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ZHGFR  do(mm)  xzo(mm)  yo(mm) U

IS 2 -8 10 1.5
HEMH 5.0693  -8.0188 10.3614 1.4938
Z=1E -0.0693  0.0188  -0.3614 0.0062

TR T IRIRZEDN 0.0191rad, AHLLME ARV, SHhsE IR ZA TR, H
SRR /INEITE B N o DRI IRATAT BATS 4518, e TR T IS A e/ — SR AT BR 8K
WE, BATRSE B A B, (BB SR W Z s NRTIR T, ARE R RIS
HA Ve, SRR A IR ZE ML) o

7.3 BITRITREERR
—RORYE, BRI B T LA FE R AN SR
o B S TN T,
o B R ARFAE BT AT DA H T3 0 A A i K

BN CT b3 FE 4K “ kB (head phantom), HHtEL & 2 MR TR, XAEES
bk A B REAE T SO SO RIAR ORI OE S [17 1B, MR 2R — 1) P s SR A )
o, RILEAREFCE L MR — AN TR, AR R R R E TEASR R R AF . i HL
FESR M RE P IS TE A IR B A LR & o B IS BTHE bR @ AR T s, [
PR R 73 BT A R 449 79 11,0000

15



W n R(xo,ys) &\
/\L ] NN N
D S o
&,ﬂ - ,\\%? TR
P
o
do
21: b E U = B B 22: Fibr g B LA s =

7.3.1 FREEBIRENTL

51 b e A AR R SRR, PR AT A AR Lo AR B S A, /0N [ BB
O HBEL o 3, AR IR ST BT o BT R0 y Bl NP E AR R FICE R
N 5mm BNEDY C1, RECH C2. Hh# CT RGO h5 A Rz, yo), TRINES
VIS o B AN ¢, MHRNDEIR S o« HIEFBRAN 0 = ¢ + n/2, Hl&H 05l
B rpr O AE RN G- T _E RO HRE IR RS do

5L, PRI ES AR BB ) 2 o i B DX ) S A IR AR 50 o % T 4300
LA NRIT, WOZ AR R ARG B IEEON do S RERIST R E L TR
N:

y = tan(®) x (= —z0) +v0 = g

He d = dy — (256.5 — i) x Ads
FaclE C1 2N Ry = dmm, HIFAGHN (o1, yc1), C2 BIEAEN Ry = 10mm, H
‘D‘j\j (chg,ycg)o ﬁﬁﬁl?{%@%%ﬁggj‘%é}tﬂWBJZﬁj‘j

_ o (=yo1 +tan(0) X xc1 + yo — d/cos(0))?
I =2x \/max(O, Ry Dt (6) )

(—ycoo + tan(0) X zoo + yo — d/cos(6))?
lg =2 x \/max(O,Rg— 1+ tan?(d) )

FIRHES @ SR &R AL I EE N

p=p(ly +12)

73.2 MRESHHVISMHIT

AR bR e RE T, WA AL FIREERHIE. Rt hrEmid RS, HiE
i BAT B2 LT RAE R R, R LE BT (8 B R O As AR o TR, Sl i B,
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USRS Y foe /N IR AT AL, b A — AR, JUTRAEAE I &, W)
R BRI ERER . ErEDha =B, WIS R&Etad ), RKigd e+
THER . WG BRI AN BVE AR, XFERETE 0 AR LTk R TR S 2o, yo IR
BOH, SCREER/N —IRIERSR AP B PR

A LR AR PRI 25 O PRINAEL, RERBOZ I AR SRS 5 o SR A ¢,
BETTAESE G T e rhts Ry BUXHRE do B0{H. BT PFraeab B a0 Bdls s s, JF Bl
TARAERIRZE, TR AGRNZEENE —ERiRE. M5 EER LA THER N
PIURME, 5B M /s —RE S B AT SR AR, DASE R TR E XA e 2 Kt
(N

a

3,

R(Xa,y0) e P
-
—7
A 2

cr

—

Q2

FgER R AL’

_]_- RMEL

do
B 23: SR fele b BN = K

BT CT — WX TAENER: I FELE 180° i47, 42 CT #RMBIMIZE 1 AN A EEFIEE 180 /4
R PR B AR B . DRI NS R, C1, C2 8 CT TAERESE I NMAE T
PIE AR B B, C1V 5 C2 i ekt 180° 2o A B AR XA B /n i B o BhA AT
A PLE CT IR LA S HRE C1, 02, C1, C2 % HIRCAEERI 2% F kX
PE o RYHACEHISALERN i1, dar i) ihe WHAOXIFR, TAER 0 R EHRNEE 11
AN BT S

oge 21—1—221—2’1—}—2’2

[FIBT AT HE R fEPRIIAR F A3 S ERINER 0 (58 256 558 257 AN RSk Z A A7

B RS I AUME

do = (256.5 — ip) x Ad

Brubzsh, BTk 015 02 FGISEbrKE. BEKESTTH, HB BN
HRTRIMEE S« JhK A ¢ A THEN:

¢ = arcsin <(R101 _ R201)Ad>

C1Cy

FREEREE 90 41 CT WLINELHE, oA BRI 28 AH X TR 46 7 B i &g % 17 K29 90°, i
THARRE R O A CLH C2 Wb, MEZAEE] O ERNE LA E R io. M
F HD = (ir —ip) x Ad RiFHZE 1 LAIZE 90 2 R AF O SIS EER HD 5 H'D'
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H T AR VeSS F R 90°, AT LIAF 3] OR WK% |OR| = VHD? + H'D"?. [Ali o] A7 3
/ROD = arctan(HD/H'D"). W1 OR 5 x ¥l )R fMH 0r = ¢ + 7/2— LROD, N R4
A

xo = |OR| x cos(0r),yo = |OR)| x sin(0g)

BRI dov HD FIEG SR T5 ), HA Bl R 9less oty AR5 o Ik

733 wm/NZFESEML

FIFH B ibr e ik, WIESE xo, yo, dos 0, DUSARIZE LAREIALE 4. CT
WINFFIEE j A (1< j <180), AIME—MiE —MNEAE pijo 1CILFRI I E A
poijs MIAERGEMIFE N {20 yo do 0 }» ZECHE AT T SR 4E Kbl 1 I 22 9 -

512
SSE; =Y (pi — poi))”
=1
ST 180 M RE 0, Helkk 25 P77 FIZE T
180 180 512
SSE = ZSSEJ B ZZ(J%’ - poij))?
g=il 7=l

WU AR IR -
min. SSE(zg,yo,do, 01x180)

WIS (v R A A — 1> 183 AR IR Lt A Al (e . o T B R, e S PRk i
Hra] LSe 5 B REALR B 18 4 j i, S 2o, yo, do HIME, XSRS SME j, SKAEXT N 6
1B

CAP LI

1. BEWLIEEL 18 A CT gy m. wHIE C1, 02 MRS, HEIX 18 N L 6,
1H.

2. EHUCE 1. 55 90, 5 180 ANJ7 1Al EEdE, 1HEIE C1, C2 R, R zo . yo o
do E‘J'fﬁﬁ‘{ﬁ Loe » Yoer dOe

3. BMETHE 2oe » yoer doe BALZ 18 4> 0. TEONWIME, F MATLAB AR T A
FERPZ B R AT R, FEURAAE 20 5 yo » doo

4. K xzo» yo, do WAEEN SSEjo XM RIS 0 b2 ohsfiA8E, NN TRE CT R4
MR X 2R 180 ANJ7 1), FREAT 180 YR HAR B ARLR M RIRI, RIFT13 3T A
A
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7.3.4  FFERITEMN

SRRV R BT, 4B 20 » yo » do LAJ 180 /N 0 H, MIfATLATHE
H—A 512180 M FLAEAEFE poo FFHH _LIRFVERK 20 5 yo » do VAK 0 FIMH.

FETMEFE IR R, 78 [—15,15] WEENLEE 20 » yo, 7 [—2,2] WBENLEEL do. EH
FEE 0 8 —60,—59, —58...28,29 (HLAL: B, RMEHLW NRMR, &E—518 0,
Yo, do BIFHXTRZEFIME

*® 8 A SIS KSR R ZE T P (K

Zo Yo do x|, o dj error

3.8724  —9.1262  1.9190  3.8724  —9.1262  1.9190  1.5407 x 10~°
—6.2910  15.9300 —1.3115 —6.2910  15.9300 —1.3115 6.3544 x 107
12.2357  —7.3452  0.0714  12.2357  —7.3452  0.0714 0.2865 x 10710
13.5689  —1.9048  1.6983  13.5689  —1.9048  1.6983  2.4923 x 10~
9.4854 1.4631  —1.8680  9.4854 1.4631  —1.8680 0.4155 x 1077
4.1775 8.2032 1.3575  4.1775 8.2032 1.3575  0.8742 x 10~8
14.4733 23642  —1.5155 14.4733 23642 —1.5155 7.4111 x 10~*
4.5589 7.2806 1.4863  4.5589 7.2806 1.4863  6.2535 x 107
—10.3575 —12.0042 0.7845 —10.3575 —12.0042 0.7845  2.8539 x 107
—2.1283  13.7360 —1.3110 —2.1283  13.7360 —1.3110 8.552 x 10~

RO RFIEIMAE 0, HARZEWIIE 1 x 1073 L. ATLLER], 7EBAE RS RIENT,
AR IRIF AR CT XA S%. JEHLES, ZHEAERIFmEEM, Xtz
s yo M do FIZRACABURK, YIRER HBHER IME -

4 po HAE O BB IIAIIME N 0, TR 0.2 (IESDATRER, E5E zo, yo M dy
FIE A (=10, —10,1), 4 KIPIGE -180° 28 5] 180°, AFRIILL 3° NEKE, ABHL 20
H, TR AR S 2o FIAERHR ZE

Kl 24: 2o FIXHRZE R E B
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AL 60% (A EEF, o AHRHRZE/NT 0.5%. EVIEE TR E N-41° I, MIXHRZE
N KAE 3.78%. 250 HT, RZEIKF 3.78% I JE IR Al A 28 14 A R it Fes N J53 3 B AL
XIS B PR RIGATE, 8 AUR K EEAR SR AR, AT UK S A AR ZE 45 /N B
0.13%.

gr b, bR R R B R B A BRI AR e MEAR .

8 BRENERL

AR CT B2 R B &, AP S 52 JU AR S 1 IR M) 5 e R 3 iy, ¢
HHR R 7 2R S e S, 6T R A RS T R GE R, ESE DY b, AR
AT TR SREMER T, FRERE T H AR E R,

8.1 #EAUfS

bR SR R, RERESR, SRR B

2. s alE HESE S B RUR BGUAR T BT R R, BON AT 784

3. P JUATHFAE, 45T St br e AR 1 LS, 2 HUBT bR @ A B JE 3R AT IR, 45 A

I
8.2 #HARE

1. R¥ESCHEES LMK

2. ART HykgE Rk, HILRAEMEIUE ] E S b, AT oodk DA o s
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Appendices

1 AENE

K 9: X BF2R 180 N E Y5 x Fh1E 7] S £

-60.3465 -58.9927 -58.4392 -57.3520 -56.3152 -55.3470 -54.3514 -53.3492 -52.3488
-51.3451 -50.3459  -49.3468 -48.3491 -47.3514 -46.3465 -452003 -44.3505 -43.3528
-42.3490  -41.3496 -40.3502 -39.3516 -38.3537 -37.3564 -36.3487 -35.3504 -34.3550
-33.3521 -32.3497 -31.3434 -30.3517 -29.4518 -28.3523 -27.3519 -26.3522 -25.3505
-24.3534  -23.3539 -22.3525 -21.3523 -20.3545 -19.3512 -18.3533  -17.3460 -16.3515
-15.3551 -14.3528 -13.3536 -12.3510 -11.3514 -10.3534 -93519  -8.3544  -7.3513

-6.3511 -5.3563 -4.3532  -3.3533 -2.3518 -1.3552  -0.3528 0.6485 1.6469

2.6491 3.6442 4.6463 5.6470 6.6474 7.6470 8.6470 9.6470 10.6464
11.6467  12.6453  13.6469  14.6464 15.6463  16.6470  17.6441 18.6472  19.6452
20.6401  21.6465  22.6456  23.6455  24.6437  25.6467  26.6464  27.4426  28.6382
29.6437  30.6430 31.6476  32.6464  33.6388  34.6354  35.6369  36.6402  37.6348
38.6486  39.6403  40.6483  41.7423  42.6412 43.6367 44.6465  45.6403  46.6434
47.6447  48.6415 49.6479  50.6345  51.6392  52.6407  53.6385  54.6389  55.6372
56.6406  57.6412  58.6400 59.6404  60.6383  61.6404  62.6391  63.6405  64.6410
65.6377  66.6402  67.6469  68.6412  69.6404  70.6393  71.6403  72.6376  73.6369
74.6443  75.6328  76.6349  77.6383  78.6411  79.6428  80.6359  81.6393  82.6369
83.6399  84.6396  85.6400 86.6386  87.6434 = 88.6498  89.6660  90.6600  91.6689
92.6587  93.6596  94.6600 95.6580  96.6564  97.6565  98.6586  99.6548  100.6550
101.6541 102.6540 103.6547 104.6514 105.6532 106.6534 107.6540 108.6540 109.6541
110.6539 111.6530 112.6529 113.6530 114.6524 115.6399 116.6461 117.6509 118.6439

2 Bl — KRR

% solve questionl
load fujian
[ allArgu ,mdl 1,mdl 2,mdlphi,mdl 3] = calibArgu(fujian2);

3 [EE—IARRE R

function [ allArgu ,mdl 1,mdl 3] = calibArgu( data )

%% generate the oringn data
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% load betal
iangle = 1:180;
inum = length(iangle);
for i = l:inum
xx(1*512-511:1*512,1)
xx(1*512-511:1*512,2)

1:512;

i;

end

yy = reshape(data(:,iangle),[512*inum,1]);

%o first try
tic
do = 0
x0 = 0 ;
yoO = 0
mu = 1
phi0 = deg2rad(1:180);
b0 = [d0,x0,y0,mu, phiO ];
% initial

%b0(5:end) = phi_ii;
opts = statset(’TolFun’,le—5);
mdl 1 = fitnlm (xx,yy, @detect ,b0, ’Options’ ,opts);
beta = mdl 1. Coefficients.Estimate;
toc
beta(5:end) = mod(beta(5:end),2* pi);

subplot(2,2,1),plot(beta(5:end));

%% smoooth angle

phii = beta(5:end);

phii = smooth(phii,50, rlowess’);

% plot (1:180,phii , 1:180,phii)

subplot(2,2,2),plot(phii);

%% solve other para

global phiN;

phiN = phii;

b0 = beta(1:4);

mdl 2 = fitnlm (xx,yy, @detectArg ,b0,  Options’,opts);

arg0 = mdl 2. Coefficients.Estimate;

%% solve single angle

global betai;
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betai = arg0;

xphi = 1:512;

phiNew = zeros(1,180);

1:180

yphi = data(:,iphi);

mdlphi = fitnlm (xphi,yphi, @detectAngle , phii(iphi));
phiNew (iphi) = mdlphi. Coefficients.Estimate;

for iphi

end
subplot(2.,2,3),plot(phiNew);

%% resolve all argu
b0 = [arg0’,phiNew |;
% initial
%b0(5:end) = phi_ii;
opts = statset(’TolFun’,le—5);

mdl 3 = fitnlm (xx,yy, @detect ,b0,’Options’ ,opts);
betaf = mdl 3. Coefficients.Estimate ;
toc

allArgu = betaf;
subplot(2,2,4),plot(betaf(5:end));

%% error

end

4 NLM &3

function Y=NLM(X)
%5*5
h=0.5;
XX=reshape(X,256,256);
YY=XX;
for m=5:252
for n=5:252
S=0;
D=0;
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V0=XX(m—2:m+2 ,n—2:n+2);
for i=-2:2
for j=-2:2
V=XX(mti —2mt+i+2,n+j —2:n+j +2);
u=sum (sum ((V-V0).”72),2);
S=S+exp(—u/h” 2)*XX(m+i ,n+j);
D=D+exp(—u/h"2);
end ;
end ;
YY(m,n)=S/D;
end ;
end;
Y=reshape(YY,65536,1);

end

.5 FBP &%

L =512;
width = 2”nextpow2(size(R,1));

%fft
p_ fft

fft (R, width);

% Ramp filter function from 0 to width then to 0
filt = 2*[0:(width/2—-1), width/2:—1:1]"/width;
p_filt = zeros(width,180);
for i = 1:180

p filt(:,1) = p fft(:,1).* filt;

end

%ifft
p_ifft = real(ifft(p filt));

Y%back—projection

fbp = zeros(L);

for i = 1:180
rad = deg2rad (THETA(i));
for x = (—L/2+1):L/2
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for y (=L/2+1):L/2
t = round(x*cos(rad+pi/2)+y*sin(rad+pi/2));
fobp (x+L/2 ,y+L/2)=fbp (x+L/2,y+L/2) + p_ifft( max(l, min(t+round

end
end

end
fbp = fbp/180;

fop=fbp (76:436,76:436);
fbp=imresize (fbp ,[256 ,256]);
fbp=max (0, fbp );

imshow (fbp), title (’FBP’)

.6 ART &
function X=ART F(P,THETA, delta ,d0,x0,y0)

tic;

1=92160;
lambda=0.25;
X=zeros (65536,1);
MAX ITER=5;

for k=1:MAX ITER
for i=1:1
R=weightjudge (i ,THETA, delta ,d0,x0,y0);
if sum(R)~=0
X=X+lambda *(P(1)—R*X)/(R*R’)*R’;
X=max(X,0);
end ;
end ;
X=NIM(NLM(X) ) ;
Yimshow (reshape (X,256,256));
end ;
toc ;

end

function R=weightjudge (i ,THETA, delta ,d0,x0,y0)
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n=mod(i —1,512)+1;
t=floor ((i—1)/512)+1;
theta=THETA(t);

R=zeros (256,256);
d=(n—-256.5)*delta+do0;
if d>=—50&&d<50
R(:,floor (256*d/100)+129)=1;
R=imrotate (R, theta , crop’);
end ;
R=reshape(R,1,65536);

end

T BB ERRE M

% assigned the standard arguments

% get the detect data

iangle = 1:180;

inum = length (iangle);

for i = 1:inum
xx(1*512-511:1*512,1)
xx(1*512-511:1*%512,2)

1s512z

Il
.

end

do = 5;

mu = 1.5;

x0 = —8; y0O = 10;

phi0 = deg2rad ((1:180));
%Res = zeros (512, 180);

b = [d0,x0,y0,mu, phiO |;

Res = detect(b,xx);

Res = reshape(Res,[512,180]);
%subplot (1,2,1)

imagesc(Res),

% Res = Res + 100*(rand(512,180)—0.5);
%subplot(1,2,2),imagesc(Res),
% saveas (gcf, 'zaoyin3 .png’)
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figure
[ allArgu ,mdl 1,mdl 3] = calibArgu(Res);

%0
phil = allArgu(5:end) ’;

err = sqrt(sum((phil—phi0).”*2)/179)
stem (phil —phi0)

8 BRI BEERTES TR
FARACHS LS HE AR

function [var, thisData, data] = fitRotation (input)
SampleNum = 18;
load Res;
data = Res(:, (1:10:180) );

x0

yO0
d0 = input(3);

input(1);

input(2);

phi = input(4:4+SampleNum—1);

phi = deg2rad(phi + 180*ones (1, SampleNum));
thisData = zeros(512 ,SampleNum);

mu = 1.7725;

R1 = 5;

R2 = 10;

R3 = 5;

for iPhi = 1 : SampleNum

for n = 1 ¢ 512
theta = phi(iPhi);
d =d0 — 0.2768 * (256.5 — n);
thisData(n, iPhi) = 2 * mu * (sqrt(max(0, R1*2 —...
(tan(theta) * (—30) —x0 * tan(theta) + y0 —
d/cos(theta))”2 / (l+tan(theta)”2)))+...
sqrt (max(0, R27"2 — (tan(theta) * (30) —x0 * tan(theta)
+ y0 — d/cos(theta))*2 / (1+tan(theta)"2))));

end

end
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var =

end

R2 start = 1;
R1 start 1;
%% First Frame

for R2 start = 1

sum(sum(( thisData — data).”2));

512 — 71
if min(Res(R2 start:R2 start + 71 — 1,
min(Res(R2 start:R2 start + 73 — 1,

H>0) =1/
1) >0) =1

break;
end
end
for R1 _last = 512 -1 35
if (min(Res(R1 last — 35 + 1: R1 last, 1) >0 ) =1 ||
min(Res(R1 last —37+ 1:R1 last, 1) >0 ) == 1)...
&& min(Res(R1 last — 38 + 1: R1 last, 1) >0 ) == 0
&&min(Res(R1 _last — 35+ 1: R1 _last + 1, 1) >0 ) == 0
break ;
end
end
R1 ¢l = R1 _last — 18;
R2 ¢l = R2 start + 36;
phi0 = rad2deg(asin((R1 cl — R2 ¢1)*0.2768/60));
%% Second Frame
for R2 start = 1 512 — 71
if min(Res(R2 start:R2 start + 71 — 1, 180) > 0 ) == 1

|| min(Res(R2 start:R2 start + 73 — 1,

break ;
end
end
512 —1

for R1 _last =

if (min(Res(R1 _last — 35 + 1:
|| min(Res(R1 last —37+ 1:R1_last,
&& min(Res(R1 last — 38 + 1:

180) > 0 ) == 1

35
R1 last, 180) > 0 ) ==
180) >0 ) == 1)...
R1 _last, 180) > 0 )
== (0 &&min(Res(R1 last — 35+ 1: R1 last + 1, 180) > 0

28



break;

end
end
R1 ¢2 = R1_last — 18;
R2 ¢2 = R2 start + 36;

Rp= (Rl ¢l + R2 ¢l + Rl ¢2 + R2 ¢c2) / 4;
dl = (R1 cl + R2 ¢2)/ 2;

%06 Third Frame

for R2 start =1 : 512 — 71

if min(Res(R2 start:R2 start + 71 — 1, 90) > 0 ) == 1
|| min(Res(R2 start:R2 start + 73 — 1, 90) > 0 ) == 1
break;
end
end
for R1 last = 512 : —1 : 35
if (min(Res(R1 last — 35 + 1: R1 last, 90) > 0 ) == 1
|| min(Res(R1 last —37+ 1:R1 last, 90) > 0 ) == 1)...

&& min(Res(R1 _last — 38 + 1: R1 _last, 90) > 0 )
== 0 &&min(Res(R1 _last — 35+ 1: R1 _last + 1, 90) > 0 )
break ;
end

end

R1 ¢3 = R1_last — 18;
R2 ¢3 R2 start + 36;

01 (R1 ¢l + R2 ¢cl1)/2; % A0

02 (R1 ¢c2 + R2 ¢2)/2;

O3 = (R1 _¢3 + R2 ¢3)/2;

Rp= (Rl ¢l + R2 ¢l + Rl ¢2 + R2 ¢c2) / 4;

Rr = 0.2768 * sqrt((O1 — R p)*2 + (O3 — R p)"2);
R theta0 = 180 + rad2deg(atan((Ol1 — R p) / (O3 — R p)));

29



R theta = phi0 — R _thetaO;
phi0 = phiO;

x0 = R r * cos(deg2rad(R_theta));
yO = R r * sin(deg2rad(R_theta));

do = 256 — R p;

x _init = [ x0, y0, dO, phi0O:10:phi0O+10*17];

A= 1]
b =11
Aeq = [];
beq = [];
Ib = [];
ub = [];

nonlcon = [];

options = optimoptions (’fmincon’,’Display’, iter’

>Algorithm’,’sqp’, ’MaxFunEvals’,15000,

% phi

R1 = 5;

R2 = 10;

R3 = 5;

do = 1;

mu = 1.7725;

x0 = —0; y0O = 6;

phi = deg2rad((—30:149) + 180*ones(1,

Res = zeros (512, 180);
for iPhi =1 : 180
for n =1 : 512
theta = phi(iPhi);

d = do — 0.2768 * (256.5 — n);

>TolFun’

9 0o e

, 1.000000e—-10);

180) + rand(1, 180));

Res(n, iPhi) = 2 * mu * (sqrt(max(0, RI"2 —
(tan(theta) * (—30) —x0 * tan(theta) + y0 — d/cos(theta))”2

/ (I+tan(theta)"2)))—+...

sqrt (max(0, R272 — (tan(theta) * (30) —x0 * tan(theta)
+ y0 — d/cos(theta))*2 / (l+tan(theta)”2))));

end

end



index = find (Res>0);
Res(index) = Res(index) + 0.01;%normrnd (0, 0.1, [length(index), 1]);

save(’Res.mat’, ’Res’)
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