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¾֯ ҅ Ṇ М ᶩ ▲ɽ Ṇ ᷊ ד
ᾼṔᴥȲ֪ױ ὑӐṝ₇ ᾼ ԉḆ ȴ 

¾ӭ›Ϛ ṿӣ₇ ’ (Quality 

Assurance  ;QA) Program ᾼ Ἐẃ ד
֥ ᾼЏᵂȲᴖ֯ױ ϯҔ╗

ד Ἤ ᾼ₇ ạɎQuality 

Contral  :QC) иȴ 



¾₇ ạ  Quality Control  (Q.C.)  
 

¾ ᴩ ứ  Performance  Stability :  
¾      Acceptance  testing :Specification ȳfunctionȳ safety. 

 
¾      Routine performance monitoring  

 
¾      Error  correction  
¾    
¾           



¾ ᴖṕПȲ₇’ᾼӭ Ҡ ⱢϚ ԓ ᾼ
Ȳӣὑạ ᶙ ѹỂԓᾼ ȳ

₇ ȳ ן ṳ ᴩ ὨиέȲẔ
ᾼӭᾼⱢ ’ṳ‚ ᾼ ȴ 



¾1ȸ֥ о(Justification): ’ Ӑכ Њ
ὑἬ ᵓ ᾼ ȴ 

 

¾2ȸ о(Optimization): Ғ֯֝ד
ӐПϯἬכ ẞᾼᵓ ȳ ᵅ ᾼכӐṳ
ẞ֥ ᾼ ȴ  (ALARA  ȳTSDé.) 

 

¾3ȸ ạо(Limitation)  



¾                       

 

 



Å   Purpose 

Å   NEMA 

Å   Planar images   

Å   SPECT 

Outline 



¾ NEMA Ἤ ᾼ Ѡᾎ ȳ ’ ▲ᾼϚ ἤȴ 

¾ ẁ ֻᾼὢ Ϣ ֻᾼ ȴ 

¾ ẁ ֻᾼ ₇ Ȳṳ Ϣᾼ ᴟ ᵅȴ 

¾ ю֚   ᾼ ȳцЛӔ ᾼ ȴ 

     gamma camera system  

     

Purpose  



¾ Acceptance testing  Ɏ ן ӱɏ 
 
¾ Routine performance evaluations  ɎẂ
ᴩἤ ᴷɏ 

 
¾ Error correction tests  Ɏ Ӕ ɏ 

 (National Electrical Manufacturers Association 

) 

NEMA  



¾National Electrical Manufacturers Association  (1926)  

¾ http://www.nema.org/  

 

¾NEMA is the trade association of choice for the electrical 

manufacturing industry . Founded in 1926 and 

headquartered near Washington, D.C., its approximately 

450 member  companies manufacture products used in the 

generation, transmission and distribution, control, and end -

use of electricity.  

 

http://www.nema.org/


¾ 2.1 Intrinsic Spatial Resolution  
 

¾ 2.2 Intrinsic Energy Resolution  
 

¾ 2.3 Intrinsic Flood Field Uniformity  
 

¾ 2.4 System Spatial Resolution Without Scatter  
 

¾ 2.5 System Alignment  
 

¾ 2.6 Spect Reconstructed Spatial Resolution Without Scatter  
 

¾ 2.7 Wholebody System Spatial Resolution Without Scatter  



PLANAR 

ɽ 
SPECT 



¾ׄ Ӑ ԈҔ╗ȸ 

Å ᾿ (collimator)  

Å (crystal)  

Åԏ (Photomultiplier tube Ȳ PMT) 

Å ứᴯ (scintillation localization circuitry)  

Å Ӕ (correction circuitry)  

Å иέ (energy analysis circuitry)  

Å (counting circuitry)  

Åכ (image display device)  

Å (image recording device)  

 

Detector 



PHA 



¾и ц  

 

¾ ᵮן ∟Ȳ ҏ І 

 

¾ ІὍҏҠṓԏ 

 

¾֯NaI вҒϤTlȲҠ ҒҠṓԏᾼ  

 



¾ṿӣצ ᾼ ᾿ Ἠ ӣЛ П ᾿  

 

¾NaI ắ ȲἨắҵϩЄϩ ȳ ⇔ оȲ
ṿNaI  

 

¾ԏ ӂ Ṇ ╝ ȳғ ҷȲἨԏ
ᵅ 

 

¾ ⇔иέ ậЛ ПԏІ  

 



 

(QC of Planar Imaging System) 



¾ԏ ѻ ╥
Ἤ ҏ ᾼԏ

כ І ȲṳЄ
ᾼ Ғԏ Іᾼ ӭ 

 

¾ ѿ῁о
(silicone grease) ԏ

ȲѿṮѦ
Ӧὑч ᴖ ҷԏІ 

 



 

(QC of Planar Imaging System) 



   Planar   Ɏӂ ɏ 

Imaging 

ÅPhotopeak 

ÅUniformity Floods   

     ƿ Daily Visual Inspection for Marked   

          Nonuniformity   

     ὒ Correction of Nonuniformity      
 

ÅSpatial Resolution   

ÅLinearity   



 

(QC of Planar Imaging System) 



   Uniformity Floods  

Planar 

ÅImperfections  :  

   collimators̡ variations in crystal   
response̡  differences among PM tubes̡  

   fluctuations in the electrical circuitry̢  

ÅExtrinsic Uniformity (with collimator) 

   Solid plastic disk  ex.57Co 

   Fluid-filled sheet source container ex. TC 



   Uniformity Floods  

Planar 

ÅIntrinsic Uniformity (without collimator) 

     Solid plastic disk 57Co 

     Fluid-filled sheet source container 99mTc 

     Point source 99mTc 

Å1-3 million-count image 





 

(QC of Planar Imaging System) 

270 Day 



VariCam MPR 



 

(QC of Planar Imaging System) 

 

 

 Integral uniformity = (max-min)/(max+min)Ė100%  (Ò5%)  



¾    



 



Daily QC - Intrinsic Uniformity 

FOV 

IU=(Max - Min)/(Max + Min)*100 
Max is the Maximum and Min is the 
Minimum pixel value in a pixels. 

DU=(Hi - Low)/(Hi + Low)*100 
Hi is the highest and Low is the lowest 
pixel value in a row of 5 pixels. 

UFOV=95%FOV CFOV=75%UFOV 



¾Tuning procedures ȸ 
¾ ʂ ᵑᾼ PM 

tube gainsȲѿṿ
Л֝  П
Ἤ Ӣᾼ

photopeakẔ Є
Ἠ Њ и
Ҕᵶ֯ PHA 
window вȲֽױ
Ҡ ѿ

ᾼ‍ᶁл
ἤȴ 
 

 



¾Pulse-Height -

Analyzer  

¾Window of photon 

energies  

¾Methods  

¾Narrow window  ð  

¾ increases resolution 

but  

¾decreases sensitivity  

 



 

(QC of Planar Imaging System) 

 ʂDrift of the energy windows 

away from the peak will lead 

to significant artifacts in 

images. In some of the older 

cameras, off-center windows 

will yield relatively ñhotò or 

ñcoldò photomultiplier 

defects on the daily 

uniformity floods. 











   Spatial Resolution 

Planar 

Å Phantom ï Bar phantom 

Å Flood source 

Å Distance  

Å Weekly 

Å Line or point spread function 

    



 

(QC of Planar Imaging System) 

The intervals illustrated in figure above are hypothetical but representative of a standard configuration. 

Lea

d 

Luc

ite 

 
¾The resolution of the 

imaging system is 

evaluated visually by 

imaging a bar phantom 



 



   Linearity  

Planar 

ÅLinearity of the 

gamma camera image 

is tested by examining 

the image of the bar 

phantom 

ÅStraight and unbroken 



   SPECT 

Imaging 

ÅUniformity 

ÅCenter of Rotation 

    Measurement of COR 

ÅResolution Using a Phantom 

¸ Images reconstruction algorithm 



   Uniformity  

SPECT 

ÅSPECT images are degraded by small degrees of 

nonuniformity in the flood field that do not 

adversely affect planar images. 

ÅDuring backprojection, relatively minor defects 

will become quite prominent and sometimes 

appear as ring artifacts in the reconstructed 

transaxial slices. 



 

(QC of SPECT System) 

bull-eye artifact 



Bullseye Ring Artifact- nonuniformity  

¾SPECT image through 
20-cm diameter 
99mTc-filled cylinder 
phantom resulting 
ŦǊƻƳ ƎǊƻǎǎ ʴ-camera 
nonuniformity Severe 
ring, or bull's-eye, 
artifact in transverse  
 



   Center of Rotation  (COR)  

SPECT 

ÅIt is assumed that the camera heads will rotate in 

a near perfect circle ( or ellipse ) and that heads 

will remain almost precisely aligned in their 

opposing position. 

ÅIt is also assumed that the predicted or 

ñelectronicò center of the path of rotation will 

match the ñmechanicalò or actual center of the 

camera head rotation. 



 

(QC of SPECT System) 
Center of Rotation  

× The most common cause of true shift of the COR is electronic malfunction. 

× Mechanical problems, such as the use of a collimator that is too heavy for the gantry, 

are less common. 

The test for a stable COR 

consists of placing a point 

source of Tc-99m slightly 

off center on the patient 

bed. Projection views are 

obtained over a 360o arc. 

 



 

(QC of SPECT System) 

 

(for 128 pixelsĖ128 pixels) 

Donut shaped 

image 
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