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Abstract

In multiple unmanned aerial vehicle (Multi-UAV) supervisory control system, the
operator participates in mission planning, problem solving, and contingency processing
with the help of automation systems. It is full of importance to soundly allocate function
between the operator and automation systems for a single operator controlling
multi-UAV effectively.

There are two methods used to allocate function between the operator and
automation systems: one is static, and the other is dynamic. Since the static one may
generate some problems, e.g. “Out-of-the-Loop”, it is significant to study dynamic
function allocation for multi-UAV supervisory control system. This thesis researches on
the problem of dynamic function allocation in Multi-UAV supervisory control system,
and made some contributions, as follows:

1. A multi-UAV supervisory control simulation system was presented and
developed, after the inherence of multi-UAV supervisory control was preliminarily
studied. This developed simulation system provided a platform for research on
multi-UAV supervisory control.

2. A fuzzy-logic-based dynamical function allocating method was proposed for
multi-UAV supervisory control. Dynamic function allocation has two basic problems:
how to define levels of automation (LOAs) and how to change LOAs dynamically.
Correspondingly, LOAs in multi-UAV supervisory control system were defined, and
meanwhile, the method using fuzzy logic was suggested to change LOAs dynamically.

3. A queuing-based multiple unmanned aerial vehicle discrete event simulation
model (MUAV-DES) was established. With analysis on the attributes in human-UAV
interaction and the event types, arrival processes and service processes are
mathematically described, and finally MUAV-DES was theoretically set up. Afterwards,
this theoretical model was implemented on the basis of SimEvent (a MATLAB toolbox).
The implemented model has been applied into the impact of dynamic function
allocation on system performance.

4. The impact of dynamic function allocation on multi-UAV supervisory control
system performance was studied in this paper. By introducing the concept of wait times,
the criterion was built to quantitatively evaluate system performance. The impact of
dynamic function allocation on system performance was studied by human-in-the-loop
experiment and simulation with MUAV-DES. Both human-in-the-loop experiment and
MUAV-DES simulation validate that dynamic function allocation can effectively
mitigate the wait times, and eventually enhance the system performance.
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Key words: Multi-UAV supervisory control, Dynamic function
allocation, Levels of automation, Discrete event simulation model, Wait
times
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B&EHRRER: MEGHTHT, RARBENBIREHITE: MELMHETEH
M B AR R CGXEREELE UAV SA KRS HHblFEHMEE
te#, T EMEREMHEBAR R ARSI SERRE) » ERHRNEOHER
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FTig TOT M REEF N HEF N U LW EFRESFNEEOREES. B4
7] LB 48 UAV 19 ATO, #4ERTLUBAE S BIAM TOT HE. TOT HEERE
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B1E AR IR
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WEAEIRIE RURAS, 150 R TR S IR A4 .

MR AU EMOAE, ETNEOERTELEAEN. o UETHE
B TERE TR IR P R 1E R A RS R BB AR, W S E R EE
REPARS AT RTTBEE—ERRE: $—, FREFEERERIERK
WXBNAR, BARIIELEEREELN. $=, SHEBRERER, &
EXHENE RABRESHBWEDERE. B, BENERREE “ELT 7,
A
() ETFHEAEHR

BAE AP BRI T AT A AT R R AORS, FRFETHAERRAT
HE. BEBEANZE: SREEER. BRER, REER,

BEBEER. RERTHRRD, FE5RALEY, MESSE—~ARE
FATCER, BEAMBIZATH. MERGILE, ROV RSEITHREHAL. R
—ANREAMKI S B BB, BOMRIZITH, 0SS XL A B
MIBIA (IMRATE) . WRRAEITE, SR MRI0T R R IS8

BMEEOELETAFIELD, RN, EEERe), Fif, Walden
1 Rouse FIR T WITRMESITLIERE, MITHNEBELBRA— IR, %
FERE—A “B—REE” UREHN “BRE” WTRETH, BEHESS
R —MEBRIIAT . —B “W#E” F5AFIH, MITmalissis A% %
R %P, :

WRMA, 522 WEERREBRER B R arh R AR
H P, B R — AR RRERTEAR LS . WRXHTESEERRNS
B, BLRERAEBRITREASHAEE: R, WEFRALSEEHRANS
B, WATHERS I —Lrhse, EEMOMAELLSHEIIEW. £RERIET
AFFEEIRONE, SEATIEETESEEHRARETE RN ES%
KERW

R ALK RIFRO M BB R, BTN BRI B TS, HFOURIEN K
BRAEEEZHMORRE. R, EFR—AwE0. ST R0 A
HAMRASM.
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HERLIZT (A AR SRR TR L ™ ik TR R RSN A Th e S B R AL i
—ANEREEH.
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B A I RE o BRI R AR o LU s o P e AR, Bl % AP SRR AT LA
Rk “WREVBRZFHE SHRAN, BEREELCE)MEF, HLTH
ke F BRAERAKRSE” . ETNERRIBITURRR: “MPBELIFEX
HiRER TEBE—/MEREZT, BATHR FULANEREHRATHHRIER.
—HHETEERAN, RETUE/LFREERER OB T LRITI6E
. B, HF—EEREE, KFELIERFAFER.

—AERMBRRTREE. BETENASRBRAALN, FEHYE. K
PR IR MBS M R FBRM . WRDAER RIS T HEIRIITHE
B msEns, HAREARB—EPMORENRAETEN, XTRSGRIER
FERAMES E X SEn— 58,

FEARRE UG OKESRMAER, &R ARE R LT &
LR, TE R B R LR I T SR AR AT R SR T R A BT, X — R
BRRAEN, RTHEERKRSE, BHEELNEMELSARRLHRIAS
BRIFH. Rouse WA “HIRBERFTHE. HAULUEBIRB RS, Bftyibase
SR EBRATED B RERWTHES, BALNBRTERBBNR, BIE
RTATRERA RISk SHBI REHTRE” P,

33 BEANNBEEHRLE EFHEX

ERYZEANUEBRENGERSEN, BT THEREATENELES,
FIBEAZ SR —RIITHS, SBETFEZARTSS5RSEHERE, X&
FAER O DA ERAE BB, BATABANRH RERTHR, AXIEXLEHEB)
REFHNERAHRS.

HEE 3-1 IRHAE BN ESER, IAT— N FESNTEHBRER
NEIREHBRAFRELBERESNEEES, B FLAKMBANR T BRIE
AMERAGRETESHST.

AP RAMNESHE. MUFEML. RBEH. HIRRGMESFH#ITHE. —
FHE, XETFEEZHRTEEAMBBEEHAZEEESMES: H—TE, H
WESHEE— LW REHEEN B3 EE FE AN E AT RS,

%M Sheridan ! Verplank $#& H #1432 (SV-LOA) Xt BRAEH& B E XA
BE%%:. Ox42F3: ORBEEHE: OFNER; @8 EEH. XENMERSD
B3R T SV-LOA BHKIER—ANER, WHISMEBRXNNF SV-LOA FEKENEA
K AFHNKF. HTFARES, A—BESEETNHABATRARTY, EHEZ
DREAUREE—BR, R 324 HTXAANEFFHNTIENR.

18T



E IR FRARKE R LB 47 iR 3

% 32 A B X SRETIEEAR

& . BIER T AN BUERRE | TANARE | BIEATHE
5l RT3 | MRITE | RUEEREIEESZ | ARKRIEEIN BRI

1 | Fis v v

2 FEEE v J J

3 | BishEE v v J v

4 B 54 v

REMBEZFZBENTESFVNEETERMAATR. BREXEEZIE
(Allocation, AL). HUZEE %I (Route Planning, RP). E2%#5 %] (Weapon Control,
WC). H#riR% (Image Analysis, IM) £, AJLAE XWX 3-3 IRMIEZLAE
ZR, REPHFEFRRE—NEEEYL, EIRFRZENETER, §—1TH

RTREBFTERMARK.
x 33 REBEHFRENX
LOA AL RP wC M
1 1 1 1 1
2 2 2 2 1
3 2 2 3 2
4 3 2 2 2
5 3 3 2 2
6 3 3 3 2
7 4 3 3 3
8 4 4 3 3
9 4 4 4 3
10 4 4 4 4

RXTEEMMBEEHRZNEEZRZE, FiESHRENLER LR
REBNEDRIMAOME KB ARRLN A EFR, WL RERME A
BRI RATHREHZHET .

3.4 ZEANNBEBEFRSE B X ERBZRE
FEANREZFIRS B EFRHABEERE 3-1 Frty R ELH.
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EB R YRR K FRFAERB ¥ A8

RitrATHER

#H R .
REWEH ;ﬁ;
BIER /
HERR I
AR

HWEETK

H 3-1 EXEANBEEHARE AT EREEREHE

ME 3-1 FATLLEH, BRERARSNLIESTRRERANBEEES, &
15 FRA IR E R TERRBRAE R RERE: MRS EFZURMAL
RRGHB XS R BENFERBEE.

3.4.1 BENEZRNBA

E3-14HTEENEEN=/ A BIERTIEE. REQERUE. Z5T
L& FK.
(1) BERITHEER

EEIEZENLEZHNERGN, BEASIBRA—RIITES. BIE
RIS SERX S TSR N EERARAM . S FEANFES, TLURERE
REEABIZAS T H R E, RPN RFERRZTESNIEER.

RESHEENNES, XEESURES I HTEFiiel, KERIER
EAFF B ISR E, BFES i WTEERTFEN w. RE TZ]
EESERCENESESE={i,,icl, XFm<N N r BZRERHT
EERN:

w=y W, (3.2

FARG)ER R EHE—KBEERNIER, HERERIERXBRNRINT
fE&.
() BiERHRNE
EHEZTEANGEBESHET AR, ®iFTHEMESATHNERE AT
2. ZEASCRERIE AN EEIIRE AERBES PRI RN ). #1E R R N6
A BERQ.DRITE.
(3) HEEFTK
EAXTHRESERRBAESHRER. ERILZEAREBHHELRE

B, STFEEHT T HEARRR, TUABNTFTESREELREZSIEERTA
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_ AR FERE R K FH R AR #0783
RGN, W: SHEARRBE, & EERRLBENE, o RRI &
MEE PR, SERERTENEE, El, ARTERETEENR
FA: MR, MBEEASETE—MHEREN B, XL SR mALH
TeX RARAE R R RAEW, LIS AR SR TR AR 56 A1

LHMES TR BB MR MR B TS RERANIER, HIRE
RAEME RN, YAESERMRELRERER.

342 HEMEZMRTRE

e T BENEENBAG, BENEERANE 32 FiRMREREEES
FHHE,

2T P A

KA E
W LR R TTIE

& ETETE
{EH PR

FEER =

lyeﬁié’é#(

B 3-2 ZEANBEZ B RESHERED R RKAE

ME 3-2 FALEH B EZFZNSEB RBI=MER THRE: (1) UAV BEE
ENBEEEZFRMRE; (2) VAV BEEE AFEESHRNEZEEFTS5H
HRE: (3) UAV BEFENHZEEFERMREK.

£ 3.2.3 W B 45 H BhATh AL 2 AL 00 k& SRRE T LUR = A SR Sk R, BRIk
ARG HESLMBTREETUAFRERRNRR. TEEI ER=ME0,
REPHTFBEERIZHRN .
(1) VAV BfFIEHE I B E L6508

BEEFN, KEREARSEZERZEEESL. ETREARENEES
RAXRFERBTERERERN DR, BETHEEAHR. XERAHKIE
BEARSHZEZRZE B EFHHEN:

1. BEATHEERKXBFY RN ERKE, REXARSNEEES;

2. BERATHEERNEFHRNEERKE, REFHBRKNEETSE;

3. BERATEEETHPYRNAMEESR, REXAETHE EEL.
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(2) UAV 815 iE % LA e AE 55 vt B E B AT

B AERITES LR, SHLBHRIREEZMES AN EELERY
B, — RS TESHUESEERS: B—HHEhTFESFEHRSEEH
FERERELEETELNNE, SELRE—HEATHEERERELE,
RIE RbER P AR R A £ 0 F N B8 1 PR AR AE R W R R AR K, MR
ERMRN, BEREEELT—SASENAERAERETER, TEDRR
HEEESHNLE,

UEEESRAWEN, XERAEIEEEELRHRIEENEE: OF
SFHEEN, OFBRAMRIBIERIENES.

FXUTEE:

o P {EFilithEN

o £ EHMAHRS I BIERESNTREE

o I AUEBAHRERIERISFMBETEE

% i AN P, RETESHMESY, CRRBESNEEZABRERT
B—AME.

e (R A RS RS E R R ARG R
EREH— T . EaA I RAN EEGEE S 100%, BAEARR%
WL — RS R, B RSRIEEE MRS R BT S AR E— M
, fEHELHN EM. —BREAT, YESEARKTHRESENN, L EMHS
H8h, MR, MEESEHREREE, £ ESWRK. B 0T SHAER%
A RS NBIKTERE, WR E<Er, WARIEESBARAEHANRIK
S |

HTRAMBRAN, EEEE M THS:

o I, HEAHRSIMAEES%

O Loww EHAGRALHNEESER

o L. HHAKRANESEHESR

M LEAEL ISR, LU TREESEN:

D BIERBEEBR LA OIS BTLE,

® T ESEr KIS S 1 RIRL S RAT M 52 RAT S

TR i, 6 RRE R AR Z), AR5 BT AR T

— n—
— —

1. f (E;> Er, By < Er) then ( L= Lyax, L= Leurrent)

2. If (t;=4) and (E;> Er, E;> Ep) and (P> P;) then ( L~ Leurrent » L= Linax )
3. If (4> t;) and (E; > Er, E;> Ex) then ( L= Lourrent » L= L)

4. If (E;<Er,E;<Er)then (TOT Delay is requested )
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ERRFHERKEFRERT ¥R X

EHNEMNT, HEIT 10T BRIVES, 3T T0T [FEAI AL 2. 4.3 T
24 F S5 T 65 S IESE A B AR AT 5 B 1) P 58 4 e ) BRI R, T DA 44 455 0 B
EHERITHE BARRIR %, — B i, W3R B 0 B AR B TOT £7E ATO H 3
b AR — B B ]
(3) UAV B IR 5% B E SRR

EBEPHOERT, REHEERORTREE, RERFELILLEE
HMERE RS A ERRES . BLEm FHN:

1.f ( E>Er) then (L7Lyg)

2.If ( E<E;) then (UAV; returnto base)

35 BETHEMEBNAR B X FRBRTE

VR THEARRGE B EFRONE, HESHRBETEENEHH
BOUHAT T . ERX UAV BFEHN B EZFRMNKE, REHT BEELK
ZRRUTTEERARIF. A8 NSNS ENMIR, HRETRERREN
BESZAETE, FENUATEAHTERIFHR.

351 BEEEERBEMENME

EEPRI=NTESXE: BEATEE w. BERERBES TN FHRN
BHEl ¢ REH B EEHK LO4. REBRER THE—KRERTEENTHRN
B 8]

AR (3.2) AL EN  NZIERE R TR, 76« NI B RERIE R
THBHRKEN Wna:

W = TW, (3.3)

R, RBRBERICHRERER p, 77, EREARIERLHRNIERE wHY
B AT RE LB B AF 5 AR BRI B KME winex HILLAE, BP
w

p,=—2- (34)
w

max

ERFBUT B FF 4R BB RUAE A v B4R AE R TAE BRI ), BRI S5 RAE N B AT 1]
FRAEAN TR, TLHERERTREZED A ENMEL: “FER". R &
T R AtkBAMENNETEELE 34 B,

P RALES (A ¢ 1R KRB —BA RN, B RS M R A
B§PE . X BB EREY T. ZHERET, MOESE AL AN HEE,
BHZEHFRENRTUALX 2.1 HEEH AR,

Ryl



AP EPERAR KR LR AR
WETHRET n(n>0) KD CHLEM, BRIIRMBEA ¢, QIR E)E) S
T W1 RT3 R DL 18] A«

t= z":t,/n : 3.5)

=1

Yp=0/, t A L—BREEHERE. BERENNMEETT. T I3s T 1 <D
<T3<Ty), TLLBRIERFHRMNEEBASE=TEEENENETE, K
BIEA: “—8&7 “K7 “dK”.

REMBEEER LOA 34 FPAHTEN, ER—IHIENE, HTHE
BAE, MEREAFSEENATEZMESHENENETE, HEHRENR:
K. . B. ETRKAETX=TESZENTEE, ZROTERATR.

X 34 BEEERETE
EETE:. BEAIHFEE, w

BEHE s EaE RdEil)
“ FEHER” Vs [0, 0. 3]
“ R S [0.2,0. 4]
“ EHR” '} [0. 35, 0. 65]
“ L [0. 55, 0. 85]
“ FEE” VL [0.7,1]
EBEXE: REAFHRNME, ¢
BEHE 75 HEHE
“—mR” o [0, ]
“« K7 L [Ty, 7]
“ gr” VL (7, o]
BETE: REAESR, L0
EEHE 75 EEE
& L [1,5]
Gt M [3,61]
- H (5, 10]

& 3-3. B 3-4. B35 BT LREFHREMNEHE. HPEm 34+
EX 71=0.85,T>=1.55,T5=25,T4=2.55.

R



ER 2 AR RF TR LB L #4118

!.. !..
L L
/
B 3-3 B1F R TIFREME B 3-4 Btk 5 TR RS
= = 22
ol \
’N \ /
L
\
B 3-5 R4 B EEREME
3.5.2 BN A SRR H

XEAEWMAZTEN—NMaB R E. FEERRRR S EHNE ¥+
HER. TN TH—HIRETHBRAMAZTER MXN EF. B —1M8a
AZERESH, dHAZ—RANZEMESEH, TRFNXEIGHETEN
BEBEME. XFHRIGER N XEHEIZ (Fuzzy Associative Memory, FAM) B8,

RYE 342 WHEHMEN, BETREARSHZERSE B EFRHAHMN T LI A E
3-6 MEMRRR, HPFHM=5 V=3,

t

VLI L|L|{M|H|H
L{L I M|{M{M|H
ML {M|M|M|H

v$s § M L v ¥

B 3-6 BRI N FAM &R
RYEE 3-6 ATLABE I THR RS B EEZRHIMN:
If (workload is VS) and (reaction is M) then (LOA is Low)
If (workload is VS) and (reaction is L) then (LOA is Low)
If (workload is VS) and (reaction is VL) then (LOA is Low)
If (workload is S) and (reaction is M) then (LOA is Medium)
If (workload is S) and (reaction is L) then (LOA is Medium)
If (workload is S) and (reaction is VL) then (LOA is Low)
If (workload is M) and (reaction is M) then (LOA is Medium)
If (workload is M) and (reaction is L) then (LOA is Medium)
9. If (workload is M) and (reaction is VL) then (LOA is Medium)
10. If (workload is L) and (reaction is M) then (LOA is Medium)
11. If (workload is L) and (reaction is L) then (LOA is Medium)

® N AWM E WD =

25T



e R e e AT e e S VA

12. If (workload is L) and (reaction is VL) then (LOA is High)
13. If (workload is VL) and (reaction is M) then (LOA is High)
14. If (workload is VL) and (reaction is L) then (LOA is High)
15. If (workload is VL) and (reaction is VL) then (LOA is High)

3.5.3 #EEIE

Kk HE TR 35 A o B 3 FA 9 i B Mamdani 77¥ . Mamdani-style SRS 2
B BEHRATCY. MAZRAERL. HUVEE. BELI 4 H DA R B &8
WERL. HTRERS, MNENMPERAERENEA.

A 3C{#F T MATLAB Fuzzy Logic ToolBox S5 iR . ‘B R L T A FRAEH AN
MAFEKARMNRESENY, 85 ANMERNERES: EHERERSRES.
MlGEE. RERSRER. SHEEEERNREAEEER. XEIEEE
BRI EBRLEEBRBENES. B 3-7 HEHIER.

weorkioad (5 KM,

W
oY Ty 15nses SE
i A

H 3.7 EEIEE
FIF MATLAB Fuzzy Logic ToolBox I LASEBRZEARF#A T RIHEE, . =
p, =0.528, t =1.7#/, LOA=5; 24 p, =0.647 , t = 2.4 ¥}, LOA=8; %4 p, =0.197,

t=2.0%8f, LOA=3.

B 3-8 BtERLIER. FHRNEFELS LOA BIXFR

W



AR AR KRR SR

mLogic Toolbox 7] LA FRUIFE 3-8 FimHIER{E A TV &
W RNES B S LOA M=4X%. NILEPTLIB EMEE|: ERIEQRATIEEN
RN BN BAMRSEN B EEFRBK: AR, EREATERNTY
RNEERANBEMNREN B EEREBEH, X2FELFEFRA.

3.6 Mg

FEEANS SRS EERE, EEFARISISUHRESETFERRHFH
iR, MRAEEFEREXMALAETEENRRRITTHR. EEXTEE
MUBEZHRENBEFLRLZE, ERNBE A EELNBENTERITTH
Ao RS EMRM UAV HEERS, EHERRS B EFEMREREL S
AZANTEE, HENFIEPRAEIORUEETTHR, ESERFEFNE
THREMRSHAEERRXFTEHTTHR, RUTETEMEENBEEFLR
HETTiE.

BUH



EBREBARREH R AERT A FAR I

EME ZXANBEBISH RGN SRS G EEE
415|%

FERET-AETUFINSEANLESHSHFHHEER, ATHA
HARSEN L TAV G ERS REENEME. T R BRI RBR
ZEENHUBEBH RGN, BEMNTEEAMBBEIREHANZELR
th, FHEME, SINBHEGGEEIUNEN, BEXTEXANBEEHRA
MRS EGER, AR THEEEM S REBHENX N KR &5, /A MATLAB
4R SimEvent T RFASLHL T EHEE.

4.2 EEABEEFHNREANZ LR

Carl E. Nehme ZEABEARAMEFEMEARKEEN, HETEAREF
FEMANZ LRI T,

& FEHINGH

& oA B ESR

& E57E

& REATERNE

XA BHBE AT 2R ERRERHZAENFEHREAR, B
5R40%iEEMRX. UAIHHRAN, AS-MEEHELEWRAEEN
RBHNTEEREEN, AT BUME T HNNRABTEE. X35 Carl
E. Nehme 12 B4 H EX £ EANUR B ZEHREMANZERBIERIF .

4.2.1 UAV RBA&EEHS

EFREEANUEBHRAEWANTE BN, FEFBHN—NEZREME
& UAV BI%RRAEEH. BR UAV SAE AN — N XBERERRNKKRD. BHT
EAEREETHIRANBRERBELNTEAT &N HCES D2, BYIRTHRIR
BEd A& FNES NN EBES RRERERTESRB, #l0: Dixon IEF T
EEEM—LAFLRENHDT, ANMREATURIEH—EEAND. B
B 5—4E, Ruff ASSBiEl TAEHTA N, BERSEBMLERNRS,
BAERMTEABERRREANO, XREFENRZ BSWEENRSERERGRE
Toh&ER K, NTTSBREASHBRMBENINTR. 55, BEREEEXNRA
BERTRAEBHFENEEHITTHR. flW: ATEELBTMANRIERRE

F228W




. BRI EHRKERAERT LY
Bk 2 b RGN T S, Cummings # Guerlain {E 7 H¥EBIZ, AR
MRS TRENE TR, BIERTLESS 12 HeRY,

KRR B MRERISH S REANER L RTTH, BRAENHED
WHREELEN. FAMNXEHREES, BTFAGRR, BERNTHEERLH
# BHLEENRETI—ER . Elk, UAV SRAMANRIURET & X258
¥, MAS@®HERATERIEEE.

422 hEENEMBEER

AXEZEHREZEANBBESRENDEI LN B EELHT T EIH
R, REAFEH. FENIAN— MRS R B E (Neglect Time, NT), E# A
FHRAXANN B ERE. NT RIENFERBUFG, BEEHREBETERZN
T BR AT A A R

423 FEHE

ZEAAES SRR ETURE R : NTRENZMEFZMERIEAN, B
EHRBEEANEERBNMES . EFIEERE BRI, FEPAMNPHAHR
T

EEFRAHEEED, PRAMREHBENTEEFEARFE. AR
FEEHBERGNFEHENEFMLES, TAESRAEFIETESE5HAF
HA TP EMESERER. 4R ES S BT LIRS F R R AR KB M
TN T EANMREFHHRMAE S, BnT REmiaen. Rim, X
A& STREBBEE—ERkE FERFEZHNER. BAEIMH)RTAT
FEZAFEZ®RTE LIRS, URRRATHE. BEETFEZ R FRERE
#n, BEBERAIT —ANEEAME. XEFERENZERTFEROTFRE
.

424 BIERZEMR

- REWA=SABHN THREZTELZRMREE, BHTHANLEEBENAT
EXHEERNREERER, CEBRRERMMEEES THINEERERDN
.
4241 BITHHITRE

FEXHAT I BERHES MBRE REEN, TEERMTE: —RIERERR
o BT R, — RITERIE RN A FIR A S TUES TR AR,

B9



ERFRPERAR KSR AR B # A 3 _
Tl AR £ BiE 15 B TALE, XBFEF AR, BAREKNESERET
EREEAGTARNES, STLENERNERTERES, MHTLBER5
R4 b B IR AL B R R .

EETEMBEBHERES, BERAARLERRES, XEALHLETE
ERMER M REREE, XS R BN —A R —5 8 R B —ME
SHBITAEE, SITEETEDERIMIE IS RS (R IE R I
FIRMG R RS R, AXNETEANEBHRANREEERETXMHERE.

BIERTEMESEHSREANN, TEANEBLEENE, RETRMEE
HEFANBEM. ZAEME (Interaction Time, IT) AR REFHIER, BIERYL
54 E TR .

4242 X8 NERRR

— kiR, BITHRERTASREEFHEX, REAFTELMHERNE
BMARARIES, AEMSREERNERN. RIEARARSEFENNT
FEXEBERTENREERANEWH. EEXANMBESHRETRER—F
BOIRES: V)¥RIEEE.

LN BEHREFEESNEFN, —MREEM RSN FHRES BT,
Y ERRERITREBHEHEPHTERT —MREMRWEF. FHRSIF
Ew RSN E. LBERERARES RSB, SEEE—MATEERY)
B, WTHRTIBAM . EREINNESETIRE, THRAH—RBEXRH.

Tulga 1 Sheridan BF R T BAEEZER NSRRI, 3R RV KGR0
ETHR, BIREEENIEESNIRANREFMES, XEAELAFEILIA,
o pIAR. SREERA—HMEFA. EXHERT, MINFRTRIERR
EHER, 5 AERRNLREEETHR. LTRFHARTHHESRE: OF
BEASERS, XENEELSEERERSERELRERNES:; OFESE
ih5E, XBEERMELRERLERGEHRIFEIER NS . Tulga M Sheridan K
W, YBEALTENESHETRAEEESRAERS SHBMRIMERED,

4.2.4.3 SHBH

A PIREN TR AE— 5E B I 18] 725 (8] P X IR o ) B L AR RO O SRR AT . AR
BETTFAX Lo 43 OB B AR LA 10, R AN A ECEIE RE R T A REE 6
BIEE, BERSEBNARETREAFTRLERGBHBLIEFNGES,
SRBMBREE LM TREANITA, URRGERIERE.

BE RARBAGE N E W RERZIEHFHAEl. Cumming A1 Mitchell &7
HEERTHEEERELSTREOFHMABALTEFRES, EFELHETHR
1€ R /DB RERENRE T S BRI E AT 18] (Situation Awareness Wait Time, WTSA)

HFIOH




BT BRI RT3

1, WISA RAEERERRARHEFEH EMAEZ N MM %K. Cumming H
Mitchell i&35HH WTSA AIRERFEF & B AHIFFAE, MABE LD T HE
RN a5 En,

BHIRE, REATHBBARANBERAERNIEMBHREEETER
KEZ .

BEURMMBIARRTURLEIMTER: (1) BERTURELEN LRSS,
RATXFEERNEBEFMELE: (2) IT RERBEAMEANK EZEMRE
ZE; Q) REATHBAENNZEANBEEZHR N EZNREIEERE,

PERBANZEEENREN TRLSEAN KR EEHREHELURRE
Ef. A ANZEREURS ENTENNRMREETHiE, ABEWR 4-1,

x 41 BEATERUEMEZ ARANRITRR

B TR
UAV %iBA&5#y UAV ZRFARI K/
: HIE%%
EENR | BESR BB NT
£ 5y hR%%
X EBf[E] IT
BEATEMR SHEm
FEE N KR

R 4-1 PHIB LR ER UAV MER1E REARXHE T LU APRAH, WE 4-1 Fiw,
Btz Sh, ZHEEEEE T EMAGHRNFERHEM.

R  SS—
UAVIRRAALE (A8B) |

| H

: ] i

] ! ————

§ —HRpEREIeE i

' 1 e— BHRTY

, AR 1

feemme e —————— > ”” AHEARSS

| mmmmmmmmmm—aa——— '

) A e I e—

| _mmrAzt v St {

1 e mm i

Lecmcmmmme e mccacaas ' 1 A

R Y7037 TR

1
'

B 41 2EAMEELFHEEEHHERENRERR

B3]



MBTRIE HAK S BRI R X
4.3 ZENA B EH AR B BF I RER

EHEAGASERGANIAMRBENEE: 4. FAIEIE. FHRST
2. HEBAA,

431 B

EEEARGET, A=EKEH: (1) FEIEEMH; 2) BIERASIENE
f; (3) BFBEAHEUSIERNES. XEHFRIRTWE 4-2 Fir,

FH3 B
( shmen 23 ] \
/ T30 B ﬁﬁ

(€D

RIERSICHEH
C(AEH)

- )

4.3.1.1 FA5EMEH

BERMFFERZATSEN, EREESFERFIPESENEMF. — BT
A3RMABFHOE T TAVEERRNESR, SBERERAFEBGEI—F
HHRE. XE—ANYPENFEY, RIERFERZREMAERTTHEMIRHE
ERFEEHNAR. XRNERREEAREHEN, BhEmRENEITER,
BB R A AR,

4312 RERSIEMEH

BERSBNFHIBAIREMS AR NBIM, ERFTHRIERERHK
fomtE] S LR ERRIEE S, BMEPEREF-EFERFERERNRRNES
Ek. HTRERGMRE, REATRSILIMHMBTESR XNRSIHX
FEM4RE. fitn, 7 VAV B BRIHIDES, BERTUERR G BRLA
£ RREVIAIUE, LU R ELFH TOT R, BASF &R bERIERS]
EMEHEMTFEAREN S HRARK, EiERHRLBMEGRERN, T/E
FHR hHE R B D5,

B 42 H{pRR

32T



EOT R AR KPR E R AR 3T
4.3.1.3 IR EMEH
SHEXANRLGEN S, FESIROBHRITES, ROAAENAHENET]
2, MRERMSEREARIN. RFEAMNIMBEGD. HIEI KM X
BESEAHREZL, FEREAEAMEANBHZE. XEERLZEERT
AR, HENEANNESFRREDEHEN.

4.3.2 BHEEIE

S5 HHBRRANEFHEIETR, EXNEEAREEHRARERN, KFHEH
HFIKIT 2 RIRREEA: HSLMFIAERM. B 43 AZ XAV B BEEHRRNER
HEHEEE, ZRAGE—IMRESE KRERBRER). —MLHEETE. B
MARMAXEELE. EXNRETESEERENSTHREY, 8- XM
xR —A~EEREIELE.

Zseconds

BXMBALR
....... l (------_.‘-'

B 43 ZMHEHRIALE

B MFLETR
_—
-3 RIER ————
= ,
! '
X seconds ; i
: il
i p FI |
! (REBE) oo g i
: Z seconds ; R :
: XA E Y
| | BRSE P
i —
i
1
! (REHHE)
i
!
i
i

4.3.2.1 I RYBE

SHEREME B FIMES RERIMBOTIR, . R, BRBzi%E, &K
P SRAE R EELBRRXEHERMIN. flm: RSB XEa R,
CEBRERRELE DT E2EMXHREERS RN . XERNKBIEDE R
RAXESFHEFANZFEREER, TEEHEFARZEIEEARR,
Rk, XEE R FELRMRKB T AN EFNIERZ. MR- HEF
KIFIE 5 e ATF= £ F AR S RISLH, FIZAHIHE A R SEH Bk E A2 R % AL
MIEEEERERSEMN.

STFMMBRHRESRE, B XEIERE, X, Rl FHEIEZ [

HF33W



[E%%#?ﬁﬂikf‘%ﬁﬁﬁiﬁﬁﬂt%&%i
B (a0 BB T LA P L2 2 B B S o) R X (09 Fii o M TR m SR
EXNNES, SRR DA % -
HFEMMEEARR 1, 1< i < m, ESCEEMHTR X WEREFRS
f () Eor X FORE § JUAE BN RS 131 1
AR | R EA T

rdependent _ 1 LE[x]#0 4.1)
Elx;]

4.3.2.2 HRRYENETEE

HTEIEMREFEG—RERTRUKLEEHFAFRE, HRFHHBE
SRS ARMBAEHFNRSMAR. MXEAREUTHMER: OELZiTHR
SHBE—NFHRAMERNES, XRER-NIARFE—ITRRENE
f#; QUEMZAHRENEE N EHELERXEUNEH, ZRIEFHNMRR
UHEEFHREERAMRN. FEORXMBELNGT: RIERDITEANE
BlEE R, —BXE—NFHRE, BERLAELRFEZEN, ERMETK
B A Z R L AR ANE R KES, ERERT, ZRENFHRELRS
FEWZ B RAM RIR R E 4IRS TR ZREXE . FEQRHEILAIET:
SHP—BEASE—AFH R BEBRESEEHREERN B IREF
KRS RERZE, BRESREHENIIETESELZ N ERRREFNRS
X, WHERT, —EERRREANRSTERZE, BARES IR
K.

AT LA —A AR R HEA M4 R X B BIR S ERE. ARG
f, EHMEERERN. EEANZ, —MFHFRLEZHNIITREERE
BR%E, —EEHEEF—AMAREFLHRETHRZE, RALEBINETFET—
A AR SE lr

MOBEM: EXHERT, BAHNRXSELZARRSHRMEEGEMF
%, AT EHE—ANEMH. BHMRSTORHINS (B 4-3 PRELEK
RETFRLE). HP—MREFORFNEEXANBETRE R LHRER,
FHS—MREBREENN, REARN—ABEHHRFERIT I AEH
MR Z AR EMFGHTLE. Flm. —BTERFERERE, ETHT
—ANBRHRZE, EANTBESWER T~ BFF.

RAEEHENMEBOHNNESFHERIREEN, 2FBOXHNEREY
H: YFREATHEMHTFTERERAXENRESBEERNIIF. EFRET, =
— A EHRESHFRERSREN, REFFEFASRE, BAXRTRERET—
AEMS. —BEHEERZE EANFEAFEBNZEGXE, KRBELFH

334N



ERF I F AR K FH R AERT L F MRS
B BRSSP LA EURE SBHREE 2 HMILEZR Z, ERREN
HXEHTRZEE T MEREE BHBARIERNTFHEE, Bl ZRR
NTFEMEEEHLEAFEATEREATLMEE, ERIETRENEEREE.

MHOQOBEE: EXHEAT, FHNIEIESERZ RSN ARALENH
f (MREH HX. FERTEHINTEMNHRS, CEAIEENES. £
RAMIZE S, BHERZAMTIFEHRMIERFE. £2EAVREEHEHREG0
HEMP, HERXEEMREGHERESZEH, BRRMBIEEXEGEDTERRS
8. ATERBARMEREIATRE, SAEEEMREGHAE, BET it
REHMERYEE, HMRFHPNIESEFEEEN MR EFIRSERG EHE
FIEE, XBEATRMRBHE—BRMNEIZEIREF/FNT. AR EGH
RERBENN, HEREHEARE, REMEND p BER S0 LA TFRrib
RidfE. EXMABMEXREGIESERES, XEWTERTEMREHFMRE S
FREBE R A BIASRONFI RO AT ARG, XAIBEHIEE 2T &R, BHRREAE
Pl 5% 25 0 AR 25 B[] .

T LESTEEAEXER, FSHIEIRTUABEEERE f,(2)
fERFR, BERBIMRRTEELENRY. £EF n MFENEEARE
H, AHREIEI R LI A

XTEMNFEL 1<i <n BMAREH), 1<) < gi), P gO)RF
5¥ 8 i RROMEXEHROBE, EXMREERA 1, (2), HF Z, R0-F4F) R
FERITIREI T — M4 j BIIAFRBAFIRIST ) 61RG. HEMRHMRNEMHLE
w,H%%E@ﬁ%gqf»iﬂh@%ﬁ@ﬁ%ﬁk%%%%ﬁﬁ%ﬂ?#i

BEF BT BB (8] (a1 R o

4.3.2.3 EMMB)LTEE
EXREF-_HHRiTRE, SRBAOTERXW T REANTANRENER.
BAOBTRBMBE S S WMEFEE, XRABTARBRMENWRREMTEER
FREVEFTERERARLELME, NTSBRAEFHENEM. Cumming
Mitchel B 50 K IR B FH D ERR AL S SR F R & T RAESFH B KT
5, TEEDSTENMRMERBHEANKEED, AHAEEREFHEER G,
FEERBOSPRMES MR, X7 LUR B SETE E XK EETERLH.
AT RRGAOERBRMSBMERNE, FEEPRETRERRAZRAD
WTSA ZIEMXER, ZNMRRBEIEUATHEMXRRANEME. B PXRUSH
H] Yerkes-Dodson {2/ & #J U B! R E U ERE, Yerkes #1 Dodson & #1/ TEER BRI
SREMESINEE R R, R, Hebb T 1955 FEriE x84k R AL R M iR

$35 W



E B R AR K F TR AR L4718 3 )
BT AR, XA KRARY: AL SR AR S S U A8 1k B T Ae,
ERETREANEHRIEN, MEERHTREAFRTEHAIZNESTH
B AHNERPBERRBILAEXNIRR L, KPHINEERSABRERATA
x,

BEANFHRE XA BRERLEBEELSK SN E S SMHEMEMLE, 5B
TARRRABRBRMEEHAEEZ MK, DUETHHARBREASHRMENR
SN REY. REDTHSRE:

® 0 6313
® s  AHBEAMEESN
e v HBIEAFIAR

A A TEMERER E B XR:

p—oo M o-s

BIERPFARNSRRMEE N Z AKX RFEL LR

y:p—>Ss

Hip, #HPBRESHABENEHNNREANAARBELREXFy, B

WTSA(y(p)) MRIERFIFE p FIIRM WL KRR, W 4-4 For.

A

[
1
L
L
[
1]

$4

S\ H

0% Cp 100%
WIERKAEE (0)

A 4-4 #BERFIFERN WTSA ZEKIXF

ME 4-4 FETLLE 1, WTSA ZE#RiE R R AR LR AN R X, XEFEA
BEAFAREEEN, BENLEUETARRRATAERAONGER: S
ERFI AR ELREN, REATHRSZBAEFHEIMELE, FAHEEIBRKE
PAAE S . XRFER S B S BT 81k BRI A RER R KK WTSA.

ME 44 FETUEH: RNESRERFAETHFER WTSA KT y B
BRR, CHOMRANTE#R. TR, Svw EFHTROEBRME
HEIFEERI B/ WTSA; BATEEMPLRIP L Cp, ERT WTSA TER/M
BEANFAR, FEAETE, L B~ CoABERTE/D WTSA B EIF ARX
BHKE, MR =0, MAREE CrbEER/I WTSA, BLif7 kgt ALk

#36M

WTSA (7 (p))

®




R R BARKEFRERT S SRR
T: BIAER, S #n WTSA MIBE. EMEAHREELRT, 28ME R A
R 0% 100%HF, 7 BUE Sr.

FIF WTSA R ARIFI R AIERER, SROADBOMAN, HX
HAMASRT UMLK SRS ORE R AR 2 R 27 RS
RFR, BEAERZRZT REEANEY: ) SEEFIEAALMBENZE: b)h
FHAOB BB SBNET R KFFHLR AR A @.2)
X 4.3)FR:

z =z+y(p) 4.2)

=7 +y(p) “.3)
@2)THIB—MRFEE XN EEZ FL, ERAFHREERIT 4
BIASENFIRRE AR R, @.3)PHE TR U EXHENEEZ §
LI, BEHRT Mk E R AR S 5E R ZE B AR B4 BIE SR ALK
B )RR . AR EH AR RERIE ARSI ZEH, @.2)84.3)
FRE I y(p) KRR THTROEABRMIBMET . LRERLERENE
RRIBENRT, y(o) EER/ME, BBREASHBUEITREN, (o) RELE
KHIME.

4.3.3 BHEFIE

S5EMMEXMBRT FHIELRZIN, EEEHREHE. BIEALEES
RIRF R BE, ZZEAE U7 BREY B—/BEFIZRE, 7TLUR RS BT (8] #9434 ok
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