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Hey o, R=EhiEE HEENIGEES & anprpd  Tracking Control) » (i Pl 24185 ¢ Peblissst

] LL RN - 2((3.4) K(3.5) Fy7 N H FREL SN 572 [5.6] : 4 4 =5
ﬁ ° EE'E'@BH%('“EI‘UN Coordlna‘te)§Uﬁ?ﬁ.‘§%@*¥ ulc = Kiz [(Koz + Kozi /s)(zmc - me ) - Wf] (310)
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AZ1 Bt s « SRS Zme
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Thetac = K, (u, —uy) (3.14)
Phic = K, (v, —V;) (3.15)

IERF Z1 fifyres FEFZE A S MRS m] DA% ~ DN A
B o [E] 14,15 RyBRARTRATZE R PR BT R - TR
T E R fE_E 7T XB #ififm 28 10m/s, BH[RIFFE
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ST
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Psic =atan2(Y, ,-Y;,X;,1,X,) (3.16)
v =K,(Hc—H,) (3.17)

& HLC=0 B {FER45 124 » HLC=50 B3 Quadrotor
a4 > 4732 50m FfT - & Quadrotor fE#E Way Point
— (&R EFEEER - UHRE] T EE LR (A0 17)Fr
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APsic =K, (H . —H,) (3.18)
Lim(APsic,+90°) (3.19)
Psic =atan2(Y,,-Y;X,,,;,X;) + APsic (3.20)
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v, =0.00 (3.21)
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Straight Line Equation described by points(Xi,Yi) and (Xi+1,Yi+1)
a(i+1)X-b(i+1)+c(i+1)=0

a(F1) = YR - Yi
biT) = Xi+T - X]
ofiFA) ==K YT + X

(X7, Y+

G¥D

L™
)f/
Airframe (XM, Y1)

LH= ~ afFEJXM - B YM + CUHT) JSqrp a(F 1)a(i+ 1)y 1) be 1) )

Confrof Punpose of Locus Tracking - min|LH|

& 16. Locus Tracking Concepts °
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.
Xi ., Way Point #i+1
(Xi+1,Yi+1)

> way Point #i+2
o, (Xi+2Yie2)
\

w

(f Way Point #i

(X1,Yi) Y

& 17. Way Point Flight Concepts -

3.1.7 5 [T I kT

BT HIVEECELE((3.16) & (3.17)) ~ ALhfE
PEH 2SRRI (R(3.10)~(3.13)) ~ il il
(X(3.14) ~(3.15)) » #ETTEEILELEEYTIR T (Way Point
Flight) (55558 - TR 2 ATl - BRISIBHME
HEAE SR 5 4008 18 P - FHIE 18 K3k 2 WAl : BHE
(255 [ 12 o] DS P e -

% 2. Way Point ##] -

Waypoint X(m) Y(m) |Z(m)
1 0 0 50
2 500 500 -5
3 1000 1] 30
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5 0 1] -5
] -500 300 50
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9 0 0 50
2000 -600 A ~
1000 -400 VAN I\
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Time(sec) Time(sec)
-60 -600
B AN VAN
— 40 — -200
£ £ 0
N 20 > 200\
WO N,
AV AV
0 600
0 500 1000 -1000 0 1000
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BEEEHT T (Way point Flight)J5 =47 (40118 19,20
FIFR) » fHE(Wingman) HIl— AT (0T 55
BESTE R BT - i -

(1) =A% (Captain)fef T
fet#%(Captain) DLER{CBEREET Y T(Way point
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(2) fEE 4% (Wingman) 77
Line)
Captain RIHF {2 & (Xm,Ym)EdFE =] (Heading)
Tk 53— {8 e (Wingman) B8 B 38 Ji 45 (40
22 PR 5 (R AT DURAE R TS (RS
#E(HLC>0) 8 /c 8 (HLC<O)RE HYRERE » AT LUR
BRI ARSI A EHY HLC (S

TiEHE4R(Wingman Tracking

Q)FERTRT T LR (Align Line)

535NLL Captain FYBIIFiL B Ay 0y, BEIE R 4G
A 90 JE o REER SN —RIFHRE AR AR (Align
Llne) 1’!573_&7% BRI (HLA>
0) JRATEEFEWE A0 ¢ & 5 b8 48 3 48 G
(HLA<0) TRATERFE R 5 ] DURF AR AR KRS
TOBCRNEIRTT > Diamond B2 Fref T4 (41l
20 Fr7R) ©

HEEE M & DL B (Wingman) S 17 4B B 4%
(Wingman Tracking Line)#f{ & A fg(HL)$276 5
DUSTRIRITEE LR (Align Line) 1 T4 HIfEIFR(HLA)
e S

4.2 EFRATE R AR RGT

RSB E GPS Hafias it mEs - 2
(i B BLIERE A | AR (R A E > T {#(Downlink)
FIMEERE S R 2 RS REIERn S EEZ &
PRELE T TERBORTT - B E RS S URET01% -
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Control Concepts
HL Tracking HLC
HLA >0 increasing Speed
HLA <0 decreasing Speed

Xmx=Xm+HLcos( ¥m+90°)
Ymx=Ym+HLsin(#m+90°)

Captal n
XmYm)

Xmx,Ymx)

D Ired

E 19. mERRITRESEE

Captain
Flight Locus

1 20. mEXTRITRIOMSERET

*> Xi

Captal

; - eagiin

! Desired Wingman ng
Position

Win
'Lfead, ng ana,,

4.2.1 ZORF T ROTI R AR Y
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"R | A 5 @
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=

2 TRAR RS

0: A%, > 0 5 ik

3 LEEENE
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WA 7= o
1 FEAEHS GEER) ER T E
2 TR 0: 1, >0 (&t
3 TR E(X,,Y,,2Z,)
5 TeZ88(0,0,p)
6 FRA% R FE(Vm)
7 GRS
4.2.3 B} A

BERL_E AR - AR

TR = &k

1 LA (E (FE) KTlESES Sy

2 R B Ha <
( XocYoc 1 Zoc )

3 | EHAE(Y,2)

4 RARLREIE R <
(¢c ’ 00 W )

RIBZERE(P,0,p)

R E A< (Vme)

R (Vm)

TS H (n)

© |00 ([ N[ | o

RIX IR (L)

10 #1 SR AL

11 #2 S AR A HE

N+9 | #n SRR
N+10 | &55HE

BRI BB _EEE SR R ST
RBOTTT - BRHEEIF AT

F=HnEE M (RE—EZF+—H) * 1-13

2

HOFBRT AT
HRETE
HNERTE
FHF Y|
R T
G -

- ERER R
5.0 FRATERTRAR ]
TRITEE{EHE] R - Captain fif [ RFT51HY Way Point
HELTRLT
Way Point | Position(Xp,Yp) | Description
Number
#0 (0,0) initial position
#1 (1000,1000)
#2 (2000, 0)
#3 (1000, -1000)
#4 (0,0)

5.1 —FEHERAT
5.1.1 = —FIHERAT

= M ¥ 4 i B Captain  A1(0,0),Wingmant#l
A2(0,50), Wingman#2 A3(0,-50); BH[E 0 [ ; =H%
fEifE 50m » =% HERIT4E R - A0E 21 J 22
Firo s PREHIEAR SRS R RAT © MR 4E/NE Ay ke
10 oK 5 FEIRRIR I Ao RS 100 oK 5 & 23 FsavsT
il PREEHAPE L (Transition Phase) 4 - = HEERTE
6] —FHERE - EEEHANS B (Transition Phase)lf: fhil;
FREAR PR LRIZUAIR » =H%(E 900 FIHREEFEE]
2 5 8 23b Ky =i —FRTE R R — AR
TZ45F -

5.1.2 ItE—FIHERAT

Ff W) 4a it B Captain A1(0,0),Wingman#1,3
(0,50),(0,100), Wingman#2,4 (0,-50),(0,-100); B&[=1 0
[ AR —FAHPRITAS SR ANE 24 K 25 Fiow s 1L
R 50m - fERR4E/ NE IR Ay 10 oK 5 RERRIOR
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EBfEfE Ay 100 oK TuBE(E 900 FIRF[EJIRFE]ZE |
26 Tt —FAHRRE RO IR TR T{E RS AR -

Fligh Loci of Three AirFrames'

1500
w;::#3
1000
S L'arg%o
acin m
500 ; 2 NSpacing( )
Initial 37 N
— (RO IEJB=|§§IJ§
£ 0 A R st MIRAD.ene
> A2 T
ESpacing(SOn)
-500 ’ Smaller
Spacing(10m)
-1000
WR#1
-1500 i
-500 0 500 1000 1500 2000 2500
X(m)
B 21 =t —FWHERAT
Transition Phase
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Enlarge Spacing for Executing Mission Transition Phase (WP#2)
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Design of Auto Regulation Controller for
UAVs Formation Flight

Tain-Sou Tsay”

Department of Aeronautical Engineering National Formosa University

Abstract

Two or more aircraft are dedicted or arranged in a certain formation. In formation flights, the specified
distance, spacing and altitude difference must be maintained between aircraft. The basic formations are wedges,
ladders, horizontal teams, and columns. These formations consist of stand-alone or sub-units that can increase or
decrease the spacing, distance, or dense formations of each aircraft. In addition, formation stunts can be
performed during flight performances. The central issue of formation flight is to maintain the prescribed
formation and give full play to the aircraft's performance. Wingman aircraft in the selection of flight status
should give the captain aircraft to correct the deviation of the room, Wingman aircraft to work closely with the
captain aircraft. During the flight, the captain aircraft can issue instructions according to actual needs to change
the formation scheme and the relative position of each aircraft. Formation flight requires high precision, strict
discipline and visual capability, and can be used for attack, bombing, reconnaissance, airdrops, search, cover,
defense, aerial photography, inspection, performance, military exercises, training, etc.

In this literature, the auto regulation controller technology of UAV’s formation flight is proposed. It
includes (1)formation methodology; (2)reformation methodology; (3)guidance and control laws design for UAV;
(4)6DOF simulation program; (5)Auto regulation controller develop for formation flight; (6)digital simulation

verification for formation flight. .

Keywords: UAV, UAVs formation flight, Auto Regulation Control.
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