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Abstract

Abstract: Man-machine coordinated flight path planning of UAV low-altitude penetration is a key
technology achieving manned and unmanned aerial vehicles cooperative combat. The algorithm of man-
machine coordinated intelligent flight path planning was proposed, combining artificial auxiliary decision
with novel intelligence algorithm, a chromosome integer code with changeable length based on angle was
used to represent flight path. Human’s wisdom and experience could make up for the lack of intelligence
algorithm. In the most dangerous environment, it made the best possible use of the human brain to guide
solution procedures of the flight path planning on pop-up threats. A lot of simulation studies show that
the on-line three-dimensional flight paths by this technical can meet the requirements of UAV low-altitude
penetration, efficient implementation of threat avoidance, terrain avoidance and terrain following. This
method has a certain practicality.
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Abstract: Man-machine coordinated flight path planning of UAV low-altitude penetration is a key
technology achieving manned and unmanned aerial vehicles cooperative combat. The algorithm of
man-machine coordinated intelligent flight path planning was proposed, combining artificial auxiliary
decision with novel intelligence algorithm, a chromosome integer code with changeable length based on
angle was used to represent flight path. Human’s wisdom and experience could make up for the lack of
intelligence algorithm. In the most dangerous environment, it made the best possible use of the human
brain to guide solution procedures of the flight path planning on pop-up threats. A lot of simulation
studies show that the on-line three-dimensional flight paths by this technical can meet the requirements of
UAV low-altitude penetration, efficient implementation of threat avoidance, terrain avoidance and terrain
following. This method has a certain practicality.

Keywords: pop-up threats; man-machine coordinated cooperation; low-altitude penetration; flight path
planning

5E AT NI KL IR SR AT ) )
R TAN ¢ ABUNS > \ j‘:\ M
AABHCCUR DAY fefeiisp gy 1 DARBE FIE, SRR T
ook vhar Skl AL = T T=n o
o MR, RIS, g 100 SR SR TR OAY SRR
LN AT IR WS s 27l
?yﬂi%%ﬁiﬂ{/ﬁﬂiﬁ%i%ﬁﬁiﬁ[mo DN F BE 7545 R PAT R RS WA TS
P A AL B I T PUTIT S, UAV ZAI
SH WA ATMS(L979-), B, BepimzE A, :, . g
u#um',jaﬁ%iﬁrnj(wﬁ/%Mmﬁ]?f%/%@w; po MIBERRIPI AR GE XA TR SR
bet ), &, T, WA, B, WL S - . s o R
s R s, TS BAERIE, BIMERANTER, AR
Wk HIW: 2014-01-24 B H Y. 2014-07-22 Fip uﬁﬁa, B, R STAL W 5 R BV UAV

FEETIH R AREFIEE T ETH (61305133);
P e 2R L 2 R L URHF 443 (20116102110026)

http: // www.china-simulation.com

*313 -

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 2, Art. 13

27 B 2 W
20154E2 A

R BT BRI B A, AHH A e Je HME BT AR
B SEIPERR, RINZIRAIEE . =R A
BEK, WRTEA, Pl sEmg 8 fesdsk
FAEAR HE TR ey R PR R U 3 S B FR 0 i, e
UE TR () B R R ] s 22, i A e —
NMBPEEERGE, BA NI, i, AN
LS8, BEN RO RIS AR BRI . PRI, AT
LR A RE R SE bR R PR, S5 SR
TR IR SR UAV H B TERE, St Il B as
(56, AR NGB SRS, $2H T AR
BB S, AR TR —ANME A 4
TR AR R, BT ST SRR 5 A
SRR, P R B M, 13
e AR TR (1) = i 5 B8 A R s SR
JUMEISEE MR BRI T ER B, 62 UAV IR 58
Breisk, B msEH .
1 AN [FIE Rz $E K] Sk

N 7 5 AT 328 0 ) 59 2 N Tt ) ke
SR KL P 8 R S g Bl oke, FR M RN IR
T2 SR AN RE S AL, B0 58 R B L
) UAV 53 5290 02 308 10 RSt 4T e s A
TR AL UAV (I8 5807 35K ) = 4 i -
1.1 NTHHBhoesk

MR, TEABURIE S LA A% S B
E45 55 BRAE M T 22 b0 AT , 3R s R 2
O3B, AFAEA BT ER o i A BRI AR T B Ay 2
VG AL IR, TV S I BRI A I 0 5% 2 o
PMAIVE SR, UAV 3753 H b5 13 R 5 AR S
HERE S N AL B EIE ABL, A ANLEA 453 4
PRAIE, Y UAV SR AT B 558
N, N BEBRBO 25 A 5 DR B AT DR
YesE, FE UAV SRR . OB, A T4
PR AL W 1 s, S BUF 2 R

1) UAV 7558 % P o 31 41

FOMRIATIALE 5 5 B2 3630 B N S by
ASH 5 VR B BEAT AL, R SR 22 0 e

EX e it
Journal of System Simulation

\ol. 27 No. 2
Feb., 2015

HEBEE FRINTE IS AR 2Rk, N SRt (14
RESL T LRIIE, ORUE UAV ZERERN . 112K
SR S RINOE R . TN A,
PRI (10 A I SR A LA A A e Rl FT e 1) 52 I 17
ARTIENEI S TR QAT ) SR DU S I 4800 £
JEUME S AERETAT R U KT T 32 N, AR HDM
RIWUE KR b2 AN TR E DR P,
M St e S 0y BOVH B SN ml AT I s =4 O
RIS WM w5 Y B AN, Fe O e e 4%
BkAT.

2) UAV {E 585 Jii il 22 ot v B Y

A BN SRR, AR HUIKRE P BOE A (12 %%
B TIAL PR R BR L, DAL 255 AR
PR, AR S MR POd e £, HIr,
IR BB R 2, 1 DL R s 2 B
P i Vi L0 OIS AR D R B BOR IR A I
mh NLBOE IR AT 28 1, NSO A RESE
REDHRIRER AT, A IAE UAV fE i 3 id g
By, IR R RER ., 2 A ATHOE k.

|UAVIZFRERIL (AT |

AV

I 7 5

AL
(N G

m

=N
E

ERIIA =Y g N E R
i okl 2l
N .
7 B L gﬁ%ﬁ

N Bk i
ST N2 TS

RN 36 3 g
BL A T R R
1.2 Bt e
B X UAV AR 25 58 B Al JE &) 1] 5t 1 s B, ik

TSR SR B, SISO RESNE, N
SRR AR I 5 A 22 ) v ) 224> Bt AU o

http: // www.china-simulation.com

https://dc-china-simulation.researchcommons.org/journal/vol27/iss2/13



Peng and Gao: Man-machine Coordinated Intelligent Flight Path Planning Algorith

527 %55 2
2015 4 2

—MRFSEA TR, TR L I BOE IR BT
MSTHEAN, 5 HHRANE R 7538 24 1R I ik
TR 22 0] 42 I — 7 I A% SR A8 e 1 Mo b g A
1A, RJGICARAE — i SRR B AU, X, TR
2 PR DL B AR, AT DU m ik R is
SR, T Hak B iR A 2 e Re . A T
SERE— DA RS, P m R R AR, 1R
R TR, SIN/INAESE B IE R B AEHLEE,
Horpdsg—ARAMARI 73 A T-2K, BRI e H i v
BRI A K — AR T AR A BT R,
FHAE BT B RhAE o LA SAN [F A 2 Rl 228 A
S, R B 38 B A8 RIS S 35 7= A — AR T
FRE, ] IR FH 2T R R AN AR B T R A R
R Z e, R R AR AMA, 51 SRR
Wi—HuE Ak, SEILAEAR A% W) AR AT RE 22 1R SR D
(SR R B =7 S E =S u ik 1 b,y I M

1) AT R BRI AE OB, e
AIAT 25 ) AR e ANWTLRREAA P(E)

2) Ry Pl K P(O) HATHARL ) A>3 Fol
BE PO ={R®, R, RO, P} FEATH
BEFA K AN, Ny digLk=min, sk OB

3) VFEAEARGE N L A UE E S TR
POG=12--n) H A & B & N &
EU=L2wqmj=LZ~gMo

4) NIRRT NAR S A A A

(1) BEEMAL T E RS

(2) TET PR P AR IS A ARG Y E R R (1) B4
RS, ddZar Mk g <k

(3) FIHHEIERE. A& AR FH T4 %
T VA5

FRRE N AR T S0 294, B REH
1, 135 P )i =12,,n);

(4) W FRREUN SR IE 5 KD IR(2)
A G AMARIE SR 3)= A 10 Py (1) Wk AR
HAE—H, BB —ANEA k+q MMERFT R T
OB BE AR & S AS R TR BE R P
Si(i=1,2,...,n; j=1,2,....k+q), #H4f Sy KX

FENS, 25 AHLW R et R 53

\Vol. 27 No. 2
Feb., 2015

P, FREBHE N £ (=120 [j=12-,k+0):
(5) KB IG ML £ XF 2 AARBEAT B 7 4
B, ACAZET Kk AR, BEIRT ()G =1,2,-+,n) 5
(6) /NEBEZLAAF R AN A N A S
1EZ5AE, MSET T s, 1 28 (5) b HEA)
HRTRT K ASAMALE BN — AR, T EIEE(2)
Fr R LS, R /N A B SN
5) 4% M — i 13T A4S S I AL e 1 FhORE P A
2T AR R+ =1,2,---,n).
6) ZIbHEA A AF I AN AL 2 b A
i, SR AT 2%, e P IR 3)s A2
2k A, WAL R, FREE .
1.3 FETILZHUHIR NS ST TT %

I FH 5 R AN A 2 TB] ARABARE %) L 2 o 5k
HEFPE 2 AN AN IE Y, A R I 1T
FEBAT R RERRAR , 48 5 (] 1) 22 AN [ e B 7
XA IT R, A AN B A 4552 — e LB H 1
AN, DI R T4 N AN AN IR R 1S i, BA4E
PRI Z e, O3 N ARSI ER ST

AN SCR ot g W B 2 5 G R A 22 )
TN R R B (RIS 72 )RS B 1 J7E, IEE s
Sh[i, j] vy ok

1k
s

/Tjs’

Cdhilio,  ahil<ondhi=o,
-4 fiilo, dhLiZo.00i<a,
shii,1=4 o fi,j*c.fij 1
SR TR 3T I DT DO
0,70,
0 4 i1 0, dfi i1 =0,

Ao dyfi, JlAA T R 2 i i ik W
d,[i, JIRAA T R ] Z &N S o, Mo,
Je NS AEAR, B2 50 O i RN IR g4 Dy
—ANNESEA AR KB

SRR MR P IR — Tl
JE&, B SONZAME SRR N B AR TR 3
TERBAEZ R, PR ] AR I
Sij?%ﬁ?:

http: // www.china-simulation.com
315

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 2, Art. 13

27 B 2 W
20154E2 A

Si,-=§Sh[i,J](j=1,2,-~-,k;i¢j) )

R R L SR N MNP S STl
OR35S PR T 0 L
f/=f,/S,(i=12,,nj=12, K)

2 KATHIZERIER R

U DS e H SR () 380S0 1R AT W28 1)
BerRkon, A Rede s se BRI . ASCRIH
P BRAR K E SE DR G o T RAT LI, Feadt pi )y
I ES | BB (X, Y5, Z;) WTRAUH (1, o5, 1)

®)

Pz BEAREACD 61 AR A o
2.1 il gmts

SR HIIX A 5 3R AT W i) 7 2 AR A
Sy 2 UAV H S PEREMIFLENTEZER, Aol
AELL AT AR [ 46, o #OZ UAV I RATHE
HlHE, FERF AU AL T W RS
AN, IRAFPITEER MR AT HERE . PR =4
S H (N, @i, ) 4 i i ik TR 4 — g 25 R 4
JRAR G (A, DS A B2 R RAT L ] — 4 K5
AN e S I O O N I N (| B
91920 0500 G0 Oy g AR 2% WATHILIZY
GO AR RER o, BEANIEDRIAT O I YE LA [O,
12702 1R, AN SRR B SR R A — A
A5 ) B AT BE AL (L = ALY, AT Az B2 fi
LS o, FURAOI A1 g, FR)ARAG TS LI AL A, 5 /AT
FLZE LA AR BRI N B, AR SE B 1Y) AT iz
TR, ANF AT AL, TR ORI G Ak
(RIBE LR ER (AL 0 n AR AR T AL 3 B e
2o, MU A R A KK /N B UAV 13
BORWE, ¢ <£70°, 4, < 30", L 10°5 M)
B, OEUAE 0 {0,£1,£2,+3} , o) MHUE A
{0,£1,42,---,£7}, u/» o] 535IH 3460, 4 67—
BERIROR, AR AL, 1A, “07AIE,
1[0, 127)Z )RR mT LU —A 7 A7 — il i
TR, UL O B RIR s @] AL, MR

EX e it
Journal of System Simulation

\ol. 27 No. 2
Feb., 2015

Tt wi s o AR NA S, WK 2 Pros.

............

0 Oia| Ui O| #B¥gmis

9

A 4
(e[ ]ofi]t]o] 7=
%{.—j %I_/
Hi Pi
%(_/
(2i,0)

Gt AL G b

K 2

Bl fur. 24 g; =118, B e e — Bk i g A R
‘1110110°, 4Mi#f5, g4 =111, @/ =0110, W44,
14,=-30°, @, =60°, FHi B KATAUE R F IR
30°, MEIFET 1) fhi 4 60°.

2.2 Reto ki

GO ARG S Br LR A i) — N B, B
A3 3] (1) G (AR PR 471 SR H %08 I 7 28 5 A T £
FHUEIAARR 2T E A ARAR I R o B O A A e
Iy R LA WL AT

1) B0 4k BB 95,05, 0
Ois s Qg 13 B0 N AH &I RTIZE B ARAR £ 0 D 7T
BT 1, 1y, s e e Py Py Py Py o

2) Hh BATR 5 R SRAG I s AR AR 2 1) o iR
B H B AR BR ZR T LA AR

i+1 i+1

X(i+1) = x(i) + Alxcos Y, %cos Y g,
= =1

i+1 i+1

y(i+1) = y(i)+ Alxcos Y s #sin Y o, 0<i<N-1 (4)
-1 1

i+1

2(i+1) = 2(i) + Alxsin D" u;

3 iEIE

FIFHHOIE R s, ARk 80X 80 km — 4
T, JLREME AL Br H (0 Ll VAL 2y, 5 A fioZe
RN ZE . 6 AT AR, 1 ANSER B
FREER/IN A 80, TR I KHEAL kAR 300,
R R IR AR IR 50.

W KEI, Gobsci B, 19280 E L
PPk REXTLLER 1o SR SOk R 48 e SR 8 81 4 )

http: // www.china-simulation.com

*316¢

https://dc-china-simulation.researchcommons.org/journal/vol27/iss2/13



Peng and Gao: Man-machine Coordinated Intelligent Flight Path Planning Algorith

27 55 2 Vol. 27 No. 2
20154E2 A 1M, &5 AHLE IR Re sk 5k Feb., 2015

SR FNRAAR BT 5 V- B SR ECA 43331 g 87 AR
F1 158 X, “PYIFERS 707 51.4 s F1 92.7 s, BRI
UK R R R SR NG B

Tl AR TE RS L

SR, S
e Wgéﬁ QEL T
AL L Tofik
;igiﬁﬁ 1136 912 AL AR
i‘éiiiﬁﬁ 725 556 BALAR
I

3.1 UAVZESR R B o= Y Bl A A e )

%] 3(a) A ERKINTE s fL R, B 6 N TARA
KAMRZE A O E Feor 6 AN EUUE 1 IS, P4
R A Y Ak £ Sz 5 K F AR A, MR o] LU
I S R B TR (KL | 1 4 R
T #A R I X, A M [ T By -
PEPETHLRITE | 64 KATAE, 24 UAV #5% Ti
BRI | FTHER— e B, TR 1 3
ASAMENE, RN 7 0T 5 R 1 7 55 (e
PO 2L (8 75 00 B 3 7% 5 R DU K 1 P Y ),
PTG | ARTT K, B TR | 17
TR, BRI, PN PR R 2 B AR S s v
e e B TR (A 48 2 (TR 1 1
UAV 4 A B 1 ) R 1 25 (43 BIE TR |
B 1 YRS R R e A ), SO
SRR AT, WS LA, BRI
T 4% KAT LR BENS B T SBE S R B SRS, T
LB AT BRI BEAT R SE bR R AR AT 25 5
S, WP T BEAT R T, Ak R
SEBE KATE . 01 R B, FLAHTZE 5
I 1) 3SR 20O B0 R, T AR BB RS
7 P A 8 B S0 B b o v T BRI, RE
UAV RERIN . A5 8. 18] 3(b) A R &
AT R T P AR oy S8 KATIZEAE AT THT P
(8, Z b karrE, AEhaTLUE H, ER

RATARE S L T T R AT T ERBE . (RIS ik
R ST AN B U oL i KA R A 4 A i AT £ ) PR
Bl 2 T UAV B & RATPEREMESKR, 4l UAV K
RPN AT RE .

$’fﬁ m

x10*
8

TIOREL) i 7/NE

1200
1000¢
800f

N 600¢
400\
2007

1200
1000f

~ 800f
6007,
400
200f

0 05 1015 20 25 3.0 35 4.0 45 50

X0y X104

(o) FE R fT e 51 1
K3 UAV 755K B 55 0 Bl A B iz k)

3.2 UAV FER K B 22 Yo B A A

%] 4(a) o eI LRI s RE P, [ B
SR BPEATFTRIITILEANE 3 23k — 2. 2 UAV
WA TORRINUIE | AL, AHL UAV #5858
P, M, RSN SRy, B RELTR
DA L IRRE e 1 E B R PR R R B e (3K B 2%, WE
AT ), AN IR SR 22 96 VP Al 2545 25 5T

http: // www.china-simulation.com

*317

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 2, Art. 13

527 5 2 RGN H A Vol. 27 No. 2

201542 A Journal of System Simulation Feb., 2015

JEUPPRESE, PREE S IE ARk e, i LLiZkR  BHSRENS SN RSO, TR UAV 513 R TR
E%?)%JLEHEEHJ}?EM«&I% AR RAE R — BBk RATRAE oK [ 4(b) B IR AT I T 14 1 4(c)
AT R, AT ROERRAE 2 (fE ERRNTIE = ZEE, PR a] DUSE 4 375 it
TSI 1551 LHE?&&@ZHNE%%B‘J!@), A IR IR R 6 S BT [BRENIHB T BREE , 6
IO Y SRt (R e R R R — B BORIR BT (T AL UAV IR SR 2R 1

PSR Y), MBI DL, P AR IR

o x10* Hfz: m

05 10 15 20 25 30 35 40 45 5())< 02
Ghoy W m

1000k ' = FERHE |

[IRN

0 0.5 1 15 2 25

dxoy

(o) 3% AT 4] T 1]

(c) MEiefiil =g ls
4 UAV 755 AL i 0 R A AR A2 AR A

4 LEip AT CATALE
A bS5 H il T E L 2) {5 ARG RIS R, B %

B AR ) R A S, e PER R B Sk F R AT U REBE 3 /2 UAV 1K
(i B A L R 2 i BT EK, HAT R ERAEER

1) N THRBIBSE, RAENBOX AN it ?ﬂ%%?gmﬁﬁﬁﬁﬂﬁ@%m%ﬁﬁ
GEAE S IR R R b 5 R I 1 7 TI% “’iwhwwaﬁxﬁ@b%ﬁ%ﬁﬂAﬁﬁ
SIS AR, RIS R 3R D) AR RESTIE r hn AR B

http: // www.china-simulation.com

*318

https://dc-china-simulation.researchcommons.org/journal/vol27/iss2/13



Peng and Gao: Man-machine Coordinated Intelligent Flight Path Planning Algorith

55 27 55 2 3 Vol. 27 No. 2

2015 4 2 A FEMG, & AHLERRIR SRR LR S0k Feb., 2015
2= b, A5 ANURITE AW LGn B R AE bR 2 — 4 Journal of Guidance, Control, and Dynamics

= ST _ RPN (S0731-5090), 2006, 29(2): 303-313.
F o T E , K I ] 1) 259 68 iy 15
Bt ATHOARRE, ALY R fe ik [6] Myung H, James K, Takeo K. Efficient Two-Phase 3D
o At i R P S P

PRI STIE AL A PS5 6 5%l 0 7 Motion Planning for Small Fixed Wing UAVs [C]// IEEE

VBERT| SH I SR AR SRR, TR ) = YR BE S International Conference on Robotics and Automation.

RS S M S LG T R Roma, ltaly. USA: IEEE, 2007: 1035-1041,

Jonh i e e e b b [71 Chingtham T S, Sahoo G, Ghose M K. An unmanned
JEERRE, i UAV IRZERPT SR, 2 AT A aerial vehicle as human-assistant robotics system [C]//
AR, ARG FRIHE N IEEE International Conference on Computational
72‘%1@% Intelligence and Computing Research, Coimbatore, India.

USA: IEEE, 2010: 1-6.
[1] Murray C C, Park W. Incorporating Human Factor [8] fTME, SRt ST AH / UAV GiBAB RS T o

Considerations in Unmanned Aerial Vehicle Routing [J]. TEHRRERTZE (0], KATJ92%, 2011, 29(3): 92-96.
IEEE Systems, Man, and Cybernetics Society 9] /T, et 3T DU AL = 4 € AT
(52168-2216), 2013, 43(4): 860-874. B P 5e T4, 2007, 28(11): 1340-1345.

[2] Savla K, Temple T, Frazzoli E. Human-in-the-loop [10] &ams, A, 4L, okl T HEaEm Ly
vehicle routing policies for dynamic environments [C]/ LR T RS [CI 27 i A
Proc. 47th IEEE Conf. Decision Control, Cancun, WO E, B dbse b St R k2 A
Mexico. USA: IEEE, 2008: 1145-1150. 2008: 94-97.

[3] Donald W. Manned/unmanned common architecture [LU] vhte, Byl TR, 36T /NS T L
program (MCAP): a review [C]// Proceedings of the VR BN A B R [ BLSH T A, 2005,
22nd Digital Avionics Systems Conference, Indianapolis, 206(15): 85-87, 90.

United States. USA: IEEE, 2003: 6.B.4/1-6. B.4/7. [12] 205, SRR, A7, . 3T Bol s i oA

[4] Valenti M, Schouwenaars T, Kuwata Y, et al. AT 22 = ke [3]. 76 Tk k222547, 2010,
Implementation of a manned vehicle-UAV mission system 28(3): 343-248.

[R]// AIAA-2004-5142, 2004. USA: AIAA, 2004. [13] KEM, 2049, Wihae. FI S Ol JEAT i A B sk

[5] Schouwenaars T, Valenti M, Feron E, et al. Linear TSI =42 4 i B[] B0 B 5 A , 2007,
programming  and language  processing for 37(11): 21-28.

human/unmanned aerial vehicle team missions [J].

(R4 AFR) REK“2014 ¥ BRELE R0 A FAHFHES

1 AR OGO W2 ph 55 AR 2% BRI IE A o i) v B 27 AR SR I By v i
O, LASEEZ AR ESE Web of Science KT 1.2 JTRFMATI NG SV, B RBFEIR AT T 2012 (i [E
FARWITIE PR IEFHRY (CAFICR F4RD, H—kgh i T FE 5600 R b/ 3e 2% AR MITLEHE S X
SEMADE L P A % T bR [UESRFR, IR T 0 B brsgmg ) 255 VRN SR FR LI TIHE Y, KA T
o 1] 5 L E PR S AR (HE TOP5%) i rp [ [ e s i S P75 2 ARIAFI” (HEFy TOP5-10%),
FEE W AMER T TR R 205, 2013 4EJRAEHR, ¥ 5 C Gl Iy e 1.44 J5 %%, Hl,
2014 fi[H Fr . B A FAR S TOP5%AI TOP5-10% 3 T1] gk Wb 58 i, (CRGTEZAR) H51I 2014 Hr[HE
ELE Brma S E AR 1751

FAFIIE L =R 5N TOP5%% | py — it 1) H B B Bl B s 0 g 2 AT, S 5, 8 N o — A
FRH A !

http: // www.china-simulation.com

*319.

Published by Journal of System Simulation, 2015



	Man-machine Coordinated Intelligent Flight Path Planning Algorithm
	Man-machine Coordinated Intelligent Flight Path Planning Algorithm
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/rpVXU8oxk2/tmp.1688110563.pdf.u94A9

