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Fig. 1 Double V diagrams for design and engineering test
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Fig.2 Conformity evidence chain
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Fig. 7 Method of airworthiness conformity evaluation based on

weighted D-S evidence theory
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Table 2 Matrix of validation requirements
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Fig. 8 Flow of validation flight mission
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Table 3 Mapping of AFCS architecture

Pl B
A320  FMGC, ELAC+SEC+FAC, FM(FMGC), FADEC, ADIRS

B737 AFDC, PFC, FM(AIMS), EEC, ADM

&P (flight management) , FADEC A &R EF &
h#L# ] (full authority digital engine control), ADIRS
R KA A5 2 ME R 4 (air data/inertial reference
system), AFDC 2 H 2/ % 3¢ €17 45 51 11 5 4L (aut-
opilot flight director computer), PFC & 3 K475 HL
(primary flight computer), AIMS & KHLIE B & H &
45 (aircraft information management system), EEC iy
% SIHLEL T35 1] #% (engine electronic controller), ADM
KB B (air data module) . 3 4 2 AFCS
TR, Hidh, NAV B3 (navigation) , HDG/
TRK K i 5] /i 3% (heading/track), LOC K i 7] 14
(localizer), CLB 4 € F} (climb), DES 24 F [ (des-
cend), ALT N ¥ (altitude), V/S hy 3 B & (verti-
cal speed), FPA N KATHi1%2 ff (flight path angle ) , EX-
PEDITE Jy/illi# (expedite) , G/S 4 T #tiH (glideslope),
LNAV 4 7K F 5 fiii (1ateral navigation), VNAV iy I
B 51t (vertical navigation), FLCH >~ €47 5 i J2 2t
7% (flight level change) -

QAT RIS TAENE, & WITHdE
R MR REAE | XA B Bk
BRI H S, Bl AL A B 600 A4S 5 UE 3 5 ; il it
Kmeans Z LT 54508 . 1535 40 > A 5k
S BETRERS, 4 8 AN R kAR
A, N S R,

X 4 IS ) 3 37 O S A R U R S is AT
G AT 34, RO T 5 R BT W A0 i o o B 45
F W, AT FH Y 2% P 2 R R SR 55 8 100% .
FEAR VG (] AT XL 2 A0 ) AR DX TE] P, e BE 4 3R

F4 AFCS TIEHERBET
Table 4 Mapping of AFCS working modes

P KA e LA
CLB, DES, ALT, V/S-FPA,
EXPEDITE, G/S
B737 LNAV,HDG/TRK,LOC VNAV,ALT, V/S-FPA, FLCH, G/S

A320 NAV,HDG/TRK, LOC

£5 BHGRHEEBE

Table 5 Occurrence probability of some scenarios

YRS AR YRS HERAE
0.221 5 0.001
2 0.105 6 0.006
3 0.024 7 0.013
4 0.037 8 0.005

A 14 38 o R X A0 T 45 R 1) KA T R R
JA B %R 100%, PR, 40 1 56 IR 3 5 RE
RS O] BE Y RGBT TR

Xt 45 I I 56 IE B SO A A AU LA AR R
W8S RO AR 2 P AT 00T, DAAS TR S e
FHHL B T fi3 i 20 . 8 Al K T 4 e 280 IR Sy A 40
PEAT G oA, G5 RWNE 9 B . AT L, 2 AN %Y
JRE 2473 AL AR DK DA 45 9 B 220 g XLt Sy 249 40 4 1 %
o3, R SRR A AU RN R R IR S
AN E P

] .

15 35 16 18 20 22 24 26
K/ (mes )
R AROT R  Z) TETHHLBH TG 1 %)
B9 TeTHHLBIIT AR 2, o BERAIT LR i 200 XU A
St H

Fig. 9 Statistical histogram of wind speed at beginning of

climbing maneuver and altitude capture
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Table 6 Basic probability assignment for conditional related

variables under scenario 1

) HEAME AT
TEHR A — - —
LB IE SR ANl R SIE T SR
m 0.9032 0.097 8
m, 0.753 5 0.2475
msy 0.8713 0.1297
m, 0.8477 0.1533
my 0.8102 0.1908

F£7 1551 WEXPRRE

Table 7 Basic probability assignment for scenario 1

FEAMLARIAL
WL EUE R R ANl LB E T SR
k, 0.999 6 0.000 4

IEHES

R T ) 55 ) R AN AR SRR B AN 37 5 1 R AR MR,
T3 203 8 I 71 114 78 73 177 5% 5 AR MR 5 Ik {1 245 2R
K10 0 93 55 AR E 5 5 5 A R BOR
o K10 AT LUA Y, ACE R BOR T 0.02 19
o, FLIE A A (R BB AN R 2 A0 A2 A B 2, AL
HARBUNTEEE T 0.02 19375, HEEA AR E R
B R BRI N AR A, I PR AU A B/ N i 3 S
Hh b S AR/ VLR 37 55, B 237 5 P R AN
FE Y6 I T A 25 Y AFCS kA HE 4 T (L B A5 A
FRCREA

TEAT B f5e & I8 AT A 1k 0 B4 2R, 2 4%

*8 WMOFRERFERMELR
Table 8 Basic probability assignment results for

some scenarios

SEABERIRA
A RERR
WRRIEFR AW ERIERR
ky 0.221 0.999 6 0.000 4
k, 0.105 0.7594 0.240 6
ky 0.024 0.8403 0.1597
k, 0.037 0.790 5 0.209 5
ks 0.001 0.269 4 0.730 6
ke 0.006 0.4417 0.5583
k, 0.013 0.3814 0.618 6
kg 0.005 0.2207 0.779 3

0.4},
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10 SEAMEAMEEE R 57 5AE R4 E
Fig. 10 Line chart of results of basic probability assignment

function and scenario weighting coefficients
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Table 9 AFCS airworthiness conformity analysis results

SEARMER R
ERZR
LI TER R AN L BIE T >R
FEGEE PRI 0.6232 03768
S D-SUEHE F3E 0.7352 0.264 8
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Engineering test method for avionics system based on
conformity evidence chain

ZHONG Lunlong" ", ZHANG Zhuoxuan’, CHEN Yonggang’

(1. Tianjin Key Laboratory for Advanced Signal Processing, Civil Aviation University of China, Tianjin 300300, China;
2. Zhuhai Terminal Air Traffic Control Center, Civil Aviation Administration of China, Zhuhai 519015, China;
3. AVIC Xi’an Flight Automatic Control Research Institute, Xi’an 710065, China)

Abstract: In order to form logical and traceable airworthiness conformity materials, an engineering test method
for an avionics system based on a conformity evidence chain is proposed, and the key problems in the implementation
are analyzed and studied. A validation platform based on the specifications of an automatic flight control system’s
airworthiness verification is built and implemented, using the engineering test of the system as an example. In the
validation scheme, for the problem of describing the uncertainty of some parameters under complex validation
scenarios, an authentication scheme based on classification probability multi-scene analysis is proposed. Based on the
requirements of airworthiness verification, the flight data is filtered. To characterize the uncertainty of specific
parameters under the validation scenario, a deterministic scenario with the occurrence probability is constructed by
applying statistical characteristic analysis, random sampling, and merge reduction to the filtered flight data. A method
for analyzing airworthiness compliance based on weighted Dempster-Shafer evidence theory is proposed, with the
goal of addressing the issue of airworthiness conformity judgment in multi-scenario and multi-parameter conditions
through validation data analysis. The occurrence probability of deterministic scenes is taken as the weight to conduct
evidence fusion, and the interference of some small probability scenes on the fusion results is avoided. The suggested
approach is practical and efficient, as demonstrated by the outcomes of the automatic flight mode engineering test
conducted utilizing real flight data for the automatic flight control system.

Keywords: conformity evidence chain; engineering test; classification probability multi-scene analysis;

Dempster-Shafer evidence theory; automatic flight control system
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