T hZ

{EE % ShiEE

16 S50 RCE
F AR B Zh1L 1304
¥ R ERTIREE

XA 2017F6 A 18




ML T A M A e

ET AN CEFENEERR

EHEL: HIEIE
BFHEIF: RTEHK

iz Tk KFEEIARFE

2017 ¥ 6 A



Dissertation Submitted to Zhejiang University of Technology
for the Degree of Bachelor

Algorithm Research Based on UAV Flight Control
Platform

Student: Shen Feifei

Adyvisor: Professor Zhao Yunbo

College of Information Engineering
Zhejiang University of Technology
June 2017



AAHE L BT RSP
(HEILENEF BB



ET AN CEFENEERR

m E

BEE R L ST @ KA R, TN EF & Oy 2w E i,
KRGS TIEANLBINFNIAN TSR AL IZET R =, AR R T AL R PR RIS
o A EEHITE AN AT C AR T AL — K # A, Hep i I AR E TN
HUE FHAT B RBER AR 2 FAfF5T N 52 7 BT T DR 1) 1)

R FRN B REET BN ISP EEIE AL, X T AN R 7 1H
ML 80 A*FERSEIN TE AHL AT BRAZ R, JF7E MATLAB b7 SE50
(07 FLEGE oSBT PUISAS [F) SRy 2 (RIPE Az R b P e 22 S DL R SRV AR B B AR ik
KRG BRI EE, DLARHELF I ROR . W EZE TR

I FR R E S LT AN RE N AMEUIR, /vdd 1 ABL AT
R 1 T SRR 7

2. MAENTHEGIEREAFH, IFRYEFIEN AR A MATLAB LT i &
B o B ARG N LR N T T AR R b B A7 AE i) 1) 8, 2 1 BSedk i o7
PRSI, ik 7 SR IO N AT BN R B AN T 18, JF R4 1A
S T IS H 77 7

3. EEXE A*EIE, RAEEIEMEEA I MATLAB FSuB0h BUIGHE, JRPE RS
BN T Oy BB, R R A AR B B B ok

4. LW AR R AR B A, IFXT P il ) CARE AT B4

KRR TANL, MUEHRI, N T#HIg, ARk



Algorithm Research Based on UAYV Flight Control
Platform

ABSTRACT

With the progress of science and technology and the development of market demand,
UAV from the initial military use has been extended to the commercial level. Everyone for
the UAV's awareness and demand are gradually improved. The future civilian UAV will
remain faster trends. How to control the UAV flight has become a hot spot in the study of
UAVs, in which the track planning technology as a UAV autonomous navigation of the key
technology is now the researchers need to study and solve the problem.

The research content of this paper is the algorithm research which is based on UAV
flight control platform, mainly for UAV flight planning aspects. The artificial potential field
method and A* algorithm are used to achieve the UAV flight path planning, and experiment
with the simulation in the MATLAB. By comparing the performance differences between the
different algorithms in the track planning, the existing algorithms can be improved to achieve
better control effect. The main work of the paper is as follows:

1. Summarize the research background and significance of the paper, as well as the
current situation of UAV research at home and abroad. Introduce the main technical problems
of UAV flight control.

2. Introduce the basic principle of artificial potential field method, and according to the
basic principle of the algorithm, it has been implemented on MATLAB for experimental
verification. Aiming at the problems existing in the planning of UAV trajectory, an improved
method is proposed to solve the problem that the algorithm can not adapt to the complicated
environment and fall into the local stagnation state. And how to select a parameter in the
algorithm is also solved.

3. According to the basic principle of the algorithm, the A* algorithm has achieved
simulation verification in MATLAB. And a pseudo-color map has been added to the
algorithm, so that the planning path can be dynamically displayed.

4. Compare the advantages and disadvantages of the two algorithms, and summarize the
work I've done.

Key Words: UAV, track planning, artificial potential field method, A* algorithm
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FUAEXT R A Z R0 ss, B ANUE N2 4, @5 T N S TR AR, I HARSR [A]
K, FHE, GRBRE AN LBEE S MRS AT VA AT G 8 5 S PE AT 5

TN T 9EE, S AR 7 5 S —4 AL, 20 tHed 70 FEARLR, H
R JEFNRL A3 BT 2 B, Rl 2 LIRS AR SR i i B ANLR I 1 i 20
RERIER S, I T BRI B RE, (A8 1 5% E 6 AN AR I AL 3 T TR A
R, BB AN AR T EES, FEATESNE, ERFPEEEI, 2K
RIEEZMIER, KK T8 AU RAT B . T AW RS R RE ) T #EHL—
T NS —— VKA Bes To A MU S /4T — Al T8 AHL—J8 AAE IR LI % R T
2, FAfdr el R ARl R/ A/ DTS TR/ R R SR B ER /T — R ER RE AL
TNAEERKHIEY. BEERHL D 515 /R, TE AR S A& R T
75T, TRAE R HA TIR KRR, I ANA G I H &3 TR .
b, {32 A mid TR Sk T AWLIEAT 25 T8, 0 AR 9 HE IR DX EAT e LA B
T3 T 9 X s AT ETC AR BRI 1B O N, IS AT s LRI B A de s[RI E A
AT FH 508 R AT [ 2 a8 0 5 SIZ B A% [ e 41 5 20 P e T, R 7 M s M A 1 AR A
DR A U B b [ WSO A% B (R T, SRR AT A LR BR AR, X AR 1% R Y SRS
M LARRCR, e d 7 ANk d 2 iy (R e b 55 5

TN L R EER ThEE T 2 [ e IE AL $hE ATE . DB, IRETA
Blo ANTRIZEZY A& 1) T8 AN LZEAE it R HR AR AR 26 AR R AT 55, T AS AR e AL 18] &
AT BB 22 S AR KR, AT 58 i TE AL T (¥ B IR 42 8 AR T A e 77, S 3l
VIR KA RO A e 2 B PR, TR TE AHLR G T2 — U

12 T ANERSMAZINR

1.2.1 BT ANARIIK
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B EOH T UH SR b R0 2 AL RPN 0 51 O HE x BT y Al B AR RN

algorithm_Repulsion(X,Xsum,m,angle_re,n,Po) &% : 5k 1R, NS %007
TR G AR fARRR, FEESPDAARR, SR REL x o BANF 007 [ TR A
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LA SRR = TE AL AR G B FE BAT TE AW FE AT SEIL A H AR o
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PR 1: NITBHEEERIERF

clear;

Xo=[0 0] ;i mihrE

Xsum=[10 10;1 1.6;3.1 2;4 4.5;3 6;6 2;5.4 6;7 3.6;8 8.31; 2 Hn iGN
(A"

k=9; %51 JJHh i R AL

m=10; %5 JJH 75 R AL

Po=2.5; S [RiG 4500 PE 25

n=8; s[FEAGH) %L

1=0.2; 34K

K=0; Stk I ANLENE H bR s i (0 M s 4%
J=200; STHAIREL

Xj=Xo; $HIIEAL, B AN LE FALFRIRES X5

for j=1:J3%EMEHI U

Point (J,1)=Xj (1) ;

Point (3, 2)=Xj (2) ; $Point HTIRAFTC AN KL IR s (1A HR o
S THR AR R

Angle=algorithm angle (Xj,Xsum,n) ; $Angle ;& iT5 HORITE AN H Az A LLETEAN
HUMIBERG ) 2 18] 5 X b 0 R A
SRS 1%

angle at=Angle (1) ; $ T AN HAR 2 B R, HAR B AL 451 )

[Fatx,Fatyl=algorithm Attraction(Xj,Xsum,k,angle at);%Fatx,Faty &45l/]
£ x, y M5 A B 75
ST TR 1R

for i=1l:n

angle re(i)=Angle (i+1) ; s TL AWINIBERSY 1A L, BEASPN TC AWL A v /)

end

[Frex,Frey]=algorithm Repulsion (Xj,Xsum,m,angle re,n,Po);%Frex, Frey /&
JFFIAE =, y AT A B0
STHEA AT 1)

Forcexj=Fatx+Frex; $x Jiln & /)

Forceyj=Faty+Frey; sy Ji &)
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composition_angle(j):atan(Forceyj/Forcexj);%f?jjijx§$77WHW9€ﬁﬂﬂE§
STHET AL T — B AL E
if Forceyj < 0 && Forcexj <0
Xnext (1)=Xj (1) -1*cos (composition angle(Jj)):
Xnext (2)=Xj (2)-1*sin(composition_angle(j));
elseif Forceyj < 0 && Forcexj >0
Xnext (1)=Xj (1) -1*cos (composition_angle(j));
Xnext (2)=Xj (2)+1l*sin(composition_angle(j));
elseif Forceyj > 0 && Forcex]j <0
Xnext (1)=Xj (1) +1l*cos (composition angle(Jj)):
Xnext (2)=Xj (2)-1*sin(composition_angle(j));
else
Xnext (1)=Xj (1) +1*cos (composition_angle(j));
Xnext (2)=Xj (2)+1l*sin(composition_angle(j));
end
STRAF AN R — ML E
Xj=Xnext;
if ((X3(1)-Xsum(1l,1))>0)&&((Xj(2)-Xsum(1l,2))>0)
K=3 ; SE TR UK
break;
end
ends KA E R
K=3;
S IR R, H bR, BEEG) 0 A DL R & fi AL &
X=Point (:,1);
Y=Point(:,2);
x=[1 3.1 4 3 6 5.4 7 8];
y=[1.6 2 4.5 6 2 6 3.6 8.3];
figure;plot(x,y,'o',Xsum(1l,1),Xsum(1,2),'v',0,0, 'ms',X,Y,"'.xv");

FARET AR A LA R R
ST A L R AL
function All angle=algorithm angle (X, Xsum, n) $HIA S E5 58 400 05 AL kS, Hiox
FIBERF VAR, BRASP) A4
for i=l:n+1
Xx (1)=Xsum(i,1)-X(1);
Yy (i)=Xsum(i,2)-X(2);
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D(i)=sqrt (Xx (i) "2+Yy (i) "2);
if Xx(1)>0
Angle=asin(Yy (i) /D (1)) ;
else
Angle=pi-asin(Yy (i) /D(1));
end
if i==
angle=Angle;
else
angle=pi+Angle;
end
All_angle (i) =angle; ${ETANLE H bR sNFEEGYIH) i B ORFAE Angle [H) & HLH
end

end

STHRE G 1R %
function [Fatx,Faty]=algorithm Attraction (X,Xsum,k,Attract angle)
Rat=(X(1l)-Xsum(1l,1)) "2+ (X(2)-Xsum(1,2))"2;
rat=sqrt (Rat) ; $HiZE S A H AR S S
Fatx=k*rat*cos (Attract angle);
Faty=k*rat*sin (Attract angle);

end

ST T IR
function [Frex,Frey]=algorithm Repulsion (X, Xsum,m,angle re,n, Po)
for i=l:n
Rre(i)=(X(1l)-Xsum(i+1l,1)) "2+ (X(2)-Xsum(i+1l,2))"2;
rre (i) =sqrt (Rre (1)) ; S OB 1A
if rre (i) >Po% I RBEAFYINIATE £ BE RS K T FEAGYISZ 42 po, W1 0
Fx(1)=0;
Fy(1)=0;
else
F(i)=m* (1/rre(i)-1/Po)*1/ (rre (i) "2); il 5 ¥ /I R/
Fx (i)=F (i) *cos (angle re(i));%/¥ JIft x Jrn B0 &
Fy(i)=F (i) *sin(angle re(i)); $JF¥Jift y Iy EH&
end

end
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Frex=sum (Fx) ; s NJF 10 &
Frey=sum(Fy) ;

end

B J5 B SRR -
clear;
Xo=[0 0];%#eihmfr &
Xsum=[10 10;1 1.6;3.1 2;4 4.5;3 6;6 2;5.4 6;7 3.6;8 8.3]1; H MBS
(VAL
=9; %51 S i R AL
m=10; %% /)3 a5 REL
Po=2.5; $[EHG Y5200 Ph B
n=8; s[4
1=0.2; 3K
; SICR I ANLENE H b5 s & i ML S %
J=200; $TEHREL
Xj=Xo; $WIEhak, HIC AHLIIRELE RARPRIRES X3
a=1.5;
for j=1:J%EMEHIFLA
Point (j,1)=xj (1) ;
Point (j,2)=X]j (2) ; $Point HTIRA T AN I BRI AL R
S THR AR R A
Angle=algorithm angle (Xj,Xsum,n);%Angle & iH5H HRETC AN H bR BLATE A
UM RGP 6] 5 X Fl i) % £
SRS 1
angle at=Angle (1) ; s T ANUAIH bR Z B, B AN A5 7,
[Fatx,Faty]=algorithm Attraction (Xj,Xsum,k,Attract angle);S%Fatx,Faty
e G| JIAE x, y PIANTJT IR L 0
ST THR 1R
for i=1l:n
angle re (i)=Angle (i+1); s TC AHUMIBERFY)Z (B I ML, FEEGHI0 TC ABL™AE k70
end
[Frex, Frey]l=algorithm Repulsion (Xj,Xsum,m,angle re,n,Po); %Frex,Frey
e SFIAE x, y PIANTJT IR L0
STHEA I RITT 1)
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Forcexj=Fatx+Frex; x J [ /]

Forceyj=Faty+Frey; sy /&)

if (Forcexj==0) && (Forceyj==0)
Forcexj=a*Fatx+Frex; $x FIREE 7
Forceyj=a*Faty+Frey; sy JIAE& 1)

end

composition angle (j)=atan (Forceyj/Forcex]j) ;sH /15 x HiJy A ff n) &
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PSR 2: A¥EEFERF

clear;
n=20; sHHE LI RN 20+ 20
obstacle=0.45; % FRAFILEREA M BT o A EE A5
SHIAA AL S
[view, startpoint,goalpoint,cost,direction]=initialization (n,obstacle);
S WGtk open F A1 Close T & HAMY
Open=[startpoint]; Open cost=[0]; Open heuristic=[Inf];
Close=[]; Close cost=[];
move direction={'R','L','D','U"};
S IRERIREA LR, MR HIE K
count=1;
& QUL A5 RE BE TS E M Hh b PRI Y B i
View=create Figure (view,cost,startpoint,goalpoint);
while ~max (ismember (Open, goalpoint)) &&~isempty (Open) %34 Open FANTHA L
B s R IS fie
[t,i] = min(Open cost+Open heuristic); %M Open FKHIEFAM E/DMA €, 1 42
H R Fr
S THSRARH T e 2
[costs,heuristics,points] =
find Value (Open (i) ,Open cost (i), view,goalpoint, 'euclidean');
Close=[Close;Open (i) ]; ¥ t {fiN\ Close £
Close cost=[Close cost;Open cost (i)1; ¥ t FIMAHIFA Close cost
s BT Open 3, 7 N =FhiE L
if (i>lss&i<length (Open)) %t 7E Open FMIHE], MR t
Open=[Open(l:i-1);0pen(i+l:end)];
Open cost=[Open cost(l:1i-1);0pen cost(i+l:end)];
Open heuristic=[Open heuristic(l:i-1);0Open heuristic(i+l:end)];
elseif (i==1) 3t /& Open KIE—AIuEk, Mkt
Open=0Open (2:end) ;
Open cost=0Open cost(2:end);
Open heuristic=Open heuristic(2:end);

else St & Open KWEE— 1ok, Mk

34



AL T KA AR T 183

Open=0Open (l:end-1) ;
Open cost=Open cost(l:end-1);
Open heuristic=Open heuristic(l:end-1);
end
for j=1:length (points) SXITH FERIVUA Ty A i AL bR
if ~isinf(costs(3)) SURILAAISERMUN AN Inf, haE A B RERY
if ~max ([Close;Open]==points (j)) SUWIH I EATLE Open FAl Close F i
direction (points (j))=move direction(j); S b AU [R) A7 AR B
#l direction
cost (points(3))=costs (3); SRFEFRCMMEAFAR R cost H
Open=[Open;points (j)]; #HILAINA Open &
Open_cost=[Open costjcosts (j)]; %41 Open &L

Open heuristic=[Open heuristic;heuristics(3)]; %5 Open %

fliTH A
elseif max (Open==points(j)) SUWIHRIH /L Open FKH
I=find (Open==points (j)); I L{E Open FH L7 E
if Open_cost (I)>costs (j) $UIRAE Open &I A HISEFR AT ELILAE fir
(SLIPN
cost (Open (I))=costs (3); ¥ LTI AFEN cost H
Open_cost (I)=costs (j); %HH open LU SALH
Open heuristic(I)=heuristics(j); %% H Open LA 1148
i
direction (Open (I))=move direction (j); %HHILA1Ir
end
else SWURMLFAE Close £, YHCAY LA
I=find(Close==points (j)); I NLE Close KT E
if Close_cost (I)>costs(j) SWIRAE Close KR SEFRAUH ELILLE
HIESEIIPN
cost (Close (I))=costs (§); =¥ HATHUIFEN cost 1
Close cost (I)=costs(3); $¥H Close KIS
direction(Close(I))=move direction(3); &HFII A5 )
end
end
end
end
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if isempty (Open)
break;
end %3 OPEN N7, FRIA AHCEAE R
set (View, 'Chata', [cost cost(:,end); cost(end,:) cost(end,end)]);
set (gca, 'CLim', [0 1l.l*max (cost (find(cost<Inf)))]);
drawnow;
end
S AR A
if max (ismember (Open, goalpoint)) <44k 2|H bx il
disp('Solution found!"');
L=find Way (goalpoint,direction);
plot(L(:,2)+0.5,L(:,1)+0.5,"'Color',0.2*0ones (3,1), "Linewidth',4);
drawnow;
elseif isempty (Open)
disp('No Solution!');

end

TR R LA R B
SHTAE AL R EL
function [view, startpoint, goalpoint, cost, direction] =
initialization (n,obstacle)
SHIAE AL F ARG
view=ones (n,n);
view(ceil (n"2.*rand (floor (n*n*obstacle),1l)))=Inf;
ARV NER AT Y DA |
startpoint=sub2ind([n,n],10,18); SITHIAANRFEH AL AL R
goalpoint=sub2ind([n,n],9,4);
KRR BB Y 0, DL SO BRAG)

view (startpoint)=0;

o°

o©°

view (goalpoint)=0;
cost FRAFE B 53 SEFRARHY
cost=NaN*ones (n,n) ;
cost (startpoint)=0; B SISEFRAT N 0
A n*n BFERE,  FORAFAE A s S 57 1)
direction=cell(n,n);
ELE S E s, BAr i E ARG

direction{startpoint}='S";

oo

o©°

o©°
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direction{goalpoint}="'G"';
S FEAFHI IR T 1 BN 0
direction (view==Inf)={0};

end

& O AL I B 2
function View=create Figure (view,cost,startpoint,goalpoint)
if isempty(gcbf) Sgcbf & 4ufiR [H G I, Wi
window=figure ('Position', [450 150 500 5001); SEIZEHE I E, L7 ik
R THERE /L R M 450, NIAEEEA T 150, FEE 500, &E 500

X_Y=axes ('Position', [0.01 0.01 0.98 0.98]); sOl& %

else

s R AATEGIFES
gct;
cla;

end

n=length (view) ;
s WERGYRROKXE, HRHeaan, o 2%e
view (view < Inf)=0;
sl R L ]
pcolor ([1l:n+1],[1l:n+1], [viewview(:,end); view(end, :) view(end,end)]);
map=flipud (colormap ('jet')); %flipud HTEMHIE colormap /&= jet MY
MR, Yo I B2t
SRR TP — R A N A, R Re — MBSy R G
map (1, :)=zeros(3,1);
map (end, :)=ones (3,1);
& MR
colormap (flipud (map)) ;
hold on;
View=pcolor (l:n+1,1l:n+1, [cost cost(:,end); cost(end, :)
cost (end,end)]);
$ind2sub SRR LAEARIREE AT S AR, R [BI4T N5 (17 B
[starty,startx]=ind2sub([n,n],startpoint);
[goaly,goalx]=ind2sub([n,n],goalpoint) ;
SR SUEPSY ISR AP~

plot (startx+0.5,starty+0.5, 'go', '"MarkerSize',10, 'LineWidth',6); %'go'#lg
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FIN green, o £~ Circle ([ATE)
plot (goalx+0.5,goaly+0.5, 'ys', 'MarkerSize',10, 'LineWidth',6); 2/10.5
SN TR R T R, tys'H vy RIR yellow, s ®IR Square (J7F)

end

STHREA T %
function [costs,heuristics,points] =
find Value (point, costpoint,view,goalpoint, method)

n=length (view) ;
s BERMER G NATIE
[current (1) current(2)]=ind2sub([n nl,point); IR AT IIAEPR,
current (1) ZFAFR, current (2) AT
[goal (1) goal (2)]=ind2sub ([n n],goalpoint); 3G HbxAKALKR
FF ISR AN A7 B f by

costs=Inf*ones(4,1);

o©°

heuristics=Inf*ones(4,1);
p=ones (4,2);
WRATPAFZE B W, A4 MNG LS

newx=current (2)-1;

oo

newy=current (1) ;

if newx>0 SUWIRBAFIALF
p(l,:)=[newy newx]; $IFFHHILAPR
switch lower (method)

case 'euclidean' $KKJLEASIEE

heuristics (1)=abs (goal (2) -newx) +abs (goal (1) —newy) ; %heuristics (1) A1l
Bt B ER S A
end
costs (1) =costpoint+view (newy,newx); Scosts (1) NZlib s sy sEprft
end
s WA LU AW, AN LFE )
newx=current (2)+1;
newy=current (1) ;
if newx<=n
p(2,:)=[newy newx];

switch lower (method)
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case 'euclidean'

heuristics (2)=abs (goal (2) -newx) +abs (goal (1) -newy) ;
end

costs (2)=costpoint+view (newy, newx) ;
end

& WRELAE B, AN N iarEs)
newx=current (2) ;
newy=current (1)-1;
if newy>0
p(3,:)=[newy newx];

switch lower (method)

case 'euclidean'

heuristics (3)=abs (goal (2) -newx) +abs (goal (1) -newy) ;
end

costs (3)=costpoint+view (newy, newx) ;
end

S AR FLAE N AW, AR i)
newx=current (2) ;
newy=current (1) +1;
if newy<=n

p(4,:)=[newy newx];
switch lower (method)

case 'euclidean'

heuristics (4)=abs (goal (2) -newx) +abs (goal (1) -newy) ;
end

costs (4)=costpoint+view (newy, newx) ;
end

& KT AR B B2 R 5

points=sub2ind([n nl,p(:,1),p(:,2)); %points AY REMPUAT7IA EHALPR
end

1] H PR A PR

function L=find Way (goalpoint,direction) S NER =X A= =R A
n=length (direction) ;
point=goalpoint;

s REMER G R AT

[Ly,Lx]=ind2sub([n,n],point) ;
s fAEWIIR A E
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L=[Ly Lx];
s HRATRIGAE Ik
while ~strcmp (direction{point},'S") &R S AL s i
switch direction{point}
case 'L' SWIHIRTFZAIRIE 57 170 4 2 1)
Ix = Lx - 1;
case 'R'
ILx = Lx + 1;
case 'U'
Ly = Ly - 1;
case 'D'
Ly = Ly + 1;
end
L=[L; Ly Lx];
& BT IO E R
point=sub2ind([n n],Ly,Lx);
end

end
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B

KA DY EE AR 2 3] A6 RIDRE R, 23K ST 1A) 380 M — AP fek I i 1) vy o AR B o —
ANAE B HUE N AL 2, B & A R XER B B A, X T 1A IR R S R D,
TR AEAE I 2 R AT (I, BE— e ARIX LERRAG . 21X B AL X Tl
i B I 3 ) 2 IR 7] 2 3R R TR PR SR

B5E, FER R A B Tl K2, et 1 R i G ik s =
ZTIRIAT ], KIEREATHAE.

HR, BN IR = . RZIMAESE™E, TR, fFA
ANE R 2R, AR RE T, BZIMS T T RRZ @R tEREL, Do
PSR T W SCRIBE T T A1, W T E I LA R S It 7 AR . fEikdley, REH
—IRARBZIMRIE R IR 2, WA BZIMIE T, IITENA] 58 LT A &
EEMV IR SCH S

PR, REFG IR B KO IR B . AR T AR T, 2 Kes T T IRAR
ZESIEY ERARXZV MG EAE TIRZ S, JIA A AERIT 515
FEAK IR, AR REARI Lo i R BT . AL, IR KRS IR IR I U R

A, MR ACEE, RN TREAMN S, ZURITHERSAE A AT
oL T4 T RIEMEEIIER, IERAEEB L LR E D, W14 7Bk L
RISCHF, ARFRAENSAT AL 05 10 55 ORI A A R e . URATT R B IR SR N JE I, RATT A B8
JihE PR MIEh 77

REEMIXPYE, TALREMEE, WAALEEAEY, EERZAERAS 7
WEACHROE, RREE LIS V). ARKEAEZHNEESER, FEACHE
MG IR ARFFIZFOAS, FR N kAL !
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