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10.1 EEBHHIZF: £F MATLAB R2019a F &

10.1. 1 FEHHERF
probl_calc.m: [GFE 1 BRMBEOHZE
function [Lf, angle300] = probl _cale()
Yo
% [R]RE 1 Lt B A
% Blor i i LR
% FFH. 5 Constant 5P [ 52 {9 fEE il FO%E
b
warning(“off' ' MATLAB:integral: MaxInterval CountR ecached');
warning("off', MATLAR:integral: MinStepSize’),
angle min = acos{ 150/Constant.sphere radius);
Lf = fzero(@(Limt dL(Lf, angle min), [100, 400]);
disp(" o] i 1 FAREEEE LE "mat2st(LELT));
disp(" o] B 1 fg2s iR 3T A8 4 "mat2str(int_L(LE, angle _min),17)):
assert{abs{int dL{LL angle min)) < sqri{eps));
assert({ Lf == Constant. LI},
|~ ~. angle] = Constant.get rad angle():
f = (@{angle)abs(Polar.para(LL. angle)* cos(angle))-150;
angle300 = fzero(f, [pi/2, angle(end)]):
asserl{ abs{f{angle3007)) <= sqrifeps) )

end

function v = int_ L{Lf, angle min)

v = integral{i@f. angle min. pi/2).

function err = f{angle)
[L. =] = Polarpara(L{; angle);
err = (L-Constant.sphere_radius).*(L-Constant.sphere_radius);
radius = Constant.sphere radius. *cos{angle);
err = err. *( 2. ¥ pi. Fradius ),

end

end

function v = int_ dL{Lf, angle min)
v = integral{(@f. angle min, pi/2});,
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function derr = angle)
[L, dL] = Polarpara(Lf, angle):.
derr = 2. #dL. *(L-Constant.sphere radius);
radius = Constant.sphere radius.®cos(angle):
derr = derr.*(2.*pi. *radius);

end

end

prob2_calc.m: [E)#f 2 R EOHZE
function [fval, opt X, opt XY7Z, opt Lz, opt ABR, index. W, Winv, ...
edge. edge distSQ), motor hi. motor unit, motor distSQ| = prob2 cale()
clfi'reset');
mmg('default");
clear global

o HIAG LA

data = Data();

Yo WIAGILEEEE A

[W. Winv] = Polar.compose rotate{Constant.alpha, Constant.beta);

% JEF 300 OARA AT

[ angle300] = probl_eale();

main XY7 = data.main_node coordinate:

main ABR = Polar.xyz2abr{imam XYZ* W'y,

index = main_ ABR(:,2) == pi-angle300;

N _nodes = sum(index);

main XYZ =main XYZ(index, :); % 3Lk EM &

edge = data.edge(all(index(data.edge).2),:); % i &2 (Bl %0
index2(index) = 1:sum(index), %o 440 k27 5 015 B9 40 A0 F BRI
edge = index2(edge); % fif ST HI W S FERATEA Y A FSEER
assert(all(all{edge))); % iV SIF 5 HaEa

% WIRGILABIAICHE

edge distS0) = main XY Z{edge(:. 1).)-main XY Zedge(:.2):);

edge distSOQ = sum(edge distSQ.*edge distS8Q.2);

Yo (Ezh 58 ik 2

motor hi = data.motor higher base(index, :);

motor o = data.motor lower(index, :);
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motor unit = motor hi-motor lo;
motor unit = motor vt/ sgri(sumimotor unit.*motor unit.2)}):
motor distSQ = main XY Z-motor hi;

motor distSQ) = sum(motor distSQ.*motor distSQ. 2}

objective = @(X)obj SSE(X, W, N nodes):
nonlecon = (@(X)constraints(X, edge, edge distSQ, motor hi. motor unit,
motor distS8Q. N nodes);

[ tesikit(...
packimain XY 27, rand(N nodes, 1)), ...
objective....
nonlcorn...
|9

opts = optimoptions('fmincon’, ‘Display’, “iter-detailed"),
oplts. FunValCheck = 'on';
opts. SpecifyObjectiveGradient = true;
opts. SpecifyConstraintGradient = true;
opts. MaxFunctionEvaluations = inf;
opts. Maxlterations = inf}
opts. HonorBounds = false;
% opts. SubproblemAlgorithm = ‘cg’;
opts. HessianApproximation = 'Ibfis";
saved = load({'prob2');
if true

opt X = saved.opt X,

else

opt X = fimincon{objective, pack{main XYZ, zeros(N nodes, 1)) [ [1- [] [}
pack{-mf{size{main XY X)), repmat(-0.6, N nodes, 13)... %0 lb
pack( inf{size(main_ XYZ)), repmat( 0.6, N _nodes, 1)).... o ub
nonlcon, opts); %erok=UNRCH=>
end
fval = obj SSE{opt X, W, N _nodes);
[opt XY Z, opt Lz] = unpack{opt X, N nodes);
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TR

opt ABR = Polar.xyz2abr{opt XYZ*W");

end

function [S5E, dSSE dXYY] =obj SSE(X, W. N nodes)
Yo
% HiRERE
% HRIEEEE Lw (BERYE) MERY QERREOVE L ZFERET

%o

[XYZ, Lz] = unpack(X. N_nodes):

[abr, ~, db, dr] = Polar.xyz2abr{XY 25 W'},

[Lw, ~, dangle] = Polarpara{Constant. L, abr(-.2,:)):
err = Lw-abr(:,3Y;

S5E = err'*erm;

dSSE dXYZ = 2 *err.*{dangle. *db-dr);

dSSE dXYZ =dSSE dXYZ*W;

dSSE dXYZ = [dSSE dXYZ(:): zeros(size(Lz))]:

end

function [c.ceq,ge,geeq] = constraints(. ..

Pigiaes

edge, edge distSQ, ...

motor_hi, motor unit, motor_distSQ, N_nodes)
%o
% LIRGRM (ZikED
% P L CRERE Y o 2 (R AER R I B (R A e
% M2 (REFEMY S EHAMNESZAMER CFRER) RREEE
[XYZ, Lz] = unpack(X. N nodes);
errdist = XY Z{edge(.1):)-XY Z{edge(:.2).: %
edist = sum(errdist.*errdist, 2}
¢ = [edist-edge distSQ*(1.0007*1L.0007), edge distSO*(0.9993%0.9993)-edist]:
[1 = subZind(size( XY 2), repmat{edge(:. 1), 1.3}, repmat( 1:3.numel{edist), 1))
2 = sub2ind(size(XY 2), repmat{edge(:.2). 1.3}, repmat{ 1:3. numel{edist), 1)):
J = repmat({ 1:numel(edist)).’. 1. 3%
ge=|
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sparse(...

reshape([11 12].[].1 ...

reshape([ J  JL.[].1)....
reshape(2.%|errdist -errdist].[].1)....
numel{X )y numel{edist)), ...
-sparse|..

reshape([11 12]L[].1%...

reshape([ ] J).[]:10...
reshape(2.*[errdist -errdist],[],1)....
numel{X ), numel{edist))

¥

motor hi_new = motor hi+Lz *motor unit;
errdist = XY Z-motor hi new:

edist = sum(errdist. *errdist,2);

ceq = edist-motor_distS0);

J = repmat{{ 1 :numel{edist)).’, 1. 4
geeq = sparse(...
reshape( 1 numel(X).[].1)....
reshape(L[].1)....
reshape(2.*[errdist -sum{errdist. ¥motor unit.2)].[].1)....
numel{X ) mumel{edist)):

end

function [SSE, dSSE] = consir test_ceq(X. constraints)
[-.ceq.~ geeq] = constraints(X);
S8E = ceq™ceq;
dSSE = full{2.*geeq® ceq):

end

function [SSE. dSSE] = constr_test o, constraints)
[e~ge,~] = constraints(X):
SSE =c'*c;
dSSE = full(2.¥ge¥c);

end

function ' testkit{ data, objective, constrainis)
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% HEMIERMER A

= ohjective:

fori=1:10
index = randi{numel{data)/'4* 3,
ratio = linspace(0.1, 10.0, 20},
diff = arrayvfun(@{r)derr diffir, index), ratio);
ana_ = arrayfun{i@(r)derr ana(r. index). ratio};
disp("{5 Mk "+norm(diff -ana_)norm{ana )):
plot{ratio. diff’ -ana ):
hold on

end

= (@ XN)constr test ceq(X, constraints);

fori= 1:10
index = randi(numel({data));
ratio = linspace((0.1. 10.0. 20},
ana_ = arrayfun{@(r)derr ana(r. index). ratio);
diff = arraviun{@({riderr diff{r, index). ratio).
disp("{5 ¥ tL: "+norm(diff -ana Ynorm(diff ))
plot{ratio, diff’ -ana ).
hold on

end

= @(X)constr_test cfX, constrainis);

fori= 1:10
ndex = randi(numel{data )’ 4* 3%
ratio = linspace(0.1. 10.0, 20);
ana_ = arrayfun{@(r)derr ana(r, index), ratio);
diff = armayfun{{d@(riderr diffir. index). ratio).
disp("{5 M k2 “norm(diff -ana Ynorm(diff )):

plot{ratio, dift’ -ana_):

hold on

end

function dSSE = derr_diff{ratio. index)
assert{isscalar(ratio)).

dSSE = (fiset{index. ratio+1e-4))-flset{index. ratio-1e-4)))./ 2e-4:

end
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function dSSE = derr_ana(ratio, index)
asserl{isscalar(ratio)):
[~ dSSE] = f{(set{index, ratio));
dSSE = dSSE(index)* datalindex):
end
function newdata = set{index, ratio)
newdata = data;
newdata(index) = newdatalindex)*ratio;
end
end
function X = pack(XYZ, Lz)
XN=XYZ() Lz);
end
function [XY 7. Lz] = unpack({X, N nodes)
assert{(numel(X) == 4*N_nodes);
XYZ =reshape(X(1.3*N_nodes). []. 3%
Lz = X(3*N nodes+1:end);
End

prob3_cale.m: (G 3 MRBELEZ (SEESGE, BB
clfi)

clear()

mg{'default');

close('all'y.

clear global

global opt XY index W

[~ = opt XYZ, ~ — index, W, —| = prob2_cale()clf{"reset");
% i

clfi'reset'),

%o plot_working_illu_3d{true);

clfi'reset’),

%o plot 2d texture(irue);

clf{'reset"):

% plot 2d texture(false);

rec ratio work = [0.011020300922443 0.0110003218576217 0.0110518782939506
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0.011064381 7438084
0.0110485073071177
0.0110550668326781
0.011036T034749252
0.0110386802631623
0.01102963 11887876
0.0109799794453533
0.0110669362584378
001104734341 13818
0.0110046254841212
0.0110474009766273
0.0110382613793932
O.0110136604630215
0.0109958279906631
0.0110127664607068
0.0110505079293461
0.0110541993462448
001101 80088017255
0011081741 4943682
0.0110146584529961
0.0110169034101532
0.01102027572781 54
0.0110382443277745

0.0109730660550652
(0.0110240151884694
0.0110459270345307
D.0110481 766120668
0.0110153292520637
0.0109757385346491
0.0110238540462687
0.0T105326144686468
0.0110341899191246
(LO110235600140406
0.01104200968702435
0L.0110600521586413
(LO110101135220489
0.0110837873612863
0L0110545986531244
0.011039406367263
0.01105313385417147
0.011022189720714
01099074916 TEEOL
0.0110255093771213
0.0110789763845019
0.0110403474743263
0.0110068533880955

0.0110257601080111
0L.O110130230869417
(LOT09RR2G1 2985835
0.0110321572590037
0.0110192330970475
0LO1097551111035056
0.0110453042446409
(.0110334430375848
0.0110517591813282
(LOT10550698235744
0.0110363756602061
(0.0110028232503258
0.0110183405377215
0.011063917248036
0.0110345008277633
0.0110103799922359
0.0110529854247001
0.0110627343553963
(LOT102001 80167431
0.0110528637613645
(0.011086907752962
0.0110425429291141
0.0110432395673006

0.011000327429337  0.0110230589753898  0.0110471891212048

0.0110223227972293
0.0110164104558229
(0L.0110436769357324
0.0110749365711392
0.0109874238643901
0.0110288022004406
(LO110284372401636
0.0109741922281317
0.0110496603830398
001106497 14478939
0.0110091725112358
0.0110465102463241
001 10043363971 838
(LO110277008429329
0.0110429260222507
(LO110289593537192
0.0110445898913447
0.0110285841 846507
0.0110311268543086
0.0110777319262726
0.0110068509917417
0.0110162286817121

0.010996333441479
(LO110296744899169

0.0110090500347684];

rec ratio_base = [(L00B09957344004469 0.00816030276732031 0.00R15114719028782
0.00809170932206714 0.00813359107492003 0.0081 5073014613017 (L00B08926197249174
0.00808170453150241 0.00806468281488732 0.0081 182224458027 0.00809664564432054
0.00803929331956928 (L.00813862975913561 0.00812651614405913 0.00807548662594117
D.00809838752451361 (0L00B09400286528839 (LOORT1009080826381 0L.00810822712967782
0.00809315525807824 0.00306436974020875 0.008134630287794 0.00807892790322006
0.008055987 14908852 (0.00813180369790822 (L.00810668350665907 (LOOBOTI2R0ER140091
0.00811052825834018 0.00810927517071732 0.00811143502132163 0.00810309576115239
0.00810982854434356 0.00811344740473194 0.0081 4411524881943 0.00810455307681079
0.00806302524392838 (.00808600818409412 0.00812354564034997 0.00811186777478928
D.00802026737854994 0.00808663956574123 (.00 412833R1958TT 0.00807940794169834
0.00812113941 770167 0.00B1024286210036 0.0080924217013025 0.00809501225610337
0.00809902994305578 (L00812940497617186 0.00809554341149597 0.00809631643018426
0.00804393426011682 0.00309575027496546 0.00812928273720676 (1.00811334164853845
0.00812004359958459 0,008 1057906967159 0.00807971230125123 0.00R10458060650855
0.00809081157217132 0.00807630129046536 0.00812220517987459 0.00811 206634654426
D.00810709806891063 0.00815164906999222 (.00813766254713846 0.00814321524369861
0.008109080410141 88 0.00812934844902824 0.00810621605696549 00081 1063002236979
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0.00812337388975942 (LO0B09493844001929 0.00811284919748417 0.00812982625291347
0008114441 75548698 0.00812948462742588 (L0081 2471872392731 0.00809515370106578
0.00810070201885477 0.008091 54975241786 0.00809924616852124 (.00B08220053817524
00081240221 7146259 0.00811192024738402 0.00806217864697205 0.00809729197336589
0.00814243000329029 (LO0S14908482651054 0.00805549860700152 (.00812911963465325
0.00809820772628644 0.0080799192180059 0.00812099010446983 0.00811185636211377
0.00R10677088931511 0.00812457458272667 0.00811715912091946 0.00810254234380183
0.00812512633851956];

subplot(2,1.1);

hold on

plot([ 1:100;1; 100]. | repmat{meanirec ratio work),size(rec ratio work)yrec ratio work]
Jk-"LineWidth',2);

plot{1:100,rec_ratio work, ko', LineWidth',2 )

box on

arid on

style('fontname', "fontsize’);

%o viim([0.01033. 0.01045]):

subplot{2,1.2);

hold on

plot([1:100:1:100]).[repmat{mean(rec_ratio_base).size(rec ratio base)krec ratio base].'k
- LineWidth',2);

plot{ 1:100,rec_ratio base,'ko’,'Line Width',2);

box on

grid on

style( foniname’, 'fontzize’);

fastprint(’ B Fr/prob3 £ 5. 2 UG 0 4 10 S (E S sh &)

function [data. XY 7, tri. tri_area] = get datal WORKING)

o

%o FRHY TIREAE0E I LIRS T M 20 M a2
Yo
data = Data();
global opt XYZ index W

XYZ = data.main_node coordinate; % 7= —4~3f 75 F 20 A A BE i debr i =
irWORKING
XYZ(index,)) = opt XYZ: % =% Rl 20 T/ i
end
XYZ =XYZ*W",
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% EH =R

triangle = data.triangle;

X = reshape(XY Z{triangle. 1 ).size{iriangle)):

Y = reshape(XY Z(triangle, 2) size{iriangle));

% 7 = reshape( XY Z{triangle, 3 )size(triangle));

triangle area = 0.5%abs(X(C,D.A(Y(2»Y0E3D  + XC2DANEH-YED)  +
NI AV DY 020N

Yo §fIE L PTH AT RERE P T H X RN =/
tri = triangle(any(index(triangle).2).:);
iri_area = triangle area(anv(index(iriangle).2)),
end
function [rec_ratio, xvz, uvw, data, XY 7] = mec_integral{ WORKING)
%
v MEUHSHER LEST (BHFE=RAMED W
% FAT xvz B E) uvw 81286 R
% (FAERIEE, MER SR TS
Yo
[data, XYZ, tri, tri_area] = get data{ WORKING);
area = zeros(size(tri.1.1);
wvz = cell{sizetri));
uvw = cell{size(tr));
N = 10000;
fori= lsize(tri.l)
N =XYZ({tri{i.:). 1)
Y = XYZ(r(.:).2)
Z = XY Z(trifi.:).3);
1123 = rand({N,2);
t123001 230, 1)+ 123(:.2)= 1) = [ 1, 1] - t123¢t023(:, 1)+ 23(:,2)=1.:);
t123(end+1) = L1123 1)-1123(:.2): %otok=AGROW>
[xvz uvw .ratio] = cale t fast(t]123, 3.Y.70
xyzii} = xyz (~isnan(ratio),: )
uvw {i} = uvw (~isnan(ratio),:);
area(i) = mean{~isnan{ratio) ),
end

assert(~any({isnan{area))}):
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%o area = area(~isnan{area));
%o tri_area = tri_area{~isnan{area)),
rec ratio =sumitri area. *area)./(130%1530%pi);
it WORKING

disp(" T{E4E U Ez: "+mat2str(rec_ratio,17)):
else

disp("H R EL: "rmat2str(rec_ratio, 1 7)):
end

end

function plot 2d texture{ WORKING)
% &
% 2d, HORSFIEEE, TAF S0 Rk a6l
%o
[~ xyz, ~ data, XY Z] = mc_integrall WORKING);
tri = data.triangle(:.[1:3 1]).%
plot(reshape( XY Z(tri.1 ksizetri ) Lreshape( XY Z(tri, 2 Lsize(tri)), 'K ):
hold on;
vz = vertcat(xvz{:});
plot{xoyz(: Deva( L 2). K
axis equal
slim [-90.-30] )
vlim([-30.30]):
stvle{'foniname’, 'fontsize');
if WORKING
fastprint(’ B 1y /prob3. 25 8L £0E A o L&) )
else
fastprint(! %] Fy/prob3 £ b Sr8 H Le (GEAEAS ) )
end

end

function plot working illu 3d{WORKING)
%o
% i
% 3d, Rt TAE S0 AR R A T
% JXFKERAE LIRS dt 225, TIEEMSES
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%

assert{ WORKINGY).
[~ xyz, uvw, data, XY 7] =me integral{ WORKING);
xyvz = vertcat(xyz{:} )
uvw = verleatfuvw{: 1)
ave = xvz( 1 100end. )
wvw = uvw({ 1:100:end,: ),
p=plot3(...
[val, Daove (s Dravw (G 1]
[aovz(:, 20 ove (L 2 ruvw (s, 20
[xva(.3) xva(. 3 ruvw(:, 3) ")
color = mat2eell{repmat{rand(numel{p).1). 1.3 Lones(numel{pi.1).3 )%
|p.Color] = color{:};
hold{"on').

X=XYZ( 1y Y=XYZ(: 2 Z=XYZ(:3);
irisurfidata.irangle, X.Y.7, FaceColor', 'None'),
axis('equal');

colormap('erav'y,

colorbar( )

grid(’on’);

box({"on"):

stvle('fontsize’, fontname'y;

fastprint("H F/prob3. &4 B 52 B v 28 R 48 T i i o i B,

end

function [xvz, uvw, ratio] = eale 't fast{t]123.X.Y.7)
Yo
% FHEERN GG BUER XYZ AR, R L SO0 TR G B = A

% RUCKAEENIA 11, 12,13

%o
xvz =123 * [X Y Z]:
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% S LmAdaPs, FTHEEESR
a=X(1)-X(2); b = Y(1)-Y(2)

¢ =XN(2)1-X(3):d = Y(2)-Y(3)

uvw = ([a by ¢ A\ [Z(2)-Z(1): Z(3)-Z({D)])":
wvw(end+1) = 1;

uvw _abr = Polar xyz2abr{-uvw),

uwvw abr(:.2) = pi/2-(pi/2-uvw _abr{:.2)).%2;
uvw abr(;,3)=1;

uvw = -PolarabrZxyz{uvw abr).

ratio = (- 1-Constant. FR_ratio). *Constant.sphere radius-xyvz(:, 3 uvw(=.3):

ratio(ratio < 0) = NaN; % [ [a] 24~ £ IR 1552 T pass

dst = xyz+ratio. ¥uvw;

assert{all{abs(dsi{:,3)+(1-Constant. FR_ratio).*Constant.sphere_radius) < sqri{eps)
isnan(ratio)});

ratio(sum(dst(:.1:2).*dst(:.1:2).2) > 0.5.%0.5) = NaN: % F S8 AL 7 0 i a8t o
HEREPIE AL T pass

ratio(sum(xyz(:.1:2).*xyz(:,1:2).2) < 0.5.%0.5) = NaN: % A G #0500 £ a0 148

F pass
ratio(sum{xyz(:.1:2).*xyz(:,1:2).2) > 150.#150) = NaN: % S 150 O 4 E 0 pass
wvziisnan(ratio),) = NaN;
uvw = ratio. fuvw,
assert(size(xvz, 1) == size(uvw. 1))
end

probl.m: [EIRE 1 BUESRATIAM, K
% AILPFES problm

Sotok=* DEFNL=>

clear

clear global

close all

[LE angle300] = probl cale():

cif reset
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illu2d(L{, angle300);

clf reset
plot3d(Lf, angle300)

clf reset

error_plot(Lf, angle300)

function error plot(Lf, angle300) % (6 &) i % £ £
angle = linspace{angle300, -angle300+pi, 100}
Lw = Polar.para(Lf, angle),
err = Constant.sphere radius-Law;
plot([-Lw.*cos(angle); -Lw. *cos(angle)]. [0.%em: err], -k "LineWidth'.2),
hold{"on").
grid{'on'):
plot{-Lav.*cos{angle), err, "ok', 'LineWidih',2);
xlim([-130, 150]),
ylimi([-{1.6, 0.6]);
sivle('fontsize', 'fontname’);
% fastprint(" 5 F /prob 1 45 52 | [ _E MBS KRR vs BEAEERTTER));
end
function plot3d{Lf, angle300) % 3d TR %
d = Data();
XYZ =d.main_node coordinate;
ABR = Polar.xyvz2abr{XYZ);
index = ABR(:,2) == pi-angle300;
N=XYZ(AXY = XYZ 202 =Y 70 3):
err = -Polarpara{ L{, ABR(:,2)),
ern—~index) = NaN:
trisurfid.triangle. 3. Y. 7, err+Constant.sphere_radius, ' FaceColor'.interp').
view(2})
colorbar(};
axis('equal');
style('fontsize', "fontname');
colormap('zray'y,
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box('on');
% fastprint("E Fy /prob 1.5 3D b LW H) 1 0 6 25 (5 ] B Y,
end
function illu2d(Lf, angle300) % H% ) 1 i A% 7 5

font_opts = {"Vertical Alignment’, 'middle’, "Horizontal Alignment’, "center’, 'FontSize',
13, 'Interpreter’. 'latex'}:

clfi'reset'),

hold on

|spher_rad, focal rad, angle] = Constant.get rad _angle();

p S =illup 8

p P =[0-focal rad];

p Q= [0-focal rad-0.5*Lf];

p T=[0-focal rad-1.f];

hold{"on'y,

%o HEHEEIIN

plot{-spher rad*cos{angle),-spher rad*sinfangle ). 'K', 'LineWidth', 27,

%o f i [0

plot(-focal rad*cos{angle),-focal rad*siniangle), 'K, "LineWidth', 2);

% FRdEs

plot(p S(1) p S(2),*k". 'MarkerSize', 14, 'LineWidth'. 2);

plotip_P(1), p_P(2).' K, "MarkerSize', 22, 'LineWidth', 2);

plotdp (1), p N(2) K. 'MarkerSize', 22, 'LineWidth', 2);

ploi(p T(1). p_T(2)." K, "MarkerSize’, 22. 'LineWidth', 2);

plot(0,0..k", 'MarkerSize'. 22. LineWidth', 2,

text(p S(13+20. p S(2). "boldmathS585', font opts{:})

text{p P(1)+15, p P(2)+18, "boldmathSPSE', font opts{:})

text{p (13135, p (N2)+18, "boldmathSOQF', font opts{:})

text{p T(1)-18. p T(2)+18. “boldmath$TS', font opts{:})

text(0+20, 0. "boldmath3CS', font_opts{:}):

% SCPQT 4k

plot{[p S(1)p T(1). [p S(2). p_T(2}].'--k". 'LineWidth'. 2):

% (LR

plot(p T(1)+[-300 300]. p_T(2)+[0 0]. "K' 'LineWidth'. 2);

plot(p_T(1)+[0 30 30], p_T(2)+[30 30 0], "K', 'LineWidth', 2); %6 L

% VHENER

Lw = Polar.para(Lf, angle);

L300 = Polar.paral Lf, angle300);
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p_x = [-L300.*cos(angle300) -L300. *sin(angle300)];

% ek

plot{-Lav *cos{angle), -Law. *sin{angle). - K, 'LineWidth', 2;
plotip_x(1). p_x(2). 'K, "MarkerSize', 22): % 300 4% 5

plot([p x(D)p x(1)} [p_T(2) p_%(2)], "K', 'LineWidth', 2); % gLk
text(p x(1), p_T(23-20, "boldmath$x=300/2%" font_opts{:}}

% &

axis('equal');

set(gea,'Visible', 'off");

%o viim([-300, 200])

stvle{'fomsize’, "foniname');

% fastprint(" B Fy /prob 1. 45 522D 0] (i S 05 g £k .

end

prob2. m: ()R 2 RUEERATIIL. B

% A LIRS prob2m

cle

clf

clear

mg('default’);

close all

clear('global'y,

data = Data().

[Fval, opt X, opt XYZ, opt_Lz, opt ABR, index, W, Winv, ...
edge, edge distS0Q. motor hi, motor unit, motor distSQ)] = prob2 cale():

close all

xlsx output{opt Y7, opt Lz, index, Winv)

disp(" ] &1 2 fi/ iR T M val),

return

clf reset

errplot 3d(data. opt XY7, opt. ABR. index);

clf reset
plot 3d lz(data. opt XYZ. opt Lz, index);
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clf reset
plot 2d main node distfopt XY7. edge. edge dist8Q):

clf reset
plot 2d fiterr{opt ABRY;

function xlsx output{opt XY, opt Lz, index, Winv)
if exist(‘result. x1sx', "file")
delete('result.xlsx"):

end

copyfile("ST4E/4. TEIIE Y 3 2240 4. xlsx'. result.xlsx");

0% AR T o5 A0 4R

XYZ = Polarabr2xyz([0 pi'2 Polarpara(Constant. L, pi/2)]):

XY Z = XYZ*Winv",

11 = table(XYZ(1), XYZ(2). XYZ(3)):

disp(" T I Y00 0 T01 G AR AR

disp(headit1));

writetable(11, 'result.xlsx’. 'Sheet!, ' ¥ 32 i) ¥ 00 TR &5 45 §5°, 'Range’. 'A2:C2',
"WriteVariableMames', false):

% WG ER VT AMS Rk

data = readtable("E4E/1. £ S AR S esv)

12 = table(data.x_ (index), opt XYZ(:.1), opt NYZ(:,2), opt XYZ(:3))

disp(" PSS E RN AT AR,

dispthead(12));

writetable(t2, 'result.xlsx', 'Sheet, '¥A % 5 + 2 % 5 & 2445, 'Range, [A2:D'
num2str(height{12)+1)], "Write VariableNames', false);

Yo {Eaf)EE Ty {4 B

13 = table(data.x {index), opt Lz):

disp(" (2 5h-#5 I i {45 &),

disp(head(13)).

writetable(t3, ‘result.xlsx', 'Sheet’, ' {E =) 3% T 4% 4 45 &', 'Range’. ['A2:B
num2str{height{i3)+1)]. "Write VariableMNames', false);

xlsx_ check()

end

function xlsx check()
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tl = readtable('result. xlex,'Sheet, B2 A2 I8 i 00 10 63 22 450,
12 = readtable('result. xlsx','Sheet'. V5 # /5 + E W S8 5 F 445"
13 = readtable('result. xlsx','Sheet', (it 555 101 % {81 4 1),
|W. ~] = Polar.compose rotate{ Constant.alpha. Constant.beta):
% ¥ Iey WoBER FAEME Lw B 5 focal rad+L12 —
ABR = Polar xyz2abr{11 {1,1:3 }* W'y,
err = ABR(3}((1-Constant. FR_ratio)*Constant.sphere_radius+Constant. LE/2);
disp("He 2 P08 0 T 26 M 5 5 R 75 2 focal rad+LE2 (Y B {E(HI SR 25 "+err):
assert{abs{err) < eps);
% HEHHIEE index
raw_code = readtable(50#E/1. T EW S LR S csv):
raw code =raw codex
index code = string(t2.x X
index = cellfun{i@{s)mnvis == index code), raw code);
assert(all{string(raw_code(index)) = index_code));
disp("Hy i index REIN"):
%o (.6
assert(all(t3 {:.2}<0.6))
assert(all{t3 {:.2}>-0.6))
disp('Lz & HHEIT L 0.6: BT
%o 007
data = Data():
edge = data.edge(all{index(data.edge).2).:): % 3Ly &2 8] 0
index2(index) = l:'sum(index); % FJHITIE 5 FHERT Y ST bR
edge = index2(edge); % & FHTHY Y S FARRNED N S5 EE
assert(all(all{edge))). % EAV SFES G ER
raw XY7Z = datamain node coordinate(index,:);
opt XY =12{:,2:4},
raw_edist = raw XY Z(edge(:.1): raw XY Z(edge(:.2):):
raw_edist = sqri(sum(raw_edist.*raw_edist.2)):
opt_edist = opt XY Z{edge(:, ).:)-opt XY Z{edge(:.2).: 0
opt_edist = sqri(sum(opt_edist.¥opt_edist.2)).
ratio = {opt_edist./raw _edist)* 100-100;
assert(all{ratio=0.07));
assert{all{ratio=-0.07)}):
disp("1i &5 2 (7] i 9E B AL A B £ 0.07%: ALIh'):
% motor B FfE)
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motor unit = data.motor_higher base(index.:)-data.motor lower{index,:):
motor unit = motor vt/ sgri(sumimotor unit.*motor unit.2)}):
assert(all{abs(sumi{motor unit.*motor unit,2)-1) < sqrifeps))

motor top = data.motor_higher base{index,:)*13{:.2}.*motor unit:

opt pdist = opt XY Z-motor top,

opt pdist = sqrifsum{opt pdist. *opt_pdisi,2)):

raw_pdist = data.main_node coordinate(index.;)-data.motor_higher base(index.:),
raw pdist = sqrifsumiraw _pdist.*raw pdist.2) )

assert{max{abs(raw pdist-opt pdist)) < sqri{eps));

disp(" T $i ZHE B W)

% REfRMS SR

opl ABR = Polar.xyz2abr{opt XY Z*W");

err = opt ABR(:.3)-Polar.para(Constant Lf, opt ABR(:.2)):
assert{max{abs{err)) = le-5)%

disp{M§ SFEEFEE 1e-5: ALY

end

function plot 2d fiterr{opt ABR) %ofok=* DEFNL>
Law = Polar. para{Constant. L, opt ABR(:,2));
err = opt. ABR(:,3)-Lw;
bar{sort{err). 'K');
grid(’on’);
style('fonisize’, "fontname');
sticks( [xticks numel{err)|};
fastprint(" 8 b /prob2. 4 5. £ [ o3 5 EE W40 T 2 ) Y BR T 438 a0 i 22,

end

function plot 2d main node dist(opt NYZ, edge. edge distSQ)
errdist = opt XY Z(edgei:.1).0-0pt XY Z{edge(:.2).0)
edist = 100*(sgri(sum{errdist. *errdist.2)).sqri(edge distSQ)-1);
bar{sort{edist), k')
grid{'on'};
sivle{'fontsize', "fontname');
sticks( [xticks numel{edist)]).
fastprint( 2 F/prob2. 4 5. 3= [ &3 2 [E]8F B A0 1 5 b))

end

39



function plot 3d lz(data, opt XY 7. opt Lz, index) % ——HE{Z2hEER THE(Flat)
raw XYZ = datamain node coordinate;
raw XYZ(index,)=opt XY,
X=raw XYZ( 1 Y =raw XYZ(.2) Z =raw XYZ(:.3)
Lz = NaNisize(index));
La(index) = opt Lz:
trisurf{data.triangle, X.Y.7, Lz);
colorbar():
view(2);
axis('equal');
siyle('fonisize', "fontname');
colormap('grav'y,
¢ = caxis( )%
ec(2) = 0.6;
caxis{ce):
box("on'y:
fastprint('B8 F/prob2. 4% §:.3D {2 2h 3348 F+ ')

end

function errplot_3d{data. opt XYZ. opt ABR. index) % = il &% % (interp)
raw NYZ = datamain node coordinate;
raw XYZ(index.)) = opt XYZ:
X=raw XYZ(, 1% Y =raw XYZ{:.2) Z=raw XYZ[:3)
err = MaN(size(index));
err(index) = abs{Polar. para{Constant. Lf, opt ABR(:.2)) - opt ABR{(:,3)):
trisurfidata.triangle, X, Y.7. em. 'FaceColor’, 'interp');
colorbar(};
view(2);
axis('equal');
sivle('fonmsize, 'fontname');
colormap('gray'):
box("on');
fastprint(' 2 F-/prob2 & Ht 3D 1 2 dly T 40l & 12 2y

end
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Constant.m: BFFEIAMEERREEY
% AL FE A Constant.m
classdel Constant

properties{Constant)

FR ratio = 0.466: % ¥

sphere_radius = 300.4; % AEAEEIRE B, B

sphere_half caliber = 500/2; % #EHEEERTA O —F

paraboloid_half caliber = 300/2; % T {EAERM & O 200 —2F

Lf = 280.85417567168855; % 9 — [ S H AR ARG, FIfERAF A&
alpha = deg2rad(36.795) % 5 — a1 f

beta = deg2rad(78.169); % 55 [P #
end
methods(Static)
function [spher rad, focal rad. angle] = get rad angle()
spher_rad = Constant.sphere_radius;
spher cli = Constant.sphere half caliber,
focal rad = (1-Constant. FR ratio) * spher rad;
angle = pi/2-asin(spher_cli/spher_rad); % {H @R EQ B R HMA,
i3 F 2 A0 £y
angle = linspace(angle, pi-angle, 100},
end
end

end

Data.m: &85 E M 123 RSt BIIZFEA ¥R
% AL IE 4 Datam
classdefl Data

properties
main node code % EFEV Ll , strings FEIFEL
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main node coordinate % £ E T TR, XYZ
motor lower % (EZhE ik S04, XYZ
motor_higher base % {Ezh8% ¥ s &b, XYZ (e
triangle % =T R HRA T G55, string FIPEL
edge % TEBMEAMGFS, HEESERER, BARFH
end
methods
function d = Data
main node = readtable( B1#8/1. 2= A ALEH#S csv'),
d.main_node code = string{main_node{: 1}

d.main_nede _coordinate = main_node{:.2:end};

motor = readtable( ¥{#/2. (£ah&F LT i 5 PR #1455 .osv),
assert(all{d main_ node code = string{motor{:.1} 1))

dmotor lower = motor{:2:4};

d.motor_higher base = motor{: 5:end}:

triangle = readtable(" 3 48/3. Ko & FIHT B0 T 4546 5 .osv'):
d.triangle = string(iriangle{:.: 1)

d.check()

d = d.convert node id(};
d.edge = d.get_edges();

end

function e = get edges(d)
tri = d.triangle;
e = [trifz B2 )tri(:.2:3 jtnifs [L3])]:
efe(:,1)e(12),:) = e(e(:,1)2e(:. 2).[2.1])
e = unigque(e.'rows')
assert(size{e.1) == 6523);
assert(~any(e(.1) == e(L2))):

end

function check(d)
asseri(issiring(d.main node code));
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assert{numel(d.main_node code) == 22206);
assert(size(d.main_node coordinate, 1) == 2226},

asseri(size(d.main node coordimate.2)== 3},

assert(ismatrix(d.motor lower));
asseri(ismatriz(d.motor higher base));
assert(size(d.motor lower.1) = 2226},
asseri{size(d.motor lower,2) = 3);
asseri{size(d.motor_higher base.1) == 2226);
asseri{size(d.motor_higher base,2) == 3);

assert{isstring{d.triangle))
assert(size(d.triangle,1) = 4300},
assert(size(d.idangle.2) =— 3);

end

function d = convert node id(d)
% e AR, BE WU TR abe(i). HAA index(i) =7

[abe, index| = sort{d.main node code);
% 45 triangle £E5, B9 — D WUFEE xz(). HFEHA index2() == [ini
JE i)
vz, index2] = sort{d.triangle(: )
i=L
indexed = zeros(size(xyz)).
for i = 1:numel{abe)
while abe(i) == xvz(j)
indexed()) = index(1);
J=jti;
if'j = numel(xyz)
break
end
end
end
indexed{index2) = indexed;
indexed = reshape(indexed, []. 3):

assert(all(all{d.main_node code(indexed) == d.triangle)));
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d.main_nede code = linumel{d.main_node code);
d.main_node code = domain node code(:);
d.iriangle = indexed;

end

function length = get pull length{d)
main = d.main_node coordinate;
higher = d.motor higher base;
length = sqrt{((main-higher). *(main-higher)) * [1 1 1]
end
end

end

Polar.m: MAFSHALIGHERE, RYEREES
% AL IR A Polanm
classdef Polar

methods(Static)

function [L. d._dLf, dl._dangle] = para(Lf, angle)
%

% PRAsERTR, SEminiREE, {ERER omega(angle) F
%o i th AR R i BE B AL BR L
Do
cos angle = cos{angle); %o diflicos) = -sin
sin_angle = sinfangle);, %o diffisin) = cos

cos? angle = cos_angle.®cos angle;

RF = (1-Constant. FR._ratio)*Constant.sphere radius;
index = cos angle == 0| abs{angle - pi/2) < eps:

delta = LE*LT + 2*RF*LL.*cos2 angle:
L = {-Lf.*sin_angle+sqri{delta))./cos2 angle;
Liindex) = (LL£/2+RF)./sin_angle(index);

ddelta dLf=2.*Lf+ 2.*RF.*cos2 angle;

dl. dLf = -sin_angle./cos2 angle;

dl. dLr=dL dLF+1/cos2 angle *0.3 /sqri(delta).® ddelta dLf;
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s angle;

dl. dLf{index) = 1.4{2.*sin_angle{index)):

ddelta dangle =2 *REF*L1*2 *cos angle. *-sin angle;

dl. dangle = -Lf./cos2 angle.*cos angle - L./cos2 angle.*2.*cos angle.®-

dl._dangle = dL._dangle+1./cos2 angle.*0.5./sqri{delta). *ddelta_dangle:
dl. danglefindex) = -Liindex)./xin_angle(index). *cos angle(index);

function [abr, dalpha, dbeta, dr] = xyvz2abr{XY Z)

%

% B R R AR A R

% Hirth:

%  abr : [alpha beta r|

%  dalpha: d{alpha}/d{[XY Z]}
%  dbeta: d{betal/d{[X Y Z]}
% dr d{rtd{[X Y Z]}

X = XYZ(.1)
Y = XYZ(.2);
7 =XYZ(:3);

norm2 sq = X FNHYEY,
norm3_sq =norm2 sq+Z.* 2
norm2 = sqrifnorm?2 _sq);
norm3 = sqrifnorm3_sq);
T = norma3;
beta = asin{-Z./r);
alpha = acos{-X./norm2};
alpha(Y ==0) = 2*pi-alpha(¥Y ==0);
alpha{~norm2) = 0;
abr = [alpha, beta, r];
if nargout == 1

return

end

ZEROS = zeros(size( ),

dnorm2 sq = 24X Y ZEROS];
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dnorm3 sq=2*[XNY Z]:
dnorm2 = 0.5 *dnorm2 sq./nomm;

dnorm3 = 0.5 *dnorm3 sq./norm3;

dr = dnorm3;
dbeta = rimorm2.#{|ZEROS ZEROS -1.1] + (Z./r).*{dr./r));
dalpha = -abs(norm2J/Y)*([-1.morm2  ZEROS  ZEROS)

(X norm2).*{dnorm2. morm2));
dalpha(y==0, ;) = -dalpha(Y==0, : )
dalpha{-norm2, ) = {i;

end
function XYZ = abr2xyz(abr)
Yo
% HRAEPRIE A K R AR
%o
alpha = abr(:,1),
beta =abr(;,2);
r = abr{:.3%
£ = -r.*sin{beta);
r = r.*cos(beta);
XN = -r.¥cos(alpha);
Y = -r.*sin(alpha);
XYZ=[X. L L}
end
function [ W, Winv| = compose rotate{alpha, beta)
%
% MEHERE (3d HedErE)
% SE il BESE Bl ER alpha f(xOv Tl _ED)
% FRIE o] BESE LK beta #hEEE] pi2
%o
Wxy = [
cos{alpha) sin(alpha) 0
-sin{alpha) cos{alpha) 0
0 01
I;
Wxy inv =
cos{alpha) -sin{alpha)
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sin{alpha) cos{alpha) 0

1] 01
l:
Wxz =]
cos{pi/2-beta) 0 -sin(pi’2-beta)
] 1 0
sin(pi/2-beta) 0 cos{pi/2-beta)
I:
Wxz inv =]
cos{pi/2-beta) (0 sin(pi/2-beta)
] 1 ]
-sin{pi/2-beta) 00 cos{py/ 2-beta)

I
W = Wxz*Wxy,
Winv = Wxy inv*Wxz inv;
assert{all{all{abs( W* Winv-eve(3)} < eps()}))):

10.1. 3 EIEERF
illum: SREEBXNEEEN
9% A HESH llum
classdef illu
properties{ Constant)
p 8 = [0 150]; % ULl 5 A0
end

end

illul.m: HEEARLIGERER
% A CHESA illul.m

font_opts = {"Vertical Alignment', 'middle’, "Horizontal Alignment', 'center’, 'FontSize', 10,
Interpreter’, "latex'}:

cloge all
hold on

47



[spher rad, focal rad. angle] = Constant.get rad angle();

p_spher = [-spher_rad*cos(angle( 1)), -spher_rad*sin{angle{ 1))]:
p spher end = [-spher rad*cos{angle(end)), -spher rad®*sin{angle(end))];
p_focal [-focal rad®cos{angle( 1)) -focal rad*sinfangle( 1))]:

p focal end = [-focal rad*cos{angle(end)), -focal rad*sin{angle(end))];
v sph = [cos(pi/2+angle( 1)), sin{pi/2+angle(1))]:

p S=illup S;

p P=|0-focal rad];

p O =[0-spher rad+20];

p_ T=[0p P2)+2*(p_Q(2)p_P2)]:

hold({"on');

% ik I

draw 2d arc focal and base{spher rad, focal rad, angle);

% FEICLIH R300

standard_distance tag{angle. p spher. p spher end, p focal. p focal end. v sph,
font_opts):

% PRICE M

plot(p S(1) p S5(2),"*K". 'MarkerSize', 14, ‘Line Width', 2);
plot(p P(1). p_P(2)."K". "MarkerSize', 22, 'LineWidth', 2);
plot(p (1), p Q(2). K, '"MarkerSize', 22, 'LineWidth', 2);
plot(p_T(1). p_T(2)," K. "MarkerSize'. 22, 'LineWidih'. 2);
plot(0.0," K", "MarkerSize". 22, 'Line Width', 2},

text(p S(1)+10, p_S(2)+30, " WA 4", font_opts{1:end-2}):
text(p S(1)+20, p 5(2), "boldmath3S8%, font opts{:})

text(p P(1)y-15. p P(2)+15 "boldmath$PS. font optsf{:i)
text(p (1)+15. p2Q(2)+15. "boldmathSQE, font optsf:})
text{p T(1)+15, p T(2)+10, "boldmath8TS', font_opts{:});
text(0+15, 0, "boldmath3CS'. font opts{:} )

% SCPQT ik
plot{[p S(1.p TiD]. [p S(2). p T(2)].--K'. "Line Width', 2}:

% W5 lag
text(p spher end(1)-40. p spher end(2)-70, JEHETR ...

48



‘Rotation’, rad2deg(angle{end-11}-pi/2), font_opis{l:iend-2}):
text(p focal end(1), p focal end(2)-25, ‘Hif'....

‘Rotation', rad2deg(angle(end-4)-pi/2), font_opts{l:end-2});
text(-160, p_T(2)+15, "W 0 i HELE, font_opts{liend-2}):

% PQ 1

plot(p P(1}+[-350 0], p P(2)+[0 0]. K 'LineWidth'. 2);

plot(p Q{1)+[-350 O], p_Q(2)+[0 0], "K', 'LineWidth®, 2);

myquiver(8,[p P{1)p (1)]-325, [p P(2) p Q(2)], "K', 'LineWidth', 2}

text({p_P(1ytp_Q(1))/2-300, (p_P(2)+p_Q(2))¥'2, "boldmath§PQ|=1._f2%'...
‘Rotation’, 90, font opts{:):

0% QT 1 LA J% 3 PLAD LR

plot(p_T(1)+[-350 300], p_T(2)+[0 0], "K' 'LineWidth', 2);

myquiver(8.[p_Q(1) p_T(1)]-325. [p_Q(2) p_T(2)]. "K' 'LineWidth', 2):

text((p_Q(1)+p_T(1)¥2-300, (p_Q(2)+p_T(2)¥2. "boldmath$|QR|=L _{2¥....
‘Rotation’, 90, font opts{: i)

plot(p_T(1)+[0 30 30], p_T(2)+[30 30 0]. "K', "LineWidth', 2); % &

O l‘l’Hl’E?ﬂJﬁ
Lf=2%p P(2)-p Q(2)):
L. = Polar.para{Lf, angle).

xangle = fzero(@(angle)abs(Polar.para(Lf, angle)® cos(angle))-150. [pi/2. angle(end)]):
xL. = Polar.para{Lf, xangle}.
p % = [-xL.*cos(xangle) -xL.*sin{xangle)]:

plot{-L.*cos{angle), -L.*sinfangle), - k. 'LineWidth', 2},
plot(p_x(1), p_x(2), "K', 'MarkerSize', 22);

plot{[p P(Dp x(1)]. [p_ P(2) p_x(2)]. "K' 'LineWidth', 2);
plot([p_x(1) p_x(1)]. [p_T(2) p_x(2)]. "K" 'LineWidth', 2},

text(p_spher_end(1)-50. p_spher_end(2)-10, ‘¥ ....

‘Rotation', rad2deg{angle{end-14)-pi/2), font opis{liend-2}).
title("boldmathSyv="frac{x"2} {21 {}-frac{L }{2}-(1-0.446)RS" ‘Interpreter’, Tlatex'):
textip x(1), p T(2)=13, "boldmathSx=300/2%" font opis{:})
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%o
axis('equal');
9% ylim([-525. 200]):
set{gea, 'Visible', "off'):
stvle( ' foniname'),
fastprint(' B} /problop B LAEER HHGENER"):
function draw 2d arc focal and base(spher rad, focal rad. angle)
% HLHEF
plot(-spher_rad*cos(angle),-spher rad*sin(angle). 'kK'. 'LineWidth', 27
% T EIN
plot{-focal rad*cos(angle).-focal rad*sinfangle). 'K, "Line Width', 2);
end

function standard distance tag(angle, p_spher, p_spher _end, p focal, ~, v _sph. font_opts)

% el
plot(p_spher(1}+[0 50%v_sph{1)]. p_spher{2)}+[0 50%v_sph{2}]. "K', 'Line Width", 2)
plot{p focal{1)+[0 30%v sph{1}]. p focal{2}+[0 30%v sph(2)]. "K' 'LineWidth', 2};

myquiver($,|p spher(1) p focal{1)]+25%v sph{l), [p spher(2)
p_focal(2)]+25*v sph({2). K, "LineWidth'. 2},
textf...

(p_spher(1)+p_focal(1)+80%v sph(1))/2. ...
(p_spher(2)+p focal(2)+80*v sph(2))/2....
"boldmathSF=0.466R%, font_opts{:}. Rotation’, radZdeg(angle{ 1))}

% Ak
plot{p spher{1}+100%[0 v sph{1}]. p spher{2)+100*%[0 v sph(2)]. "K', ‘LineWidth', 2);
plot( 0+100%[0 v_sph{1)]. 0+ 100%[0 v _sph(2)]. "K', 'LineWidil',

)
myquiver(13,[p spher{l} 0]+75%v sph(l). [p spher(2) 0]+75%v sph{2), "K.
LineWidth', 2
textf...
(p spher(1)+0+1280%y sph(1))/2, ...
(p_spher(2)-+)+180%v_sph(2))/2. ...
"holdmathSRE=300. 4 mathrm {m } %', font opis{:}. 'Rotation’, rad2degiangle{ 1))

%% D=500m
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myquiver(20,[-250 250]. [-450 -450)."K 'LineWidth', 2);
plot([-250 p_spher(1}]. [-460 p_spher end({2))."k', "Line Width', 2);
plot([ 250 p_spher end(1)]. [-460 p spher end(2)]."k" 'LineWidth'. 2);
text((, -440, "boldmathSD=500'mathrm{m}3'. font opis{:})
end
function myquiver{r.x,v,varargin)
rad = atan2(y(1}-¥(2), x(1)-x(2));
rad = [rad+deg2rad(30), rad-deg2rad(30)]:
plot(x.v.varargin{:}
L= sqet( (e 1)-x(2))* (e 1= x(2)Hv(1=y (20" (v (D)=-v(2)) .
plot(x(1)-[0.L]*cos{rad( 1)Ly ( 1)-]0.1]*sin{rad{ 1 }). varargin { : } )z
plot(x(1)-]0.L]*cos(rad( 2) Ly ( 1)-]0.L]*sin{rad{ 2}). varargin { : } )
plot(x(2)+[0.L]*cos(rad(1)).y(2)+[0.L] *sin(rad(1 )).varargin{: } )
plot(x(2)+[0.L]*cos{rad(2).3( 2+ 0. L] *sin{rad{2)), vararging: } )
end

illu2.m: $IEHRLFRER
% FHES illulm
%o {9 e
fom opts = {"VerticalAlignment'. ‘middle’, 'Horizontal Alignment', 'center’, 'FoniSize', 18,
Interpreter’, "latex'}:
close all
[spher_rad, focal rad. angle] = Constant.get rad angle();
p.S=[pi2illup S(2)]:
p P=|-pi/2 focal rad]:
p O =[-p/2 spher rad-20];
p_T=[-pi’2 p_P(2)+2*(p_Q(2)-p_P(2))]:
% ZLEF
polarplot{angle+pizangle. #*0+spher. rad. 'k 'Line Widih', 2);
hold("on');
% fH i 50
polarplot{angle +pi.angle. #*0+focal rad. 'K\ 'LineWidth', 2);
% fRidE R
polarplot(p S(1) p S(2),*kK', 'MarkerSize', 14, 'LineWidih', 2);
polarplot(p P(1). p_P(2)."K'. 'MarkerSize', 22, 'LineWidth', 2);
polarplot(p Q(1), p Q(2)."K', "MarkerSize', 22, 'LineWidth', 2);
polarplot{p T(1), p_T(2).\K. 'MarkerSize¢'. 22, 'LineWidih'. 2);

51



polarplot{0,0."K, '"MarkerSize', 22, 'LineWidth', 2);

text(p S{1»0.20, p 5(2). "boldmath3S%, font opts{:})

text(p P(1)+0.12, p_P(2)-18. "boldmath3P¥’". font_opts{:})

text(p OQ{1)+0.08, p ((2)-23. "boldmath30%, font opts{:});

text(p T(1)+0.06, p_T(2)-18, "boldmathSTS', font_opts{:}):

text(0.15, =30, "boldmathSCS', font opts{:});

% SCPQT P ik

polarplot{[p S(1). p T(1}]. [p_S(2) p T(2)].--K, 'LineWidth', 2):

% Sk

Lf = 2%(p Q(2)-p_P(2)):

L = Polarpara(LL. angle),

xangle = fzero(i@(angle)abs(Polarpara(Lf.  angle)*cos(angle))-150.  [pi/2#1.01,
angle(end)|)y

xL. = Palar.para(Lf, xangle);

theta = linspace(-xangle, xangle-pi. 150},

r = Polar.para(Lf, theta+pi);

r(2:2:end) = spher_rad;

polarplot{reshape(theta.2.[]). reshape(r.2.[]). -k linewidih'. 2, ‘color’, [0.7, 0.7, 0.7]%

polarplot([0 0. [0 p T(2)]. k" linewidth’, 2);

polarplot{linspace(0.-xangle+pi. 100). repmat(60, 1, 100}, k' linewidih’, 2);

text((-xangle-+pi) 2-0.03, 90, "boldmathS'.omegas', font opts{:})

polarplot(angle-+pi, L, - K. 'LineWidth', 2):

polarplot{xangle+pi, xL, "K', 'MarkerSize', 22,

polarplot(-xangle, xL, "K', "MarkerSize', 22,

polarplot{-|xangle xangle], [-p_S{2) spher_rad]. "K', 'linewidth’, 2):

polarplot{[xangle xangle|+pi, [-p S(2) spher rad], "K', 'linewidth'. 2%

% polarplot(-p_x(1). p_x(2). 'K, 'MarkerSize', 22}

set{gea RAxIsLocation’ (),
rlim([0, p T(2)])%

% HEdskR

style{"fonisize’, "fontname');

fastprint(' B Fi/prob 1.7+ % B 2. 82445 F 1Y omega 1 53R @4 W] % 25 T 8 4y:

style.m: JHERSE—XFXIAFH
% ARLMEA stylem

function style{varargin)
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for v = varargin

end

fastpri

switch lower{char(v))
case Tontsize'
set(geal), ‘Tontsize'. 22);
case "Tontname'
set{gea(), 'Tontname', "times new roman'};
end

end

nt.m: W 5EERT

%% AR 4 fastprintm

function r = fastprint(filename)

assert(isequal{class{filename).'char’y || (isequal{class(filename).'string’) & &
isscalar(filename)))
if isstring(filename )
filename = char(filename);
end
if numel(filename) >= 4 && sequal(filename(end-3:end),’ png")
filename = filename(1:end-4);
end
filename = [filename,’ ' datestr{now(),'vyyv.mm.dd. HH MM").' png'];
print('-dpng’,"-r300".filename});
disp(filename);
r = (@ svstem(['open "filename]):
end
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