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Formal Modeling and Verification of Automatic Flight Mode Transition Logic

LIJunan', HU Jun"*, WANG Lisong"*, HUANG Zhigiu', CAI Xin'
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Abstract: Automatic flight control system (AFCS) is one of the most important safety-critical systems in
modern aircraft, and flight guidance control system (FGCS) is an important part of it. There are dozens of
flight modes in FGCS, and its mode conversion logic is very complex, which is prone to pattern confusion
and other problems in the conversion of various modes, making it difficult to verify their safety and
correctness. However, formal modeling and verification of safety-critical systems can improve the correctness
and safety of the system by using formal methods in computer science. This paper takes the automatic flight
mode conversion logic of typical FGCS as the research object, uses the software tool ART (Avionics
requirement tool) independently developed by the author team to carry out formal modeling and verification,
and compares the verification ability and efficiency with the Design Verifier tool in Matlab/Simulink. The case
study results show that it is feasible to model and verify the automatic flight mode conversion logic of FGCS
using formal methods. Meanwhile, our software platform has more complete verification capability and better
verification efficiency.
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AL A ] AR P AR R R ] R SR A X R
AR 2 AR R A B A S B R 5

C: ok, i Rk Aok Fom — A5

E. S 4,8 F A XK event(S)modifier(D) ,
Horp ST E FF, D RSF P&, event Km F
FRIAT 3P @T @F Fl@C. SRR T
B, @T FHESCH S & S @F FH 5 LN
S&IS.@CHFAFEL N S S)CS&!S),
modifier % 75 & i # /E £F 3L A 3 . WHEN,
WHILE .WHERE., WHEN %75 &4 D [ —f %]
b E WHILE %78 4 i if % D 8 5 \WHERE %78
F—REMYFCRED E I E,

F: M6 R0, W w5 T B p i B X 3 R 1
R OREHHRERENE

TS Bl 260,408 R 40N T A 725 8 BT 8 15

LRI
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455 SCHK [ 28 ] i BT AL A 19 9 & 737 A Bh
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F LI — R A ROR ), A rh SR A
B P51 53 AR 3R AN W) 5 ) A e 0 B
0. EHOWE LR - A5 tCASpresel 24 true 4
cCASdiaplay HUff & mCASdesired , 75 I cCASdia-
play BUE & mCASactual.

R1 FHRRG
Table 1 Example of condition table

A5 4 (Variable) % (Condition)
tCASpresel True False
cCASdiaplay mCASdesired  mCASactual

1R I8 203k SCRT LLER K an R /32
w|ARK:
cCASdisplay = F(tCASpresel )=
mCASdesired
mCASactusl tCASpresel = false
K25 M T — DR RG ZFEERN LS
Z5 R 24 meStatus BUE A AT Tmode 3 FPAmode
I, 35 7 A58 THAR S AR O R 4L G ImALTsw,
tALTpresel, tNear, mALTsw', tALTpresel’,
tNear'| fil {mcStatus, mcStatus'f % J5 & X H H [A]
A% i tARMED 1A .

tCASpresel = true

®2 FHRTH
Table 2 Example of event table

i3 (Mode) Fi 1+ (Event)
ATTmode, FPAmode @T(mALTsw=on) WHEN
@) —
(mcStatus) (tALTpresel AND NOT tNear) @F (meStatus=FPAmode)
tARMED True False

20 NI B SR Cn] LA SR A g R 2 A

~i

tARMED:F<mAL’I‘sw, tALTpresel, tNear, mALTsw’, mcStatus, mcStatus’):

False

RIHH T — MR R B w0, %R E X
T meStatus B 2R X7 PR A= i e 3 At AR

True (mcStatus= ATTmode AmALTsw'= on A
mALTsw = off \tALTpresel = true A\tNear = false )V

(mcStatus = FPAmode A mALTsw' = true AmALTsw = false /\
tALTpresel = true AtNear = false )

( mcStatus = true AmALTsw'= false)

B AR . 2 3 XA 203E nT LRIk N
LU BRSNS N

®3 BARBRRTO

Table 3 Example of mode transition table

AR 2 (Source mode) HAF(Event) H 9 #% 2 ( Destination mode)
ALTmode @T(mFPAsw=on) FPAmode
ATTmode @T(mALTsw=on) WHEN(tALTpresel AND tNear) ALTmode

@T(mFPAsw=on) OR @T(mALTsw=on)WHEN
ATTmode (tALTpresel AND NOT tNear) FPAmode
T 2 S ) s . ;
FPAmode @T(mFPAsw=on) WHEN(tALTpresel AND tNear) OR ALTmode

@T (tNear) WHEN tARMED

mcStatus'=F

mcStatus, mFPAsw, mFPAsw/, mALTsw, mALTsw/,

tNear, tNear’, tAL Tpresel, tARMED
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2.1.2 ZARBBEEKRME

ART T H 5% o 50 UE ) B8 3 43 F £ 1k i 7 3%
BEOT AR EZE R A EIT e BIERMR. BT
Dy WS GUKE A SR8 T R B 8 P 5 S X
132 48 22 A 50, 78 ART Hhol i 58 B0 4E & DU
ERBES YT ENMHEITAR RS T2/ A% )E
PERE IR AN o AR AL IE N B 0T DLk 6 1Y A 3 A5 AR
AE R/ R B DR G NN BTSN UAE 0 S D DIVA R i
RIS B, 22 Je B S e S AR AR PR AS S SR
NN R AT 2 Jil R s T o NS TR (%3
S BN AR A AR B R 42 R PR AR

U4 JE PR R R R — ARG AR BT R
(9 A~ B B e B A2 14 P J5T BB AR A A 4% 70 T A
R . RSB PR — A B 2 TR B AT
JWH, ASCE LT 4RVE RIS, anlE 3 s, o 9]
SRR RN AT X ] .

2 ) (Global) : 1l F BN ARGz fril BB H ; 2
A (BeforeP) : 43 1% 45 & AR B0 1 P 22 Aif 19 3 i
ZJa (After) : & 45 @ WA BLR A P Z )5 1930 [l ;
B3 (AfterPUntilQ) : 61 & M 45 8 RSB A P &
AR B QR A FT L .

£ _ :
Global

P2 m—

BeforeP
LR e
|
P Q

AfterP

BE|
AfterPUntilQ

HAF R

K3 RS E R

Fig.3 Diagram of action scope set
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ARZS " 2 B T FE A B A A A

A AERL L Absence (P) : H THiiA— 1R 4
IAAELEAT N, FORTEAE T B RS/ F A P AL
L

mcStatus = ALtmode A mFPAsw = off AmFPAsw' = on
mALTsw = off \AmALTsw' = on A tALTpresel = true /\ tNear = false

(mALTsw = off A\mALTsw'= on A tALTpresel = true A\ tNear = false )
( mFPAsw = off \AmFPAsw'= on AtALTpresel = true A\ tNear = false ) V

FPAmode
ATTmode
ATTmode (mFPAsw=off \mFPAsw'=on)V
FPAmode
(tNear = true A tNear = false AMtARMED = true)

fEM L Existence(P) : A PR — 1R G 17
TEVEAT Ry, F7m TEAE PSR 0% B — 30 2 v RS/ 304
P o il

i #5 2L Precedence(P, Q) : H FHiid— 1 &
G0 R T & R AT R FRon AEVE R0 RS /S
PSR IR /S Q R B Z T

A 2R 485 5 Response (P, Q) : | T4 ik — 1~ R 48
BRI OC RAT R, RORTEAE BT RS/ HAF P
B RS B BURAS /1 Q.

o H A A R R A R A A X,
TATEART b U T T2 2@ stk , i
48U Je o AR AR -

(1) 4= Jay PR SR BERR < 42 Ja 1 T 38 5 PR SR A =X A
4G, BARTE SR SR R AR R s T i
o RS/ P B S R BR S/ F Q.
BHEILA N AGP>Q);

(2) 4= Jay A7 78 PR SR A AR - 42 Jmy 1 T 1805 A7 AR A
X HREHE S, ARIBESWHABR N DR
Gris ATk B AETE B — i ZDR A /SR P B R
B/FMN QI , I ALLN EF(P>Q);

(3) BB A7 7E R BEAR - B BIE 85 A 7E
HARBXMHEE S, ARBTFHAR N ERGR BT
e, BELRAS/FHF R AT, A7 RS/ R P
HEFECRE/F QMR LR, BB LK
F M E(P>Q)U(R);

(4) 2Ry 52 A U R B AR - 4 Jm A P3R5 R SR A
REG . ERFRERY WA, ARES R
AR RGBT R A R BURS /S P,
MR — i 2R S/ F A Q kA H e R ECARE/H 1
R&kH . BHEIRIALN AG(P>AX(Q>R)).
2.1.3 ART T E#-F & mR AR

ART & —/ i ) DO-178C/DO-333 ML 4% %k
1 5 L bR T B B OR b B R E TR 6 .
ART T HEW D2 HRE S MR L 208 R
RS I I 1 BUI o €= 4 7o o - S B I VA )
TEM CE MBS LR, DB —-ET
S 8 200 75 SR A A R VRIM AR A ) 57 4 4
5, ART T ES- G iHIFN i s iy 5
A Bt an 4 J R .
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2.2 MATLAB/Simulink/Statesflow

Matlab f1 MathWorks 2 w5 7 & Fl & 17, j& —
T B A A . Simulink & MATLAB
B — R A Bt TR T T30t A
B R4, X2 R G 7 Matlab 9 #2450 15
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— > Simulink £ 7] DL i — A>3 2 A~ HAl Simu-
link A58 B 2 i, P9 g ml DA G i 2 SR AE ] . State-
flow 3 F5 0 AR S5 BB A | 3 2 A FROIR S L3R
IR — B AR KT Stateflow #5554 AT DL 4E AY 3]
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TR AT B UE . T MBSA LA i —&
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Fig.5 System requirements-oriented modeling and verification framework
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3.2.1 BRAfuEAg

R AR A I R G N R A it
ZOR M) REZ R AR S 2% . XA B RGEM
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Table 4 FGCS hierarchy
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Fig.6 Capture/track mode
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MODULE Select_ALT
(m_When_ALT_Button_Pressed_Seen,
m_When_ALTSEL_Target_Altitude_Changed_Seen,
m_Is_ALTSEL_Track, m_Modes)

VAR
result: boolean ;
ASSIGN
init(result) :=
next(result) :=
case
next(m_When_ALT_Button_Pressed_Seen.result)&(next(m_Modes.Modes)=0n)
: TRUE;
next(m_When_ALTSEL_Target_Altitude_Changed_Seen.result)
&(m_Is_ALTSEL_Track.result)&(next(m_Modes.Modes)=0n)
: TRUE;
TRUE: result;
esac;

FALSE;

K9 FGCSHRL XMV A
Fig.9 SMV model of FGCS
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