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Relationship of correction coefficient and measuring position in spectral CT
imaging
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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)

GSlI sir mA L/M o4 2R C1 N1 S1 W1 E1 Cc2 N2
37 0.8 260 1 1.375 5 0.96 0.47 217 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 21
40 0.6 360 2 1.375 5 1.21 11 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 2.07 217
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 1.1 1.61 0.37 2.73 1.06 1.36
33 0.6 375 2 1.375 5 0.77 1.1 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

il GSIAUERAFIFARITFY], s/r ERHE, mA REFFRTRAD, BREL7 N 0.984 i1 1.375 piff, HEF Large/Medium 50 LIM,
L=1, M=2, ZJEIEH 5 mm 1 1.25 mm PiFPZEAL. 35T RO Jjvk, C1 AR L s EdE, N1 ARER O IE B8R, S1 ARk T8k,
WA AR OIEZ D 8, E1ARER T LIEA T EdE . X ROI2 Jivk, C2 AR L, N2 AR LIk B8k, w2, E2 MWFE L.

1.4 Zrik  RIGEXA A %A1 e il CTAM ARl K B AT
I 4GS IR TP, 645 i I 2 80/140 KV,
A KA NSTND, ARG AL HT70 keVIRBEE KA
T BUGRR VTl o KIEIHRIEIEEAL, 435 A 7K (F5)
JK(HAP). 7K (). 7K (ifiL)s 7K (). 34y 51I1X0.0, 0.6,
0.7, 0.8, 0.9, 1.0 s/r; +14Hi#HEF: lT#fLarge I Medium:
JZIEE: 5 mm. 1.25 mm; #2EE: 1.375710.984;
AL 260, 275, 360, 375, 550, 600, 630,
640 mA.

ROIPH R & 7 v 2 Fig M K/, dn B BT
e ROM—/E, ROIR—KR, K/hE [ EEHES] .
ROIMAIROI2 & AT 54Nl & s, fr &2l Bk
(N). FE(S). ZPEHW). AZ&(E). H1:(C), EICT,
N1, S1, W1, E1HROMEHE, C2, N2, S2,
W2, E24ROI2i&E 4.

1.5 EZAEIAF  FRFES AGER wl bR EL,
FIN ) S0 E4-9: 00-11: 00, F3 f b i 32 34K
AFEAR N B PR, 2 AR, s AR
FH ) 32 B 22 4R bR W ROIMAIROI2 . 7 5 K di W il
ZEFNC, EIEN. FHES. ALRWHIA THERCTHE,

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

[ N SURL 00 5 06 S0 T 92 14 0 A 3 1 1 2

E 1 ROl BMEMERRID
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#3 MmMAMEMEGL. B, @ FEXFFHOE C1 L ERESE
Table 3 Correction data for four measuring positions (north, south, west and east) relative to the center C1

s C1 N1 FIE yn S1 KIE ys W1 I yw E1 IE ye
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
3 iFie Discussion 32 B ENEZHIELS T SEIEGMELE TR
31 B FIERLA CSRHZGEMERIERE, £ DN A7 S 0 o7 I R (R R G R, SR A TR
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»f CT 1

B
woHH

UEECZNVERE e S CIRE

HS CTAHARF L, Ui S PR T a7

e 25 fe /N B ALY 72 medial=1 11

KBTI E CT Y

*2 MUBPRESHEESTIR

Table 2 Combination list of optimization of the scanning
parameters

O W MBS B BE B g CTfH
(s/r)  (mA) (mm) CT{d

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 1375 5 0.016 0.000

0.5 260 1 1375 5 -0.026  0.000

0.5 275 1 1.375 5 0.0147 0.000

0.5 260 1 0984 5 0.030 0.000

0.5 275 1 0.984 5 0.088 0.000
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P AR BERE CT W R A &5 1 IE R BNIHRF
Fz4 KEMNELENT B3 FHLO0S C1 BCT ERE
Table 4 Correction of CT data for N1 measuring position relative to the center C1
JF51 Heidi(s/r) FL7E(MA) PLEY L) JZJE(mm) C1 N1 N1 1E yn T 1E PR 3L
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
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yw=-1.612 0 x*+5.131 7 x*>-3.988 1x+0.777 6 (6)

Wi 5 Prn, KOOE HhZ @A 2 sebr th gt . &
AT A TG, RS ES B YIS .
W FEARTELA M2k Far Ao

Degiee | 3
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Figure 5 Correction function curve of position N1 for GSI 56-55
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*5 KEMNEME S1HEMFHL C1 B CT ERKE (ys ARRIEJE I S1 Hidin)
Table 5 Correction of CT data for S1 measuring position relative to the center C1

2l ki (sir) FHLIL(mA) LT W2 JZJ5 (mm) C1 S1 S1KZIE yn T2 IE BREL
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 -04 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 0.1 -0.13 0.095 polyfit
GSI-56 0.6 275 1 0.984 1.25 0.37 -04 0.368 polyfit

@J¥ %1 GSI-55-56, #i# 0.6 s/r. 275 mA, i
Medium, 1.375 &8, 5mm JZ)E,

KH 0 2 B BB AN G TG, A 3099 2 2K
AR, WOt R — oMk R, 75 Matlab 15
~, FIH] Regress(y, X, 3) - GARZME N1 o H5oRN 525
B RS, SR AR AR R .

b=[r[IH & 1t11-0.039 8 0.1581 0.1738

bint = {5 [X [A]

-1.282 1 1.202 4
-2.378 9 2.6952
-0.860 2 1.207 8

stats=0.9819 81.5275 0.0024 0.0039

stats FR A I AR e iR HEE R B R,
SUFEE F, S48 F AN IIE p

R?=0.9819, F=81.5275, p=0.0039, R*#: 1,
FAEIRK, p{EIRAN, ZePERIABI AT .

N A7 B R B IE R R

yn=-0.039 8+0.158 1 x+0.173 8 x? @)
34 GSI-55 #2GSI-56 ROM-S11% EALE % 4049 dE &%
=)agit RS54 TIFYI GSI-55 FI1 GSI-56 il EA &

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

ST AT EdE C1 MRIEEHEY IR . WS IETT ys
g, OGS R O s, R IR
BRI, S a— A T AN IR IE RS NI
@5 HT T R 4 PRSI I BRI IE 2k (B 6)-

DGSI-55, GSI-56, Z#EF 0.6 sir, 275 mA,
Medium, 0.984, 5 mm-S1 % 1F
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Figure 6 Correction function curve of position S1 for GSI 56-55
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%6

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

FF%1 GSI-49 #1 GSI-50 WAMIE N1,S1,W1,E1 83 F /il & C1(3%51% 0.7 s/r, B HTE 260 mA, 1% Medium)ay CT
ERIE
Table 6 Correction of CT data for N1, S1, W1, E1 measuring position relative to the center C1 for GSI 49 and GSI-50

W2 % (mm) C1 N1 N1 EiE S1 S1LIE W1 W1 K E E1 E1KIE
0984 125 1.58 1.85 1.497 2.25 1.532 1.62 1.399 117 1.580
0984 125 1.81 1.98 1.863 1.56 1.784 2.13 1.784 0.75 1.810
0984 125 0.95 1.7 0.983 2.03 1.632 1.65 1.150 0.45 0.950
0984 125 2.7 3.52 2.692 1.92 2.394 3.57 2.795 2.91 2.700
0984 125 2.62 3.69 2.629 1.83 2.955 3.87 2.685 2.77 2.602
0984 125 26 4.19 2.601 1.98 1.964 3.73 2.433 2.79 2.625
0984 5 176 1.4 1.623 1.0 No 13 1.649 1.18 1.636
0984 5 1.54 1.51 1.637 1.15 No 1.31 1.655 0.93 1.565
0984 5 1.58 1.24 1.624 1.15 No 1.67 1.574 1.29 1.683
0984 5 2.51 3.04 2.450 2.27 No 2.75 2.579 2.65 2.527
0984 5 2.44 313 2.498 2.11 No 2.72 2.432 2.45 2.414
0984 5 2.69 3.65 2.684 2.25 No 2.76 2.630 3.05 2.683
1375 125 -0.4 0.97 -0.412 1.78 -0.593 2.18 -0.399 0.4 -0.639
1375 125 -072 062 -0.547 1.76 -0.519 1.4 -0.720 0.51 -0.647
1375 125 -064  1.41 -0.639 2.05 -0.637 1.56 -0.640 0.31 -0.451
1375 125 0.37 0.18 0.358 1.56 0.355 0.71 0.370 -0.1 0.342
1375 125 -089 043 -0.661 -041  -0.888 0.4 -0.595 104  -0.875
1375 125 -03 0.5 -0.657 -054  -0.303 0.4 -0.595 -13 -0.316
1375 125 -048 066 -0.502 -0.86  -0.480 0.56 -0.480 -153  -0.475
1375 5 -0.1 -027  -0.100 -074  -0.101 -027  -0.101 -031  -0.088
1375 5 -017 06 -0.136 -092  -0.169 0.06 -0.167 -02 -0.225
1375 5 -023 057 -0.259 0.11 -0.229 0.38 -0.233 -011  -0.165
1375 5 0.7 0.91 0.687 1.25 0.699 1.87 0.720 0.12 0.636
1375 5 0.78 1.06 0.789 1.77 0.772 1.93 0.759 0.23 0.862
1375 5 0.8 1.26 0.798 1.73 0.809 2.27 0.803 0.28 0.759
KIEEEL: polyfit(x, y, 3) VAR R A
W IE T R KIE TN :

R

4684

ys=-1.699 9 x°3-0.395 1 x%+1.370 6x+0.463 2

(8)

@GSI-55, GSI-56, % 0.6 s/r, 275 mA, 1.375,
Medium, 5 mm-S1 % 1F
KH regress(y, x, 4)—Jt 4 KRR EGIITRIE

ZERR

%% b=0.5767

EHEX A bint=

0.3847
0.5195
-1.314 2
-1.688 8

0.768 7
1.2451
0.753 8
0.310 2

0.882 3

-0.280 2

-0.689 3

stats=0.9907 71.2725 0.0139 0.0030

R?=0.990 7, F=71.2725, p=0.0030, R*# 1,
FAEARK, p (HARAN, ebEmIsR s, HE s mlnl

ys=0.576 7+0.882 3 x—0.280 2 x*-0.689 3 x°> (9)
®GSI-55, GSI-56, Z%{ 0.6 s/r, 275 mA, 1.375,
Medium, 1.25 mm-S1 & 1E
2 IE 5
ys=2.349 3+0.479 0 x-2.587 3 x?+0.773 5 x?
(10)
@GSI-55, 56, %% 0.6 s/r, 275 mA, Medium,
0.984, 1.25 mm-S1 fZiF
2 IE 5
ys=110.579 0 x*+60.030 4 x2-5.402 0 x+0.037 4
(11)
3.5 GSI-49 #= GSI-50 W/ 7 é)4% B 338 094 E 43t
R FHAR R AL IE T3, AT DAAS 3 o Ath 3 0 00 5437 8 1 e
EFERELIE R, W1 GSI-49-50, GSI-45-46, 753
S1, W1, E1, N2, W2, S2, E2 (i IE/FE. (HE,
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EEXEANRI A4 41, B2 0E 7 REACHS R 191 U1 R 5] REAS
[F], Ak IE R BRI e AR . 36 4 H TF51
GSI-49 1 GSI-50 ROI1 573, AN E N1, 81,
W1, E1 MR IEEE, IEREDHH Y Yso Yws
Ye Zame XA RFFIA R 2 BN R, 2 IS
i 2 M AR N DL, B, DR B A TR
R,

* 6 BRI IETT R BT AR
O IE 2 (M2 0.984, 1.25 mm, 3% 0.7 s/r,
FLi 260 mA, FLEF Medium)
yn=0.452 5 x* -4.689 6 x* +15.796 6 x-14.541 9
¥s=55.062 3 x°-321.752 1 x? +619.488 8 x-390.642 1
Yw=4.316 9 x*-48.567 7 x*+196.868 2 x>-338.036 8 x
+209.112 5
Ye=-1.036 5 x*+7.622 2 x*-18.785 0 x*+17.955 x-3.977 7
@FZIE ) F2E: (I21F 0.984, JZ/E 5 mm, %% 0.7 sir,
HLJ 260 mA, HLE Medium)
yw=-0.139 1 x3+1.077 22 x3-2.106 4 x+2.852 1
Yw=2.106 2 x*-11.266 6 x?+19.253 8 x-8.967 5
Ye=-0.142 8 x*+0.867 8 x>-1.068 0 x+1.923 3
O IET T : (MREF 1.375, )22 1.2 5 mm, %14 0.7 r/s,
HLY 260 mA, HLE Medium)
W=1.036 5 x*+7.622 2 x*-18.785 0 x*+17.955 0 x-
39777
¥s=1.846 5 x°-5.733 3 x*+0.806 4 x°+7.416 2 x*-
0.996 7 x-2.304 1
Yw=-21.772 4 x°+131.317 0 x*-293.458 1 x>+ 297.649 0
x2-133.925 2 x+20.993 3
Ye=4.060 8 x°+9.791 3 x*+2.533 3 x-5.603 5 x*-
1.193 7 x+0.280 5
OFRIEJRE: (BRFE 1.375, 2/ 5mm, #3H 0.7 s/r, Hiji
260 mA, 1% Medium)
W=5.691 3 x*-18.038 4 x°+16.689 8 x*-1.475 6 x-
21003
¥s=-0.303 2 x*+0.370 2 x+0.635 4 x°-0.034 7 x-
0.2337
yw=-0.212 8 x*+0.659 3 x*-0.099 4 ¥?-0.262 6 x-
0.150 6
Ve=—52.562 4 x*-28.041 7 x>+6.159 3 x%+3.805 4 x+
0.1497

[RIER, ) LA B AR AT P 2 I A R R 1 T R
AR IE R E (HIE, XA RS, AETT K
A [E] YA B P BEAN ], AEURSIE AR BRI R i e 4 AT
[l BIERERRAOC R KT 0.98, % p < 0.05,
BERIHR AT o % 3-5 Hud ‘s, AL IE i A 4

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

ACCH I, B IERRF R U .

Zie: Rl CT R, (EARRIR AR, AT
BN RS R, o] Lol A B IE A, X
W2 AT IE o a0 SR o s, SRARIE
AX() BATIIE, EARAER R W RAEE 0 R
(IR, P DA 1E 23 X (5) B AR £ [ ) 24 5K (6)
A R(T)ATRE, Bl 5 B E S A MV 2, (Hi
T8 0P TR T I B . B IE B A SC R B KT
0.98, Ht# p <0.05, HAASNAL. SEEG AL, A
LGP B (A A BRI 4 SR MR D, X SR A
B IE, A0 95% LA I HdE # T 2L B OE, RIEG
(1R B BT 1 R B S A

B Bestde, wmAig | A R N AR
089 F EAT .

TEZ Tt X &% TR, 185, eSEs Fh
2R R TERRIFRIE, ILERIEIA, BB 3
SUFE A A= I A T 4248 A SRR A gk —— R B £) 12 34:
GSI. F42(383%), AR, 22T R w5 R,
HFESHT. ABRARAL; 2L ATMEF R FAERELE . 16
FARANBE S ST &R, @i, AHAM S, T
A TR T £ st R o9 Te. R FiRIPLE.

FYREMZE: PTAAE & L RIATT S A AR AAR % A
BHR.

OB FRRRATEAANE, A AR A
I 3] A,

XELFE: LFHMALET CNKI R 5 Lkl
AARITIREE.

XEHE: XFZENDRATING EREIF, 4
SAFABRE.

TEZERT: %1k & 5 PR Ag S et L F
PE RS AT A ARIBTAE, LT RGRIEE K . EE
3ot SR R )i R BAE R IR BA AT RS 5 FAn
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XEMIR: XFHmATE TS 2R BRRALE
T RRARAR K PN
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