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(Switching
Power Supply)
(Filament)
(Target)

(Collimator)

(Fan-Shaped Beam)



(Conceptual Design) 2.2

(X-ray Tube) (Collimator)
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(Belt) > ;,

(Roller and DC Motor) CIS

(Contact Image Sensor)

(220V AC)
2.2
2.2
22.1
2211
2.2.1.2 (High Voltage Switching Power Supply)

2.2.13 (Filament)



2211

Electron Cloud [7]
Work function
(3370 degree C)

(Cathode)
Anode (  Tungsten
Tungsten
1
(Intensity)

(High Voltage)
(Anode)

)
(Tube Current, A

(Residual Space Charge) [7]

(Window)

(Fan-Shaped Beam)

Tungsten

(kv)

2.3

Bremsstrahlung

2.4

(Photon)

Space Charge
Tungsten

(Target)

kv

(Penetration)



(2.1)

Xmin=12.4/kvp  A° (2.1)
Amin
80 KV
0.155 A° (0.04 A° - 1000 A°)[6]

X-ray Target

T&vaen (Filament) viTe walua (Anode)

d9au (Cathode) visadauan

Aulad(Window)

HV +

2.3

24



Characteristic X-ray 2.5

(Mono energetic X-ray ~ Characteristic X-ray)

I
o)
= Characteristic X-ray
2212 (High Voltage Switching Power Supply)

(Step Up) (Step Down)
(Linear Power Supply)
| [6]
2.6
220 (Transformer)
(Rectifier)
(Filter)

| (Converter) (Control)
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Rectifier ;
N High Voltage
220V TiaRStoE |l arvd | Converter Voltage Multiplier >
S0+ Filter ¢
Adj. = Control Circuit —— o
2.6
(Power  MOSFET) (Voltage
Multiplier) '
5
10kV 50 kv
(Control Circuit)
(Feed Back)
2.2.13 (Filament)
2.1 Tl 220
(Filament)
T2 Isolation Transformer  Toroid
Anode
T2 DL

Cl

IC1 IC2

VRI
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ac 3t E Filament
Tl T2 —1 i —_C2
77
2.7 (Filament)
2.2.2
2221
(22) ()
(A (2)
V) (k)
| =kmAZ\V2 (22)
Polyenergetic X-ray Beam KV
113 Monoenergetic
X-ray beam Polyenergetic x-ray beam 120 kv 50 keV

Monoenergetic x-rays [7]
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(Image Quality Factor)
kv (Contrast) mA (Sensitivity)
? (Sharpness)
kv mA

(Attenuation Coefficient)
(Mass Attenuation Coefficient)

waanisdiend oAUATTA
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$9&31UWn (Fan-Shaped Beam)
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(Roller and DC Motor) S
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* (Attenuation Coefficient)
(Radiation  Intensity) (Attenuation)
Absorber (mass)
glem2[7]
(Linear Attenuation Coefficient:JLI)

cm cm"1 Monochromatic Radiation Homogeneous Beam
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(Lambert) ! [7]

X= absorber

fi = 0.693

50% (HVL)
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2.9
2.22.2
(Visible Light) Spectrum

2.10
P43

(GdZO ) Tb3+) [10]



2.1 P43
Phosphor Type P43
Chemical Composition G &: That
Typical Peak Wavelength 545nm (Range 360nm-680nm)
Fluorescent Color Green
Chromaticity Coordinates (X, Y) (0.344,0.568)
Decay Time 1ms

Excellent Scintillator for X-ray<250nm Emission
Remark efficiency: 13% .Effective atomic #59.5
Absorption characteristics: K-edge, 50.22 keV

(Energy  Conversion)
(Phosphar) Energy Conversion
(Wavelength) 211

Electromagnetic spectrum
WM «n$|th (in)
I©** 10™* (I 10* 10* 10f 0 10*
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m.‘..,‘.. T
VR N TP TS
a— - YR R e
1043 10" 1ct 10" 1 0™
I'lequency (Hz)
X-Ray

Light spectrum (visible 0.4 - 0.7 pm)

»length Inm> Green Light

01 1 10

y*
FfeqtHSiiey (2>
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2.10 Spectrum : 1
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Wavelength ()
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(Wavelength)

(Adhesive)
2.12
(Contact Image
Sensor: CIS)
(Grayscale)

gy -
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(Substrate)
PVC reflection

, \ ' Layer

= o = s
ANTLTRILANTALDNG

(Phosphor Layer)

2.12
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2.2.2.3 (Contact Image Sensor: CIS)
(Photoelectric Conversion) Photo transistor
256
(Pixels) (Serial)

2.13 [12]
Contact Image Sensor Scanner
2.13 214 LED
Prism
Lens Array Sensor Contact
sensor Ad
Sensor lem (Bit)
(Sensor)
(LED) ' 1 (Output)

(Port)
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Rod lens array
Cover glass Prism Frame

PC board
2.14 [12]
2.2.3
(Contrast)
(Brightness)
2231
(Pixels) 600x800
Pixels 600 Pixels 800
Pixels
256 (8hit, 255
0 )

2.15,2.16, 217 218
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2.15
0 y—
Original
A
f(x,y)
X
Y
2.16 (0,0) X
y X y (Pixels) [13]
Column
217 ) )

Gray
Scale (0-255) [14]



2.18

(Neighborhood)

(Point processing )

L'

19

Column
150 155 » 1(0
IS3 183 181 184 177 200 200 189 59 135 94 105 160 174 391 196
18* 195 190 195 191 205 216 206 174 153 112 80 134 157 174 10R
194 19% 198 201 206 215 216 1+ 175 140 77 106 142 170 186
184 212 2.0t 204 2010 202 214 214 214 205 173 102 84 120 134 159
202 215 203 179 165 165 1'» 207 202 m 197 129 73 132 131 146
203 208 166 159 160 16S 166 157 174 211 204 158 69 79 127 143
174 144 143 151 56 148 146 123 wis .. 208 162 81 58 101 125
143 137 147 153 150 140 121 133 157 184 1 164 94 56 66 80
164 165 159 179 188 159 126 134 50 199 174 119 100 41 41 58
173 187 193 181 167 151 162 182 192 175 129 60 88 47 37 50
172 184 179 153 158 172 163 207 205 188 127 63 56 43 42 55
156 191 196 159 167 195 17 203 214 201 143 105 69 35 44
154 163 175 165 207 211 197 201 201 199 138 79 76 67 51 53
144 150 143 162 215 212 211 209 197 198 133 71 69 77 63 53
140 151 150 185 215 214 210 210 211 209 135 SO 45 69 66 60
135 M3 150 179 213 215 214 191 201 205 138 e 59 61 77 63

217 ) [14]

DFT (Discrete Fourier Transform), FFT (Fast Fourier Transform)
(Mask)

8 ( 349) 2.19

(Area processing )

(Mask)
2.19 2.20
Pixels Pixels
Gray Level  Pixels .  Pixels
Pixels 24

Z1HW2Z2+.. . +WhZ5+.. +WE&8 %9 (2.4)



L 2.9
ZvZ2...0
Z5
Z5
Zi 1 13 WL 2
24 15 16 4
ZT 18 19 W7
2.19 3X3
Pixels (29
1 -1 1 1
2 2 2 1
1 1 -1 1
220 ) Mask  Horizontal ) Mask
(Line Detection)
2.2.3.2
Processing, DIP) ~ Image Enhancement
(Negative)
) 2.21
7'= 255-7

Z5

Vertical

(Digital Image

255

(2.5)

20
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Z (Grayscale level)

221 Negative

(Contrast)

2.22

2.22

(Brightness)

2.23

12.23
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(Uniform

Motion BIur)

2.24
( )
2.24
(Edge Detection)

2.25

2.26

©
2.25
14 A
18
14 4

2.26 Strong Laplacian Edge Detection
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(Low Pass Filter)
(High Pass Filter)

(Component)
2.21
0 -1 0
1 5
0 1 0
2.21 Strong High Pass Filter

224,

.. FDA,
Center for Devices and Radiological Health Standards for Cabinet x-ray Systems
(Federal standard 21-CFR 1020.40)
0.1 mRihr 05 Rihr.

(Stepping motor)
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