
輻射偵測與造影原理 
 

講師: 楊邦宏 博士 

1 



核子醫學的原理 

• George de Hevesy，1885-1966，
(1943年諾貝爾化學獎得主） 

 

•核子醫學檢查的基本原理是利
用放射性物質所標化的藥物作
為放射性追蹤劑（Radiotracer) 

 

•追蹤劑原理(Tracer Principle): 
• Georg Charles De Hevesy 

• 利用極少量的放射性藥物進入人
體內，再以核醫儀器追蹤或造影。 



核醫部工作流程 

病患 注射室 製藥 

報告 

造影 
醫師 

影像判讀 
影像後處
理與上傳 

候診室 

電腦組 

櫃檯 



閃爍造影機系統組成元件 



核子醫學成像方式 

•為放射式 (Emission) 

•光子的數目少 

•偵測單位範圍大 

•解析度低 

•為功能性影像 
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準直儀（Collimator） 

With Collimator Without Collimator 



平行式多孔準直儀（Parallel-Hole Collimator） 

其(影像)特性為： 

 由許多孔徑大小一致的鉛或鎢製準

直孔所組成，為目前臨床最普遍使

用的準直儀。 

 影像大小不受射源(目標器官)到準

直儀表面間距離的影響。 

 幾何效率(Geometric Efficiency)對空

間距離反應平均。 

 系統解析度(System Resolution)在其

表面最佳，但隨著射源(目標器官)

到準直儀表面間距離的增加，準直

儀解析度會迅速地下降。 
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放大因子(magnification factor)： 

          I/O = f/b                    f: 準直儀圓錐的垂直長度 

                                                    b: 物體(射源)至針孔的距離 

                                                                      I: 影像的大小  

                                              O: 物體(射源)的大小 

針孔式單孔準直儀（Pinhole Collimator） 
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閃爍晶體（Scintillation Crystal） 
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閃爍晶體（Scintillation Crystal） 
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光電倍增管（Photomultiplier Tube） 
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位置邏輯電路（Position Logic Circuit） 
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雙偵測頭單光子射出電腦斷層掃描儀 
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PET Overview 
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Positron Annihilation 
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PET v.s SPECT 
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Coincidence Events 

1 

1.  Detected True Coincidence Event 

2 

2.  True Event Lost to Sensitivity or Deadtime 

3 

3.  True Event Lost to Photon Attenuation 

4 

4.  Scattered Coincidence Event 

5a 5b 

5a,b.  Random Coincidence Event 

17 



Coincidence Even 
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Physical Limits of Resolution 

• Positron Range 

• Positron will travel a short distance before annihilation 
with electron 

• Isotope dependent with resolution loss being about 0.5-
2.0 mm 

• Angulation 

• Because of momentum of positron-electron pair 
annihilation photons are not exactly 1800 apart 

• Loss of resolution is a function of distance between 
detectors  

• X = d/2 tan (0.25) so for 100 cm diameter loss is 2.2 mm 

• Detector Size 

• FWHM of “geometrical” resolution is half the detector 
width 
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Positron Range 
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Non-colinearity 
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Three types of imaging 

•Planar imaging (a single projection similar to X-ray 
radiograph, 2D) 

•Single photon emission CT (SPECT, 3D) 

•Positron emission tomography (PET, 3D): a research 
tool first and now a clinical tool 

•Gamma imaging performs a unique role in medical 
imaging which no other technique can fulfill 

•The radiotracer emits γ-rays with energies in the 
range 60-511 keV 
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Count Rate 

•Sensitivity of a gamma camera 

• cps/MBq 

•10-50% transmission depending on the depth 

•The collimator transmit less than 0.1%  of the 
incident photons and it’s the main factor limiting the 
overall detection efficiency of the gamma camera.    

23 



影像的特徵 

•解析度(Resolution) 

•對比(Contrast) 

•雜訊(Noise) 

•靈敏度(Sensitivity, cps/MBq) 

•信雜比(Signal to Noise Ratio, SNR) 
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Image Reconstruction From Projections  
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Three general approaches 
– Simple backprojection 

 

– Analytical techniques (Nobel prize) 

   (solution of the inverse Radon transform problem) 

   Filtered of the backprojection 

   Backprojection of the filtered projection 

   (filtered backprojection: FBP) 

 

– Iterative reconstruction techniques 



Standard  PET/CT Imaging Protocol 
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J Nucl Med 2004; 45:25S-35S 



PET 衰減校正 

Measure rod intensity 
with no object present. 

Io 
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Measure transmission 
through the object. 

Io e-mdl 

Smooth and take the ratio. 

Blank/Transmission = e+mdl = ACF  

Blank scan Transmission scan Emission scan 

Measure emission from object.  

Emeas = Etrue e-mdl 

Correct the emission data. 

Etrue = Emeas x ACF 

1 hour 2–4 min 4–8 min 



+   = 

Functional  
  (PET)  

Anatomy 
(CT) 

PET/CT 
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+   = 

PET 
Emission                                    Transmission                        Image Fusion 

Functional and Anatomy 
 



數位影像的組成 

•Matrix (m x n, 256x256) 

•Picture element (pixel) 

•Image depth (k byte, 1) 

•Image storage (m x n x k byte) 

   (256 x 256 x 1 byte) 
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核醫電腦資訊 
• 8 bit=1 byte, 16 bit= 1 word 

•通常核醫收集影像大多用byte mode或是word mode收集影像資料 

• 1 byte=28 bit =256 (0-255) 

• 1 word= 216 bit=65536 (0-65535) 

• 1 word = 2 byte 
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優點 缺點 主要應用 

Byte mode Less memory, fast Dead time, 
truncation error, 
overflow 

Low count studies 

Word mode No dead time, no 
truncation 

More memory High count studies 



Digital Image 

•A digital image consists of a grid or matrix of pixel 

•Pixel 為數位影像之最小單位 

•電腦記憶體容量單位 

   1k=210=103  ;  1 Mega=220=106 

   1 Giga=230=109  ; 1 Tera=240=1012 
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Digital Number 

•通常用二進位或十進位來表示每個pixel的count
數，以及even location 

 

Ex. {13} 在十進位=(1*101)+(3*100) 

 在二進位=(1*23)+(0*22)+(1*21)+(1*20)，此為轉
換為十進位的算法。Binary number就是1011，
binary number裡面，每一個digital就叫做1 bit。
(所以1011就是4 bit) 
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Thank you for your attention 
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