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2, FRREEK

o WHER: Windows 108X LA FERAN; MATLAB R2022b% L EhRA 1],
o BMHER: Zind/axsm1ia,

3.55583hht

FIEEER:
[Z22E B R]\RflySimAPIs\5.RflySimFlyCtrl\1.BasicExps\e10-FixedWingCtrl\code_8\e6-2

e B_spline/bspline_deboor.m : B#%kDe Booris X & AKX
B_spline/bspline_deboor_deriv.m : BiEZSEITE XL
B_spline/bspline_wdeboor.m : fN#B#%De Boor&E %
B_spline/bspline_wdeboor_deriv.m : II#XBiF £ SEHIE
B_spline/bspline_deriv.m : BEERSFE K
B_spline/Bspline_main.m : BHEZHEERTER
B_spline/design_spline.m : #£1&it5#BhER%k
B_spline/mySpline.m : BENXEEEREL
B_spline/polygon_ctrlPts.m : ZiafATHI = EM
B_spline/spline.m : WiEEHI ST S EENNBERIIZE
bezir/bezir_n.m: DI1ZE/RERLE A Y ERIEL
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B_spline/bspline_deboor.m
B_spline/bspline_deboor_deriv.m
B_spline/bspline_wdeboor.m
B_spline/bspline_wdeboor_deriv.m
B_spline/bspline_deriv.m
B_spline/Bspline_main.m
B_spline/design_spline.m
B_spline/mySpline.m
B_spline/polygon_ctrlPts.m
B_spline/spline.m
bezir/bezir_n.m

e bezir/generate_poly.m : =%l &1+ F13N T4 B 2

4. SLIGR BT R
4.1 FIE1: DIFT/RERLLEIIE

HNeT-2XXH¥, 51T "B_spline" XA "Bspline_main.m" X4, BJLISERMB-HEZH
MHERS4EE], SNEFR,;
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ke Fhi bt E] Byl T iafT
s EHE b C: b Users b 89256 » Desktop » ALY » code 8 » e7-2 ¢ B_spline
Evat=1 @ = sktoph ATEARD co
e | Bspline_main.m |+ |
) bspline_deboorm 1 clear
£ bspline_debaor derivm 2
£ bspline_deriv.m E p=[®,10,25,38,5@,99,105,150,180,200;
1) Bspline_main.m 4 @,22,26,12,46,31,15,10,37,50] ;
1] bspline_wdeboarm 5
7 bspline_ wdeboar_deriv.m © t=[2220@21234566666]";
1) design_spline.m [
) mySpline.m 8 % r=[®,30,5@,9@,125,150,180,200,260,270;
B colion:cribism 1; ﬁ @,3,3,0,-3,-3,0,3.5,2.8,0];
1 spline.m 11 5t=[0PEERL234566666]%;
12
13 m = size(t,2)-1;
14 n = size(F,2)-1;
15 p=m-n-1;
16
17
15 tq = linspace(t(p+l),t{m-p+l),100@); % just tq = linspace(@,1,1008) if normalized
139 % tq = .1111;
2e
21 ¥ = bspline_deboor(p,t,F,tq); % unueighted
22
23 d¥ = bspline_deboor_deriv(p,t,P,tq); % unweighted
24
25 flgure(l)
26 plot(¥(1,:),v(2,:),LineNidth=3,Color="k")
27 held on
28 for i = lintl
29 T plot(P(1,i),P(2,i),".", Harkersize’,40,Color="k");
se end
31 for i = 1:n
32 T plot([P(1,i),P(1,i+1)],[P(2,1),P(2,i+1)],Color="k");
33 end

LUK IS HIFTISRIZE 0 clamped B-1$5%, WS im=14, n=9, p=4, BTHREE
EFfRA p+tl =5, #E clamped B-H& &4,


bezir/generate_poly.m
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4.2 0182 : BIFEFIELE

EREHIRMTR, 2AREGRRENT RREN B-HFRHNTNEN, (5
MATLAB/Curve Fitting Toolbox 189 "spmak" R el LUREBIEEH AT RREE
R B-1E T, XE "spmak"RENBANTHREENTREE, B B-EFEREH
&, ZzE@IRE " Inder"SSIKRFINEE. B K EL "fnval"B] URIER N BYBY BT RIS B+
EZHIME, THMCIEIAIZEL, "knots"R AT RMEE, "ctripoints" FRRZEHI S

£, "pp" A B-HEEEZRE, "p". "dp" #"ddp" 93U A 4 AIB-1E T N EH SEENA
MSHTE, WXHF "spline.m"s

m length(knots)-1;

size(ctrlpoints,2)-1;

pp = m-n-1;

p = spmak(knots,ctrlpoints);

t = linspace(knots(pp+1),knots(m+1-pp),10000);
dp = fnder(p);

ddp = fnder(dp);

n

Xd = fnval(p, t);
xt = Xd(1,:);
yt = Xd(2,:);



WMAEBERFRR, JIRR clamped B-HZFHEMZ M, EXEFIREENTREE, L6
BEFREZEAY clamped B-1#£5%,

ctrlpoints=[0,6,4,-12,-6,10,30,26,36,32,0,6,4;
0,5,15,20,40,44,35,18,10,6,0,5,15];
knots [0123456789 10 11 12 13 14 15 16];
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#HNe7-2\B_splineX 3, #ZEIsplinemX, BIT1ZXH
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Bl LUAHI clamped B-1#55 4%
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g S 47 i 5l 1511
cpEHEa b Cob Users » 89256 » Desktop » AIEAR » code ® » e7-2 ¥ B_spline
ELede @
EFR -~ | spline.m
% bspline_deboorm 1
# bspline_ deboor deriv.m 2
#] bspline_deriv.m 3 .
) Bspline_mainm 4 % W& BB wrapping W=
7 bspline wdeboorm 5 ctrlpoints=[@,6,4,-12,-6,10,30,26,36,32,0,6,4;
7 bspline wdeboor deriv.m é @,5,15,28,4@,44,35,18,1@,6,0,5,15] ;
ﬁdesign sp“r’\e,m 7 knets = [@1 234567831211 1213 14 15 16];
) mySpline.m 9
#) po\.ygunictr\Pts.m 12 = TWE
E el 11 ctrlpoints=[@,6,4,-12,-6,18,30,26,36,32;
12 @,5,15,20,4@,44,35,18,18,6] ;
i knots=[1 5 @ 12 15 22 28 31 35 44 43 55 53 66]; % open
14
15 % % nl=12
16
17 %% clamped B 25
15 ctrlpoints=[@,6,4,-12,-6,1@,3@,26,36,32;
19 2,5,15,20,4@,44,35,18,18,6] ;
28 knots=[@ @ @1 23456788 &];% clamped
21
22
23 % % mrl=14 m=ptn+l p =3 up ~ un-p
24
25 m = length(knots)-1;
26 n = size(ctrlpoints,2)-1;
27 pp = m-n-1;
28 p = spmakiknots,ctrlpoints) ik i o4¥ F E
29
L) t = linspacelknots(pp+l],knots(m+l-pp),120000) ;
31 dp = fnder(pl;
52 ddp = fnder{dp);
33
34 ¥d = frval(p, t);
ED v = frval(dp, t);
36 Bd = frval(ddp, t;
37

» SNEIFfT.
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ERREEF RRENTRAEEF, m=12, n=9, p=m-n-1=2, AAUEEH, TREE
ER p+l=3, R clamped £, Alt, clamped B-H#FMELIE—MIERE—NIZE
il 2o

NCRBERFRN, J9RR open B-H#FMNERFRYE, BTt mENTRRAE, LHITNERR
TEHZEEY open B-#%%,

1 ctrlpoints=[0,6,4,-12,-6,10,30,26,36,32;
2 0,5,15,20,40,44,35,18,10,6];
3 knots=[1 5 9 12 15 22 28 31 35 44 49 55 59 66]; % open



FT Figure 1 = O >
MR REE EEBN BAN) IEM =mD) #OWw)  EEH) B
Dode @08 &E

ERRAEF SRAENTRAER, m=14, n=9, p=m-n-1=4, 5 open B-##£M4%E
RREMH—2, FErTLUEE open B-#5,

WAEBELFRR, JIRSR closed B-H#EMEMEMY, BoiztlmmENTRAE, LHINE
FRHAZERY closed B-#$5%. BFZHERFE AL, EEN—MEE "wrapping" 24!
Mo "wrapping"{ITHImBEMIRIER BRAIKIT—MITNE mtl M RFEY, RE
"wrapping" & pMI&fE p MEHEIR, WTFRRER—F;

1 | ctrlpoints=[0,6,4,-12,-6,10,30,26,36,32,0,6,4;
2 0,5,15,20,40,44,35,18,10,6,0,5,15];
3 knots=[0 1 2 3456 7 89 10 11 12 13 14 15 16];% clamped
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BT ERSEAUEL, ATESREENEFREERE ntl 5, HREB-HFRNTH

K p, BT AEENKE m+l =n+ p+2, WFKEN m+1INTLEE, MEFA
MERTEWEEE AP+, METLUZITEE clamped B-#%%, 18 p MEHI S REB(E
Nixha p NMEHIR, BIA1EE closed B-1#5%,

4.3 ........

5. REHMIAR
XKRAAAL: MEREANMTE MR

£ bezir_n.m FRSLIL DI ZR/REALL EAURRIER . RIZRBVAAN I DI Z/RERERAVIZ T = A
£"points", RERAVEIL A IZ/REIMGINE X", "y", SHEIZSH"t"



bezir/bezir_n.m

1 function [x, y, t] = bezir n(points)

2 syms t;

3 % check points size

4 n = length(points) - 1;

5

6 % calculate k

7 k =1[11];

8 fori=1: (n - 1)

9 a = zeros(l, i+2);

10 a = conv(k, [1 1]);

11 clear k;

12 k = a;

13 end

14

15 % ITHEt

16 fori=11: (n + 1)

17 if i ==1

18 j=1-1

19 ft = (1 - 1).%(n - J).%(t."]);
20 x = points(1l, i) * k(i) * ft;
21 y = points(2, i) * k(i) * ft;
22 else
23 j=1-1
24 ft = (1 - 1).~(n - j).*(t."j);
25 = X + points(1l, i) * k(i) * ft;
26 =y + points(2, i) * k(i) * ft;
27 end
28 end
29 end

TSR MEB/REBLNES =G, AR "bezir_n.m" BIaT £/ MY N ZRNT, E12F
"e7-2" R"bezir" Y generate_poly.m XHH, gitiEdRm@E, HIENKE "bezir_n.m
"IN, SRRMAREERTR

1 | points = [0 30 50 90 125 150 180 200 260 270;
2 03360-3-303.52.801;
3 [x, y, t] = bezir n(points);

fEA "diff" RELEN AT SCIR DI /R EABIR FL T2, AT @ FirENNEEZES|, FH
"matlabFunction" R LA "sym" FRREAFN@PHNEZREH (ESREH
BT 2, FEAMENHERAR), LEHANEE t BIESRIENEY, SRR
To

1 | dy = diff(y,t);
2 | dx = diff(x,t);
3 fx = matlabFunction(x);
4 | fy = matlabFunction(y);


bezir/bezir_n.m
bezir/generate_poly.m
bezir/bezir_n.m

| KA =2: B¥SDe BoonzfAH AL

£ "e7-2" B9 "B_spline" XX K bspline_deboor.m X, 4RE B-1£%De Boorik ﬁ
BARE, REBVMANFNZITBERZALAE 1", WATREAZE"", EHSEE"P", X
BERE RS V", RERRYHE AR N KRR S U ML B 5" C,

function [C,U] = bspline deboor(n,t,P,U)
d = n;

size(P,1); % dimension of control points

€®(a)."8 % knot sequence
u(:);
sum(bsxfun(@eq, U, t), 2); % multiplicity of u in t (0 <= s <= d+1)

bspline deboor interval(U,t);
Pk = zeros(m,d+1,d+1);
zeros (d+1,d+1);
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10 C = zeros(size(P,1), numel(U));
11 for j =1 : numel(U)
12 u=U(@);
13 s =5S(j);
14 ix = I(j);
15 Pk(:) = 0;
16 a(:) =
17 % identify d+1 relevant control points
18 Pk(:, (ix-d):(ix-s), 1) = P(:, (ix-d):(ix-s));
19 h=d-s;
20
21 if h >0
22 % de Boor recursion formula
23 for r=1:h
24 q = ix-1;
25 for i = (g-d+r) : (g-s)
26 a(i+l,r+1) = (u-t(i+l)) / (t(i+d-r+1+1)-t(i+l));
27 Pk(:,i+1,r+1) = (1l-a(i+l,r+1)) * Pk(:,i,r) + a(i+l,r+l) *
28 | Pk(:,i+l,r);
29 end
30 | end
31 C(:,j) = Pk(:,ix-s,d-s+1); % extract value from triangular computation scheme
32 elseif ix == numel(t) % last control point is a special case
33 C(:,j) = P(:,end);
34 | else
35 | C€(:,3) = P(:,ix-d);
36 end
end

BiIEHaMTamAER, EA"bspline_deboor.m"BILSEI B-HK NI ER. 0L

ESFRR, HERK B-1#5%E%:, HIREBNAFTE, HPRFMERISE 2-4 TAEXIEFIRAE

5% EME; $£6-8TRITEZMIURE; F10THMITERERIE; $11. 1217 NIER
BREIT R B-IF RN T,


B_spline/bspline_deboor.m
B_spline/bspline_deboor.m

clear
P=[0,10,25,38,80,99,105,150,180,200;
0,22,26,12,46,31,15,10,37,50] ;

t=[0 0000123456666 6]*3;
m = size(t,2)-1;

n = size(P,2)-1;

p=m-n-1;

tq = linspace(t(p+1),t(m-p+1),1000);
Y = bspline deboor(p,t,P,tq);

dY = bspline deboor deriv(p,t,P,tq);

ESFAIINRIERI I 24,5308, MR, PRE R, ill%E, & B1L, 15, =5 v B EE
BEXAN$TERIRIT S5, bR, 2025

6.5FEHN

1. 2, m>E, X REE R, & E, S B, R TR SN B E R E LA HTIEHIR
55k, bR, 2025.

2. RlySimE /5314

3. PX4TYE BB 53X

4, YEBELREEW

5. Farin G. Curves and Surfaces for Computer Aided Geometric Design: A Practical
Guide[M]. 5th ed. San Diego: Academic Press, 2002.

7.%% D) En

Ql: ERMIHZEAREFEAN?
AL B SORENARREATE, M SRR i BT U

FiEE. B, AURHARTRAENSH, ETRERENS, REEAESRIFS
::iE57

Q2: BHKELAEETEEEAN?

A2: XBEREANTRAEIRENER, MFclamped BiF5, FEBAEFIGHERT R
MWEEEAp+l (pABFRER) . B, MREFREA3, WERTRNEE4R.


https://rflysim.com/doc/zh/
https://docs.px4.io/
http://www.feisilab.com/

Q3: MERMBHRFFATAELN?

A3: DIZE/REAZAIARBEG RRE, HEBRRAE - MTHRE—TEGRIR. FERIE
EH SRR E R ISR AR, H5b, BNEH _SE LUREESZRIEH BHE, W0
REZESREIVR, BIERABIFFHL.

1. https://rflysim.com/ <
2. WEEEEIFEW: https://rflysim.com/doc/zh/HowTolnstall.pdf «
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https://rflysim.com/doc/zh/HowToInstall.pdf
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