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Abstract 

BACKGROUND: In spectral CT imaging study, the selection of scanning parameters is considered by 

most researchers, but the effects of measuring position are often overlooked. Actual measurement found 

that different measurement location had significant impact on the result of the measurement. Through 

measurement and mathematical model of a large amount of data, we can correct the measurement results 

of different location. The results with real data alignment are higher.  

OBJECTIVE: To explore effects of different measuring positions on results in spectral CT imaging, and to 

optimize correction coefficients.  

METHODS: GE standard water phantom was applied to orderly obtain 5 combined scanning parameters 

with 552 groups of data. Size measurement method was divided into two measuring range: ROI1 and 

ROI2. We selected 10 points to measure CT value, including Center, North, South, West and East. The 

measurement data of ROI1 and ROI2 were classified and screened based on the same sequence. 

Mathematical modeling and probability statistics analysis were used to optimize correction coefficient, get 

calibration function and draw experimental simulation curve.  

RESULTS AND CONCLUSION: (1) Measuring methods of ROI1 were superior to the ROI2’s on water 

phantom in spectrum CT. (2) To different scanning sequences, the measuring results were different. To 

the same scanning sequences, the measurements for different positions on water phantom in spectrum 

CT had remarkable influence on the measuring results, which varied from points to points. (3) Through 

setting up mathematical modeling, using method of statistical analysis, we could get the correction function 

on different measuring positions. (4) Above results confirmed that compared with the theoretical model 

and the experimental data of spectral CT scanning parameters, the coefficients of position can be adjusted, 

which can optimize the measuring results. 

Subject headings: Regression Analysis; Tissue Engineering  
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Table 1  Measurement results to different scan sequences (part data) 

 

���GSI������	
��s/r��
��mA ������������ 0.984� 1.375 ����� Large/Medium ��� L/M, � 

L=1�M=2�!"#$ 5 mm� 1.25 mm��%&'() ROI1*+�C1�� ,-./�N1�� ,01*./�S1�� ,02*./�

W1�� ,03*./�E1�� ,04*./'() ROI2*+�C2�� ,-./�N2 �� ,01*./�W2�E256�1' 

 

GSI s/r mA L/M �� !" C1 N1 S1 W1 E1 C2 N2 

37 0.8 260 1 1.375 5 0.96 0.47 2.17 1.56 1.08 1.39 0.62 

53 0.5 360 1 1.375 5 �0.62 �1.2 �1.3 �1.78 �0.66 �0.95 �1.26 

38 0.8 260 1 1.375 5 �0.69 0.04 0 0.49 �0.77 �0.22 �0.13 

46 0.7 275 1 1.375 5 �0.24 0.25 �0.42 �0.37 0.47 0.07 0.02 

54 0.6 275 2 1.375 5 2.03 1.3 2.85 2.46 1.68 32.19 2.1 

40 0.6 360 2 1.375 5 1.21 1.1 0.95 0.26 2.47 1.06 1.85 

31 0.6 375 2 1.375 5 2.07 2.04 3.01 2.93 1.38 2.07 2.17 

41 0.6 360 1 1.375 5 0.3 �0.2 1 �0.17 1.12 0.09 �0.08 

32 0.6 375 1 1.375 5 0.78 1.11 1.61 0.37 2.73 1.06 1.36 

33 0.6 375 2 1.375 5 0.77 1.11 1.41 1.71 0.41 1.07 1.02 

42 0.6 360 1 1.375 5 �0.34 0.22 �0.77 �0.63 �0.48 �0.34 �0.11 

37 0.8 260 1 1.375 1.25 0.93 0.46 1.81 1.67 1.58 1.44 0.69 

45 0.7 275 1 1.375 1.25 0.68 0.98 1.23 0.33 1.14 1.01 1.51 

53 0.5 360 1 1.375 1.25 �0.79 �0.3 �2.16 �1.94 �1.42 �0.16 �0.56 

38 0.8 260 1 1.375 1.25 �0.12 0.54 0.69 0.23 �0.63 0.31 �0.25 

46 0.7 275 1 1.375 1.25 0.07 0.52 �0.29 �0.31 0.77 0.13 0.5 

40 0.6 360 2 1.375 1.25 1.54 2.28 1.45 0.92 3.36 1.69 2.89 

37 0.8 260 1 1.375 1.25 0.93 0.46 1.81 1.67 1.58 1.44 0.69 
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Figure 1  Marks of measuring position of ROI 
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Figure 2  Distribution curve of position data (C1 and N1) to 

ROI1 in Medium field 
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Figure 3  Large and Medium view impact on the measurement 

data of center C1 
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� 4  Large � Medium��� N1���	
���(ROI1) 

Figure 4  Large and Medium view impact on the measurement 

data of North-N1 (ROI1) 
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3������Discussion�
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�y

E

� 
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                           �n � 5          (3) 

 

                       �n � 5          (4) 

^_���n �P�,����5$6�VW.b

�5$6�pq��2�<10
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��

��

� 3 [O�=Z[ 4

�`a����(�& 1 `a)�%�.b�5`a��

$6�n=20��N1���$6R.b�/0$6��

���f:S1��$6 y

S

9� n=7�5$6:W1�

�$6 y

W

9� n=6���5:E1��$6 Y

E

9� n=7

���5�N�P�,���$6�VWST$6� 

� 2  �������	
�� 

Table 2  Combination list of optimization of the scanning 

parameters 

 

�� 

(s/r) 

��� 

(mA) 

�� �	 
� 

(mm) 

�
 

CT � 

�� CT � 

0.6 275 1 1.375 5 0.056 0.000 

0.6 275 1 1.375 1.25 0.081 0.000 

0.6 275 1 0.984 5 0.083 0.000 

0.6 260 1 1.375 1.25 0.024 0.000 

0.6 260 1 1.375 5 0.016 0.000 

0.5 260 1 1.375 5 �0.026 0.000 

0.5 275 1 1.375 5 0.0147 0.000 

0.5 260 1 0.984 5 0.030 0.000 

0.5 275 1 0.984 5 0.088 0.000 

 

n

n

2

1C1)(2N1 −+=
N

y

n

n

2

1C1)(21 −+= W

W

y

n

n

2

1C1)(21 −+= E

y

E

� 3  �
����(�������)������ C1 ������� 

Table 3  Correction data for four measuring positions (north, south, west and east) relative to the center C1 

 

�� C1 N1 �� y� S1 �� y� W1 �� y� E1 �� y� 

1 �0.94 �0.84 �0.94 �0.17 �0.934 �1.63 �0.951 �0.42 �0.934 

2 �0.89 0.43 �0.89 �0.41 �0.886 0.4 �0.870 �1.04 �0.892 

3 �0.79 �0.3 �0.79 �2.16 �0.801 �1.94 �0.808 �1.42 �0.795 

4 �0.69 �0.62 �0.69 �0.13 �0.686 0.7 �0.668 �0.85 �0.691 

5 �0.69 0.04 �0.69 0 �0.685 0.49 �0.679 �0.77 �0.691 

6 �0.62 �1.2 �0.62 �1.3 �0.625 �1.78 �0.631 �0.66 �0.620 

7 �0.58 �1.31 �0.58 �1.43 �0.587 �1.88 �0.593 �0.33 �0.578 

8 �0.54 0.07 �0.54 �0.62 �0.541 0.42 �0.541 �1.23 �0.545 

9 �0.53 �0.28 �0.53 �1.97 �0.541 �1.83 �0.552 �0.2 �0.527 

10 �0.48 0.66 �0.48 �0.86 �0.483 0.56 �0.486 �1.53 �0.488 

11 �0.47 0.19 �0.47 �0.84 �0.473 0.45 �0.473 �0.72 �0.472 

12 �0.41 �0.11 �0.41 �0.15 �0.408 �0.05 �0.406 �0.75 �0.413 

13 �0.4 0.49 �0.4 �0.11 �0.398 0.8 �0.395 �1.04 �0.405 

14 �0.34 0.22 �0.34 �0.77 �0.343 �0.63 �0.347 �0.48 �0.341 

15 �0.33 1.64 �0.33 �0.03 �0.328 0.51 �0.325 1.11 �0.319 

16 �0.32 1.54 �0.32 �1.29 �0.328 0.49 �0.335 0.86 �0.311 

17 �0.32 1.08 �0.32 �0.44 �0.321 �0.05 �0.322 0.32 �0.315 

18 �0.31 �0.53 �0.31 �0.58 �0.312 �1.38 �0.314 �0.17 �0.309 

19 �0.31 0.13 �0.31 �1 �0.315 �0.58 �0.321 �0.65 �0.313 
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3.3  GSI-55 � GSI-56ROI1-N1 �������	


��
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� 4  ������ N1 �	
��
 C1 � CT ��� 

Table 4  Correction of CT data for N1 measuring position relative to the center C1 

�� ��(s/r) ��(mA) �� 	
 ��(mm) C1 N1 N1
� y� 
��� 

GSI-56 0.6 275 1 0.984 5 0.05 0.28 0.028 polyfit 

GSI-56 0.6 275 1 0.984 5 0.01 0.28 0.028 polyfit 

GSI-56 0.6 275 1 0.984 5 �0.14 0.48 �0.134 polyfit 

GSI-55 0.6 275 1 0.984 5 0.83 1.36 0.770 polyfit 

GSI-55 0.6 275 1 0.984 5 0.83 1.45 0.845 polyfit 

GSI-55 0.6 275 1 0.984 5 0.71 1.88 0.653 polyfit 

GSI-56 0.6 275 1 1.375 5 0.18 0.61 0.121 regress 

GSI-56 0.6 275 1 1.375 5 0.14 0.66 0.140 regress 

GSI-56 0.6 275 1 1.375 5 0.09 0.71 0.160 regress 

GSI-55 0.6 275 1 1.375 5 0.71 1.64 0.687 regress 

GSI-55 0.6 275 1 1.375 5 0.84 1.8 0.808 regress 

GSI-55 0.6 275 1 1.375 5 0.82 1.87 0.864 regress 

 

� 5  GSI-56-55 � N1 ������	
 

Figure 5  Correction function curve of position N1 for GSI 56-55 
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��� GSI-55-56��� 0.6 s/r�275 mA��	

Medium�1.375
��5 mm�
� 

������������������� !"

#���$%����&'�����( Matlab )*

+�,� Regress(y�x�3)��-&'��./012

/345����

[29]

�67"8��9/:+; 

b=��9/<6�0.039 8 0.1581 0.1738 

bint ==>?@ 

�1.282 1    1.202 4 

�2.378 9    2.695 2 

�0.860 2    1.207 8 

stats=0.981 9   81.527 5   0.002 4   0.003 9 

statsABC2����#D6EF;GH9/ R

2

�

D6EI F�JD6E FKL#MN p 

R

2

=0.981 9�F=81.527 5�p=0.003 9�R

2

OP 1�

FIQR�pIQS�&'����T5� 

N1U=9/VW��XY:+; 

y

N

=�0.039 8+0.158 1�+0.173 8�
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       (7) 

3.4  GSI-55 �GSI-56 ROI1-S1�������	
�

�
��  �

��

�5�����GSI-55 �GSI-56 ��	


S1 ��
����� C1 ������������ y

S

������������� ������!"��#
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./0���412345���*����67(�
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-GSI-55�GSI-56�8�9: 0.6 s/r�275 mA�

Medium�0.984�5 mm-S1�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  ������ S1�	
�� C1 
 CT���                                         (y

S

����� S1��) 

Table 5  Correction of CT data for S1 measuring position relative to the center C1  

�� ��(s/r) ��(mA) �� 	
 ��(mm) C1 S1 S1
� y� 
��� 

GSI-55 0.6 275 1 0.984 5 0.71 0.66 0.707 polyfit 

GSI-55 0.6 275 1 0.984 5 0.83 0.4 0.839 polyfit 

GSI-55 0.6 275 1 0.984 5 0.83 0.36 0.826 polyfit 

GSI-56 0.6 275 1 0.984 5 �0.14 �0.67 �0.121 polyfit 

GSI-56 0.6 275 1 0.984 5 0.01 �0.36 �0.002 polyfit 

GSI-56 0.6 275 1 0.984 5 0.05 �0.84 0.041 polyfit 

GSI-56 0.6 275 1 1.375 5 0.82 0.27 0.781 regress 

GSI-56 0.6 275 1 1.375 5 0.84 0.48 0.859 regress 

GSI-56 0.6 275 1 1.375 5 0.09 �0.78 0.045 regress 

GSI-55 0.6 275 1 1.375 5 0.14 �1.07 0.156 regress 

GSI-55 0.6 275 1 1.375 5 0.18 �0.4 0.223 regress 

GSI-55 0.6 275 1 1.375 5 0.71 0.17 0.715 regress 

GSI-55 0.6 275 1 1.375 1.25 2.24 �0.17 2.189 regress 

GSI-55 0.6 275 1 1.375 1.25 2.29 3.14 2.291 regress 

GSI-55 0.6 275 1 1.375 1.25 2.31 0.24 2.326 regress 

GSI-56 0.6 275 1 1.375 1.25 0.81 �0.66 0.684 regress 

GSI-56 0.6 275 1 1.375 1.25 0.83 �0.61 0.919 regress 

GSI-56 0.6 275 1 1.375 1.25 1.02 �0.57 1.092 regress 

GSI-55 0.6 275 1 0.984 1.25 0.68 �0.25 0.689 polyfit 

GSI-55 0.6 275 1 0.984 1.25 1.3 0.1 1.297 polyfit 

GSI-56 0.6 275 1 0.984 1.25 �0.06 �0.02 �0.049 polyfit 

GSI-56 0.6 275 1 0.984 1.25 0.11 �0.13 0.095 polyfit 

GSI-56 0.6 275 1 0.984 1.25 0.37 �0.4 0.368 polyfit 

 

� 6  GSI-56-55 � S1 ������	
 

Figure 6  Correction function curve of position S1 for GSI 56-55 
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�����polyfit(x�y�3)  

�����  

    y

S

=�1.699 9�

3

�0.395 1�

2

+1.370 6x+0.463 2  

(8) 

	GSI-55�GSI-56�
� 0.6 s/r�275 mA�1.375�

Medium�5 mm-S1�� 

�� regress(y�x�4)
� 4���������

������� 

���b=0.576 7   0.882 3  �0.280 2  �0.689 3 

�����bint = 

0.384 7     0.768 7 

0.519 5     1.245 1 

�1.314 2    0.753 8 

�1.688 8    0.310 2 

���stats=0.990 7  71.272 5  0.013 9  0.003 0 

R

2

=0.990 7�F=71.272 5�p= 0.003 0�R

2

� 1�

F !"#�p !"$�%&'()*+,�-.,/'

()*0123� 

����4� 

y

S

=0.576 7+0.882 3��0.280 2�

2

�0.689 3�

3  

 (9) 

5GSI-55�GSI-56�
� 0.6 s/r�275 mA�1.375�

Medium�1.25 mm-S1�� 

����� 

y

S

=2.349 3+0.479 0��2.587 3�

2

+0.773 5�

2

   

(10) 

6GSI-55�56�
� 0.6 s/r�275 mA�Medium�

0.984�1.25 mm-S1�� 

����� 

y

s

=110.579 0�

3

+60.030 4�

2

�5.402 0�+0.037 4  

(11) 

3.5  GSI-49 � GSI-50 �������	
��
�

��78/���9�:;<=>?@ABCD�/�

���E������ GSI-49-50�GSI-45-46�<=

S1�W1�E1�N2�W2�S2�E2/�����FG�

� 6  �� GSI-49 � GSI-50 ���� N1,S1,W1,E1	
��
� C1(�� 0.7 s/r���� 260 mA��� Medium)� CT

��� 

Table 6  Correction of CT data for N1, S1, W1, E1 measuring position relative to the center C1 for GSI 49 and GSI-50 

(rotation speed 0.7 s/r, tube current 260 mA, Medium) 

�� ��(mm) C1 N1 N1�� S1 S1�� W1 W1�� E1 E1�� 

0.984 1.25 1.58 1.85 1.497  2.25 1.532  1.62 1.399  1.17 1.580  

0.984 1.25 1.81 1.98 1.863  1.56 1.784  2.13 1.784  0.75 1.810  

0.984 1.25 0.95 1.7 0.983  2.03 1.632  1.65 1.150  0.45 0.950  

0.984 1.25 2.7 3.52 2.692  1.92 2.394  3.57 2.795  2.91 2.700  

0.984 1.25 2.62 3.69 2.629  1.83 2.955  3.87 2.685  2.77 2.602  

0.984 1.25 2.6 4.19 2.601  1.98 1.964  3.73 2.433  2.79 2.625  

0.984 5 1.76 1.4 1.623  1.09 No 1.3 1.649  1.18 1.636  

0.984 5 1.54 1.51 1.637  1.15 No 1.31 1.655  0.93 1.565  

0.984 5 1.58 1.24 1.624  1.15 No 1.67 1.574  1.29 1.683  

0.984 5 2.51 3.04 2.450  2.27 No 2.75 2.579  2.65 2.527  

0.984 5 2.44 3.13 2.498  2.11 No 2.72 2.432  2.45 2.414  

0.984 5 2.69 3.65 2.684  2.25 No 2.76 2.630  3.05 2.683  

1.375 1.25 �0.4 0.97 �0.412  1.78 �0.593  2.18 �0.399  0.4 �0.639  

1.375 1.25 �0.72 0.62 �0.547  1.76 �0.519  1.4 �0.720  0.51 �0.647  

1.375 1.25 �0.64 1.41 �0.639  2.05 �0.637  1.56 �0.640  0.31 �0.451  

1.375 1.25 0.37 0.18 0.358  1.56 0.355  0.71 0.370  �0.1 0.342  

1.375 1.25 �0.89 0.43 �0.661  �0.41 �0.888  0.4 �0.595  �1.04 �0.875  

1.375 1.25 �0.3 0.5 �0.657  �0.54 �0.303  0.4 �0.595  �1.3 �0.316  

1.375 1.25 �0.48 0.66 �0.502  �0.86 �0.480  0.56 �0.480  �1.53 �0.475  

1.375 5 �0.1 �0.27 �0.100  �0.74 �0.101  �0.27 �0.101  �0.31 �0.088  

1.375 5 �0.17 0.6 �0.136  �0.92 �0.169  0.06 �0.167  �0.2 �0.225  

1.375 5 �0.23 0.57 �0.259  0.11 �0.229  0.38 �0.233  �0.11 �0.165  

1.375 5 0.7 0.91 0.687  1.25 0.699  1.87 0.720  0.12 0.636  

1.375 5 0.78 1.06 0.789  1.77 0.772  1.93 0.759  0.23 0.862  

1.375 5 0.8 1.26 0.798  1.73 0.809  2.27 0.803  0.28 0.759  
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