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Performance Evaluation of the Developed Diagnostic Multi-Leaf Collimator and
Implementation of Fusion Image of X-ray Image and Infrared Thermography Image

Soon-Mu Kwon"-Jae-Goo Shim"-Kwon-Su Chon?

Y Department of Radiolgic Technology, Daegu Health College
? Department of Radiolgical Science, Catholic University of Daegu

Abstract We have developed and applied a diagnostic Multi-Leaf Collimator (MLC) to optimized the X-ray field in medi-
cal imaging and the usefulness evaluated through the fusion of infrared image and X-ray image acquired by infrared
camera, The hand and skull radiography with multi-leaf collimator(MLC) showed significant area dose reductions of 22.9%
and 31.3% compared to ARC and leakage dose was compliant with KS A 4732, Also scattering doses of 50 cm and 100
cm showed a significant decrease to confirm the usefulness of MLC, It was confirmed that the fusion of infrared images
with an adjustable degree of transparency was possible in the X-ray images. Therefore, fusion of anatomical information
with physiological convergence is expected to contribute and improvement of diagnostic ability. In addition, the feasibility
of convergence X-ray imaging and DITI devices and the possibility of driving MLC with infrared images were confirmed.

Key Words : Multi-Leaf Collimator, Medical Image Fusion, Digital Infrared Thermal Imaging, Scattered Radiation Dose,
Dose Area Product
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Fig. 2. (A) IR camera and terminal used in the experiment,
(B) Setup for spatial scatter dose measurement,

&, FR AbAAl A ARCSF MLCE 2§30 W
H ARl A 8}% 22702 DAPE ZAskict
(Table 1), X4 °
N ISP 3] RS b, Bl MLCols
7} LeafZ Ql9jd oz £2|o] o] ZAJoES A5}
. ARCx= Z{tig dof MLCERE x_ }om 3;;45

_I}ﬂ.l k1 r{r

Hyp Ao s SA5KIT. %S 0~ 360°77P7\]
45° 7HA© 2 50cm A 871 A, 100 cm AT Q] 87 A
ol A EAskalet, 42 0°, 45° 135°, 180°9A4] 50
cm A 47 A4, 100 cm A E] 471 Aol S5+
CHFig, 2). BS8 FAle] 5719) ROIE AAsha TAghe
H|u- 37} SkQItHFig. 3).

Fig. 3. ROl settings on radiographs of hands and skull
with MLC and ARC,
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Table 1, Experimental conditions for dose area product measurement

Region Tube Voltage(kV) Tube current(mA) Exposure time(sec) Distance(cm)
Hand 48 100 0.045 120
Skull 75 320 0.071 120

Table 2, Experimental conditions for leakage radiation dose measurement

Collimator Tube Voltage(kV) Tube current(mA) Exposure time(sec) Distance(cm)
60 100 0.05 100
ARC
80 200 0.05 100
MLC
100 200 0.05 100
AU, AR, S S99 e 531 5 Syslel ARCS vlasiel 22,9 folth WA U
% FagoR £ 2uolEe] 45 w7t slelh. 5 ReltHTable 9. T HAAE 45,32 pGy w'R &
AR XA W19 F4l) Survey Detectorg $IAIAIZ] A=|o] ARCE} vl 31.3%9] 523t WAARF ATt
< Z9HolEE &ds] 2al SAsIAtHTable 2). Hd B E ATHp0.05).

A3t= SPSS 21(SPSS Inc., Chicago, IL)Z ¢—test ¥
ANOVA BAo 2 818 4 o] 0.05013k2l A% folatt
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Table 3, Results of measuring DAP by applying ARC and MLC

AqAste] 243 WA 7ES 80|15} 2= 9]

FAATS 243 ATN(Table 4), 34 60, 70, 80
kVpolAl MLC+ 1,18, 3,92, 7.85 uR/s% 4 %o ARCE}
Hlasto] FAA 0= {23k HakE HFIt(p(0.05). ARC
9} MLCE #8353t & =X v AR} At 571¢] ROIS
o SItH(Table 5). &
Agke o)zt 919)

WEEA] = A

A-8et A, T
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ATHTable 6). =%

DAP ARC(Gy-mP) LMC(xGy - m?) pvalue
Hand PA projection 3.5810.06 2.76£0.05 0.000
Skull AP projection 05.9740.09 45.3240.15 0.000
Abdomen AP projection 117.5340.12 107.37+0.13 0.000
Table 4, Results of measuring leakage radiation dose by applying ARC and MLC

Collimator KVp ARC(¢R/s) MLC(#R/s) pvalue
60 0.003%0.001 1.13£0.062 0.000

ARC
MG 80 0.0230.003 3.9240.168 0.000
100 1.361£0.118 7.8510.365 0.000
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Table 5, Results of measuring pixel value by applying ARC and MLC

Paint ARC LMC pvalue

1 2475.4%15.0 241291257 0.000

2 112324218 1106,4%10.0 0.040

Hand PA projection 3 1570.9%+16.3 1557.24+20.2 0.112
4 2231,9£25.2 2192,2+20.7 0.001

5 1569.5+11.1 1511.0+64.2 0.011

1 931.7%17.0 911,928 4 0.075

2 1130.1£70.0 1048.4£31.0 0.003

Skull AP projection 3 817.4%+11.1 784.7%10.0 0.000
4 3013.5%9.2 2806,0125.5 0.000

5 1251,5+13.0 1107.8%7.1 0.000

Table 6, Scattered radiation dose distribution of hand and skull projection by ARC and MLC

Scattered Hand PA projection Skull AP projection
dose ARC(xSv/h) MLC(Sv/h) o-value ARC(Sv/h) MLC(Sv/h) o-value
1 21.29+3.22 19.62+1.93 0.350 194.88+5.00 168.70+4.73 0.000
2 25.93+1.54 18.82+1.77 0.000 185.03%1.13 162.58+3.36 0.000
3 21.28+1.97 18.74%+1.33 0.044 189.38+5.26 150,52+1.89 0.000
4 2510384 20.1242.10 0.034 178.83+3.66 163.5013,58 0.000
5 26.58%2.7 23.5042.64 0.115 200,0814,32 159.78+3.64 0.000
6 25.76+3.13 19.87+0.68 0.003 207.0016,84 182.76+5.37 0.000
7 28.11£5,15 26.79+1.03 0.589 217.73%6.01 201,38+6,27 0.002
Horizontal 8 3114425 28164221 0.080 212,48%6.40 165.4843.83 0.000
if;f 9 6,460, 74 6.27£0.59 0.668 31.85+1.97 29.52+1.73 0.113
10 6.01+0.79 4.14%0,69 0.004 32.93+2.05 23.45+1.99 0.000
11 5.44+0,91 4.86%0.76 0.305 45.12+0,67 34.39+2.76 0.000
12 5.800.6 5.24+0.73 0.223 34,201 47 32.67%1.86 0.137
13 6.08%0,35 5.69+0,46 0.169 35.32+2,12 38.43+2.02 0.082
14 4.95+0.38 4,08+0,38 0.033 33.80+2.13 30.53+1.15 0.024
15 4.18+0.64 3.7610.5 0.273 39.58+2.69 31.75%2.33 0.001
16 6.760.5 4.78+0.35 0.000 36.61+2.77 34.2542.66 0.327
1 22.27%2.55 19.9412.76 0.203 175.7249.26 158.32+5.19 0.006
2 16.41%0,58 11.90%1.23 0.000 160.22+3.03 148.7713.56 0.001
3 15.44%1.12 12.2610.24 0.000 127.74%6.79 117.68+3.32 0.018
Vertical plane 4 24.63+3.26 23.6212.24 0,584 185.46%5.83 178.18+5.82 0.084
point 5 7.15£0.77 6.4010,16 0.067 28,68+2.67 24.85+2,58 0.000
6 4.07£0,347 3.81%0,31 0.000 23.36+2.81 21.73%1.28 0.272
7 5.33%0,21 47240 4 0.000 24.95+1.07 23.25+1.36 0,000
8 6.92:+0.49 5.24+0.49 0.060 22.69+1.58 22.39+1.43 0.764
HO g 50, 100 em HoJRl |1 9] Hot ARHAES ARCO|| oh AHO R 50, 100 cm HolRl X 9| Bt Alebde
H|3l 14,39, 15.51% HAaE| Uttt =2Hol| tjsf MLCE 4 ARCe]| H|3}| 14,01, 14,18% A=A}, 75 WA HAR]
83 AE, ) A-olA FAFCE Fodt A HA o] sl MLCE &85t 4%, 127] A -4 F-2gt
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void Clmageyiew::Make|mage( )
Clmageloc+ ploc = GetDocument( )
if(!viewData) {return:}

int Sizex = n_Size}:
int SizeY = n_SizeV;

int max = 0;
int min = G5536;

boo| check_maxmin = FindMaxMin{pDoc->ImageData, max, min, SizeX + Size¥}
If{lcheck_maxmin) {return;}

double slope = 255.0 / doubleimax - min):
Far(int v = 05 v < izeW: y++)
{

forfint ® = 0; % < Sizels x++)

unsigned short int value = (pDoc->ImageDataly + Sizex + x])

viewDataly + SizeX + =] = unsiagned char(slope + double(value - min))

¥
¥

DrawBack mage(ViewData, SizeX, SizeV)
¥

bool Clmageyiew: ! FindMaxMin(unsigned shart int +Data, int &max, int &min, int size)
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void ClmageView: :ShowFUSION(unsigned char alphavalue)
if(!¥iewData)
{

AfxMessageBox( "NO X-ray or IR Image”, MB_OK):
return;
}

CClientDC de{this):

COC menmDC, memOC_XRAY, memDG-IR:
wenDC. CreateConpat ibleDClade):
uendC_XRAY CreateConpat ible0C{&de ):
memdC_|R.CreateConpat ib|eDCE &dc )

bittap.DeleteObiect( }
bittap.CreateConpatibleBitnapl®de, SIZEX, SIZEV):

CBitmap +p0ldBtm, +pOldBtm_KRAY, +pOIdBtm_IR:

pOldBtm = (CBitmap +} menDC.SelectObjecti&bitMap);

pOldBtm_XRAY = (CEBitmap +) memDC_XRAY.SelectObiect(&bitHap_HRAY);
pOldBtn_IR = (CBitwap +) menDC_IR.Selectdbject(&bitHap_IR):

memdC.BitBIt{0, O, SIZE%, SIZEY, &nmemDC_XRAY, 0, 0, SRCCOPY )
memDC.BitBIt(0, O, SIZEX, SIZEY, EmemDC_IR, 0, 0, SRCCOPY):

BLENDFUNCT [N bf:

bf Blend0p = AC_SRC_OVER:

bf .BlendFlags = 0:

bf SourceConstantilpha = alphavalue;

bf  AlphaFormat = 0;

nemdC. AlphaBlend(0, 0, SI1ZEX, SIZEY, &memDC_XRAY, 0, 0, SIZEX, SIZEY, bf):

Fig. 4. C ++ program coding for fusion of X-ray image and infrared image,

W . n -
(A) (B)

Fig. 5. X-ray image(A), infrared image(B) and fused image(C)
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