o B B PR B PRI E AR
S
WIAGR e
Hoh
Git— B )= a4
il Eﬁl ‘IIEIID
HAL
Bymi B
| |
K35

B9 A S b IAE B

O LR R SR ALAN AT O B R A
Jili s F SE R TR A A R e A FR L. R T
D7 FLRCHE T AR SRR P o e A 400 S B 48 41 R 35T 00 1
WERGEUIRE . W OR A5 I RE Y SE BRI PP R Al ek . 2
F O BB S 2 R O A R R R, RATEE SR T
A . PR O LI R A TP s SRR S I B R0 R A
P AR TR A 1 T RS B 1

A o
— AT 0| 2B R4
B+ 2 )
e PRI

)

LG BN

(DuT)

A GmRGIET | m
A293% LG i e i
Befi B s
BRI %
A664 3
WL &A55 || Formm faonms [maeea) [~ |
IMA

10 4 R A

PP SEF QUIESRIF R . $R S — Rl
B P T A T D 0 T R R AT R S
B, [ A = R B A . RGBT
RO Y LGB RS R B A R . T K
PRI A GUT 010 5 F 4 I S0 3585 = Jr B .
PR R U ST RS AR R I
5 QL R 4k 52 B (T T s . MR (b
FREPETIRE . 2LPAL RG R . R
G5 7 T8 P R AE

W5 2 TR 95 2 7R RCAR A BRI 45 TR . M0
I« A PR L e B AT T
BT P ST RSB T R BRI . 0 RO A
R 5 O O T 9 0 T A oA
S S AT RSO WL B AT 4 038 . L 4L
PRAESEA . PP AT TF 36 B = R Rl A . M 5
2 L T OB B T AL B0 . 8 2 RO A7 B
Fook s O RO 0 RS B R M 3 R T4 M Ak A
L% 7R S 19 T LR

B 1R BP0 (4 35 10 BB B . O3
ARG IE (AL AR 7 B 552 4 2 )0 35 1 22
S RS ERCR IR B O A R B, AL T R I
Vet B S RN B IR T R SR R P

BCFIZ U 0 00 8 54 R (BT T R S8 1 e
SR e . LB (R T 4% )2 2 1B Bt 4 1 B 1
FERCRIEB A 1 B LAV ol % 56 19 245 £ 0 4 4
TR R B
4 M

PR D 2 0 K B T A DL R 5 A T iR

¥R MU www. jsjclykz. com



%7

AL, S KRB KHLAY AT 45 5 ik R T 5 A -+ 327 -

o B T 4 S R R A R 3k B 5 T R i O B R
IRE eSS 1 I RS T N R 1 K ST M DR TR S R 7 G
A TR PR AN AR MR BT L M A T kL
TR R LA R .

F1L AL A S

4.1 MK IREE

MG e LAl. 8 EBETERSE. M
W REFRAE. GAULATRENGAIBETRE.
FIT A R R s A Y AR AR UE 1Y) 38U MLAE P, I ic 4% H R
B P #5 A UPS 240, 0 A I it o 72 109 B8 e otk 0 ] e
BeAh, WA A TR EE MBI A3l T
HAMEERS, US4 T A £ R A A% .

b= W RS e =L 7 W o= =1 7 W e i 1 R W |
AR, K, DRl B ERIE RS EEEH
B HUR 5oR B L B Sk AR B R 2 G 4 B B
AR R R IERE1T, MHE T RELEEHE, ICD
L B O R L A SR I BT R O R
fE o AR IS DU BE AL 2R G A o SRR Ak OF TR A o 7 B ]
Ko A FRAE S R IR R, BIEBUR LR, RS
M 7 B[] . CPU P AF (6 I8 00 B9 R D mT 4 e 0 3K
T8 33 K A (B3 A7 P A R T A, TR R AR e
PERAGERE ST, MR AGAS R H RO P B EE
1T, IFRE MK . )5, A Mt e ik &R 486 S [
TEE 4 M 10 35 C 7 e b B = O R 4 Bl A R Y SRR O
MR RGeS R M A B = W F, JERE I W
BAT,
4.2 MR FEMTRE

B W by 7 W 1 7 W2 2 1 Y
AR 4 DO B, L A B BOERE 53 B 31
THHFATHLRMPBAT. B ML IR E 12 frs g i
0 TR R AT I AR R AT A SR AT

M RIBY B, i@ T e TR, i 55
WEA . W R w0 PR B AR A B
BE B B A $5 B 2 B 09 Ik TR ST T B I T

Bid

¥
[wwR R | TSR | | weastng | | R

BRI
IR

SRR

BRI

PAT IR

BHHEW RS

NN

R
B 12 s A P

B, AR T A DS s fE 5 — M IR T T4 3, A
7 £ 8 I3k 1 — B0 MRk

BB B, T SRR BT 4 3 R o) A
IR AS b, B OR TR 5 T T RE S R RB AR AR . X £ 5 B
B A I R . R s R R Y A . B
B B A A% S DR T A A9 8 8 2 A 0 182 T R0 ™ A AT
W DA T3 ) 4 v R A

DT B B AR ke G S %) 03 ) A0 3 A ) 0 3
), BWHATIIR ., Esa R, T e SR g Rt
SIAT IR, A G PAT T S A A s e e
PATIEEE G . W7 B AE O 2 B S R i LR A DU
T A5 R 114 45 S 2 W] 38 0 R AT B E Y

5 S AR A B B B BT R B A RO S TR
I i 4 o 3 AL FE 40 A DX & B0 ) A S 4 A R
PSR, DR B S R 2 R U, DT A
BT, SRR 8™ b 0 SR R 4 A
4.3 B3kt miiitE R

3l A AR 1k T Python HEZRJF . B4 1 I
U AR Y v R AT R R RS PR . LU R A 4
ALK i %

Bl E AL, A R A R G E S, I
KM B D, B R
25 R DR R 1 15 45 BB 5 40K B JeB 1 &R 48 G HE AT R
5 DA 4 f 0 5K A o it R — S0

WA 4 3. H P T B R s AT RSB S
esv XM B ATE X Can py SCF) /R A B
DU R A P e 4 AR R B I NSO )2 A BR [l B3 4
DAPFEE MR 25 8 . 3 A 49 (9 4 5 3%+ Python, 38 3 5
g AR 0 (APD HEEME 4 )2 (HALD)
ARG 2 0TI RE . B B4 & O B3 ) £ s
P5 o S, R U B B AT S5 SR e . DA Rl i i

¥R MU www. jsjclykz. com



. 328 - TIN5

o33 %

4 T P O A 1

DA A A R D B PRA T S8 S . A 2R
Bl Z B PR A7 . R GAR LB IS B . I S
FUAE AR RS DU A TR A I A R R . X
ol B (75 D00 3 25 2R 1 52 B s e A L R R, B
TP AR SR R A B TR AR R R AR UL B A
AR AR I 13 B

Testdemojfitifes

B 13 a4 o

MAAIREZW] . RGNS BIRIIBE T . PEREdE Ax
B R, R s RO VERRAE M. ROk
B EDRENGAT . B A B L, R RS
TR BRI SRR B A I B 25
GO LR B REIE W s AT, o8 AT A BUN . PRI A
Hre RGEAE R ORI T IS AT RE W R I i) AR A
HRE AT & W, CPU A 77 3 O 5 7 5 B
Py o B REI . UE AR S 8T 1 735 8 E U
BTG . AT PRI B, AR 03 A I ]2 T 9 i
FBCIEEE AT. REBL i LT A9 v A S ey . B
i 7 SRR UL T RS L R DO R S AR SIS AT, W R
T ARG HE AR A

P B AR PE A S5 R AR R GURS AN [ B8 A
RS =7 B S A R AT R RIS L L AT T
{5 5730 5 o o S B A I, 00 R 0 R 3 L
AR ST, REFRAGETT. SR LRI R, A
DA RGBT RSB A e ARG — P&
R PR 46 T 1 5 A
5 H£RIE

A IR S B T R K Bl AR CHLAT L R G4
B R B MBS N .l RS R L B
WGBS, B0 7RG R B A AR T .
AR, IR B A BE i S R . A S
I TR A A TR 5E A AL T B R A

B H AR XS R A OGIESE T 3ATB it i & 2. @
JETR T AR GEAE S B AR B v SR AT S
SR T8 35 . AROR B AR KON T R T &
GERY Y ML RIEE . DUE N BT H AR AR oK . it
S KRR A B S AL R R 5 R A I 3 9] )
ARG BT . LA RS A KL A ] R RE SIS LA
MRRCR B AR . XS A B Tt — 25 | AL R
RS BIEBL . A I 5 TS AT A A

S &30k

[1] CALBEIX C, STOUKOV A, LEGENDRE R D. Numeri-
cal simulation of aerial liquid drops of canadair CL.-415 and
dash-8 airtankers [ J]. International Journal of Wildland
Fire, 2023, 32 (11); 1515 - 1528.

(2] skMdifmg. &2 5, #h 2. % 2017 R ERWHER
HrimgkgeE [J] ZERWHEEAR S ™, 2017 (5):
17 - 19.

(3] BERURL, Bwinh. REE, % HWHAEETHAKEL
AHLEE G AR (1], 2045808 TR, 2023 (1)
208 - 215.

(4] Z=emE, WAk, HaEt, % PIW O AL 5 P10 38 B
Baifekeil RE It & (1], fuas Bl 24 AR, 2019, 30
(3): 5.

(5] Eugede, BJums. FEEM. . A S 20K L& R
KATDTEBE ST [T fiss LARSEE. 2021, 12 (1. 72
- 78.

(6] Z=memmi, x|, ¥R, % 2T+ FPGA [y DSP 5
ARINC429 Mk ihlaniz &l (1. pAILSik AR
iR, 2024 (4); 71 -76.

(7] &, ZREE. i ARINC429 B4 MBI 55
()], fEesd RSN A, 2023, 11 (1): 90 - 100.

(8] EAfims, skukla, Bkt 3 F FPGA ) ARINC664/
AFDX i Z AT (1], fdb#HL, 2009, 30 (2): 1-4.

(9] JAlmkir, XIS, B WK, 5. 2978 CAN Sk M2
WIS ] s AR, 2018, 36 (3): 78-81.

(10 AMEA, T wl, 2= b LR HHLH MAC
MY Esm (7). PEES BB, 2023, 32 (11): 75
-81.

(110 ¢ . 2= k. Ahgtde, 5. Nid M4 RE R E S
FEURSEL )], R Myl S8R . AR M, 2019, 15
(7X); 2.

(12] skokas, # B, EUHR, . KEEE HLE KX T
ST ks bR [T]. fiiZs 24, 2023, 44
(21): 104 - 147.

[13] Tme/R, &5 7, M J. —FEH CHLIHE R 41 %
GBI (D). BFHRAR, 2023 (3): 64 -66.
[14] #ieA<, WIEZE, R, 55 JT ICD B Wi 8

LM B sh A o kg (U] s A, 2011, 30

¥R MU www. jsjclykz. com



%7

BALAE . 4. KB PR RHL AL 25 A S0 ik R e it 5 0T - 329

(11). 84 -87.

[15] PEREZ-MATO, J, PEREZ-JIMENEZ, et al. Optical
wireless interface for the ARINC 429 avionics bus: Design
and implementation [J]. IEEE Aerospace & Electronic
Systems Magazine, 2013, 28 (6). 15— 21.

[16] YUNXIA S. Design of an application circuit featuring
cross backup and distributed receiving based on RS422 bus
[J]. Fire Control Radar Technology, 2019.

[17] WU H Z, ZHANG L J, ZHANG C G. Realization of eth-
ernet and RS485 communication gateway based on pC/0OS-
11 system [J]. Applied Mechanics and Materials, 2011,
39:. 416 —420.

(18] £ W, kMR, BER. RALREEFMR)ZNIE

L (1], T HA L, 2001, 27 (109, 3.

[19] MORE A. Intel xeon phi coprocessor high performance
programming [J]. Intel Xeon Phi Coprocessor High Per-
formance Programming, 2013, 13 (vember): 23 - 57.

[20] XIE%, BEIH . EWRE. & —F AN RITHEH K
PR T LI IHEHLIWE 556, 2024 (2):
50 —55.

21] w5k, X1 i, E£®IR. . HET Python IImfik A
AR A [T]. FHEHL TR, 2009, 35 (15): 64
- 66.

[22] %4, i M, 3 Bl. %. JET Python 5 i GUI
F e I s A B R BF 5 [T 35 L = 5 6,
2015, 23 (10). 3330 -3332.

129,299,999,999,999,999,999,999,993,993,293,293,293, 293,293,299, 993, 290,290,299, 939, 033,230,299, 099. 039,939,939, 099, 239,299, 999,099,099, 999,999,999, 999,099, 099,999,999, 999,999, 999,999,999, 999, 999,999,999

ClRH5S 312 50

[15] TAN J, WANG M, ZHANG J, et al. Determination of
the thickness of interfacial water by time-resolved sum-fre-
quency generation vibrational spectroscopy [ J]. Lang-
muir, 2023, 39 (50). 18573 - 18580.

[16] HHE E. B 23 BF MO IS R G & AW % s )
RS [D]. pEat . R K, 2018,

(171 F ¥ BRSO 7 8 K TE S AT 58 i i i il (D],
Kt RERY:, 2020.

[18] J& ik, Hib R WA R R W45 53 J1 % %58 [D]. bt
e FEBHEROR KR, 2022,

[19] WEI X, HONG S-C, LVOVSKY A 1, et al. Evaluation of
surface vs bulk contributions in sum-frequency vibrational
spectroscopy using reflection and transmission geometries
[J]. The Journal of Physical Chemistry B, 2000, 104
(14) . 3349 - 54.

[20] HELD H, LVOVSKY A I, WEI X, et al. Bulk contribu-
tion from isotropic media in surface sum-frequency genera-
tion [J]. Physical Review B, 2002, 66 (20): 205110.

[21] WANG J, CLARKE M L, CHEN Z. Polarization map-
ping: a method to improve sum frequency generation spec-
tral analysis [J]. Analytical chemistry, 2004, 76 (8):
2159 - 2167.

[22] ZHUANG X, MIRANDA P B, KIM D, et al. Mapping
molecular orientation and conformation at interfaces by
surface nonlinear optics [J]. Physical Review B, 1999, 59
(19): 12632 - 40.

[23] CATTANEO S, KAURANEN M. Polarization-based i-
dentification of bulk contributions in surface nonlinear op-
tics [J]. Physical Review B, 2005, 72 (3): 033412.

[24] RICHMOND G. Molecular bonding and interactions at a-
queous surfaces as probed by vibrational sum frequency
spectroscopy [J]. Chemical reviews, 2002, 102 (8):
2693 - 724.

[25] NIU K, WANG H-F, MARCUS R A. Sum rule compari-

son of narrowband and broadband sum frequency genera-
tion spectra and comparison with theory [J]. Proceedings
of the National Academy of Sciences, 2024, 121 (19):
e2402550121.

[26] LAN Z, CHEN F, QIANG W, et al. Direct observation
of water clusters for surface design [J]. Chemical Engi-
neering Science, 2020, 217. 115475,

[27] ROGNONI A, CONTE R, CEOTTO M. How many wa-
ter molecules are needed to solvate one? [J]. Chemical
Science, 2021, 12 (6): 2060 — 4.

[28] WANG H-F. Sum frequency generation vibrational spec-
troscopy (SFG-VS) for complex molecular surfaces and in-
terfaces: Spectral lineshape measurement and analysis plus
some controversial issues [ J]. Progress in Surface Sci-
ence, 2016, 91 (4). 155 -82.

[29] GHOSH A, SMITS M, BREDENBECK ], et al. Femto-
second time-resolved and two-dimensional vibrational sum
frequency spectroscopic instrumentation to study structur-
al dynamics at interfaces [J]. Review of Scientific Instru-
ments, 2008, 79 (9). 093907.

[30] WANG H-F, GAN W, LUR, et al. Quantitative spectral
and orientational analysis in surface sum frequency genera-
tion vibrational spectroscopy (SFG-VS) [J]. International
Reviews in Physical Chemistry, 2005, 24 (2). 191 —256.

[31] YANG Y J, PIZZOLATTO R L, MESSMER M C. Inter-
nal-external reflection sum-frequency generation spectros-
copy at an interface [J]. J Opt Soc Am B, 2000, 17 (4):
638 —45.

[32] PIATKOWSKI L, ZHANG Z, BACKUS E H G, et al.
Extreme surface propensity of halide ions in water [J].
Nature Communications, 2014, 5 (1).

[33] YUCC, SEKI T, CHIANG K Y, et al. Polarization-De-
pendent heterodyne-detected sum-frequency generation
spectroscopy as a tool to explore surface molecular orienta-
tion and angstrom-scale depth profiling [J]. J Phys Chem
B, 2022, 126 (33): 6113 —24.

¥R MU www. jsjclykz. com



