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Abstract This paper presents a material estimation method using dual-energy X-ray
images generated as a result of cargo inspection system in MeV region. We use new
discrimination curve using logarithmic function rather than four discrimination curves commonly
used in existing estimation algorithms. We also propose an atomic number estimation using the
probability distribution of the logarithmic curve rather than linear interpolation. When the
probability distribution is used as a weight, we used two methods of using the weight for the
two nearest reference materials and the weight for all the reference materials. Experimental
results showed that the atomic number estimation of materials using the probability distribution
as a weight is more accurate than the existing methods. In order to visualize the estimated
atomic number, the HSI model was used for color the resulting image.
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Thickness
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Fig. 11 Experimental Material Image.

Table 2 Thicknesses of Experimental Materials
(Data Set for Constructing the

Discrimination Curve, mm)

T1 T2 T3 T4
Lead 10 20 40 60
Stannum 13 26 51 7
Steel 15 30 60 90
Aluminum 40 80 160 250
Graphite 100 200 400 600
Acrylic 100 200 400 600
water 100 100 300 400
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Table 3 Thicknesses of Experimental Materials
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T2+T1 T3+T1
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water 200 300
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Table 4 Results by linear Interpolation Based Sn(50) Pb(82) Acrylic(5.5)
Method(T2+T1) UVE ITMSE | AVG | MSE | AVG | MSE | AVG
Ln 202 | 4813 | 1923 | 6696 | 122 | 660
curve ) LD ) Ln2 | 913 | 5200 | 411 | 80.04 | 301 | 845
MSE | AVG | MSE | AVG | MSE | AVG
Ln6 | 1484 | 6480 | 1435 | 69.70 | 1.82 | 7.23
Ln 089 | 676 | 097 | 1210 | 1.16 | 27.01
a 071 | 647 | 099 | 1207 | 143 | 2727
R 1.96 794 | 1.09 | 1197 | 287 | 2881 Table 7 Results by Probability Distribution Based
HL 096 | 512 | 182 | 11.23 | 044 | 2595 Method (T3+T1)
Banana 0.96 5.12 1.82 11.23 0.44 25.94
C(6) Al(13) Fe(26)
Sn(50) Pb(82) e V€ ITMSE | AVG | MSE | AVG | MSE | AVG
curve
MSE | AVG | MSE | AVG | MSE | AVG Ln 083 | 539 | 1.03 | 1198 | 156 | 2453
Ln 202 | 4813 | 1923 | 6696 | 1.22 | 660 Ln2 134 | 581 | 072 | 1229 | 062 | 2543
a 135 | 4895 | 1774 | 6586 | 158 | 697 Ln6 036 | 633 | 059 | 1232 | 036 | 2565
R 058 | 5899 | 3272 | 5895 | 1.83 | 726 S ) pr——
HL 195 | 4844 | 1829 | 6489 | 146 | 6.82 curve T ave | MSE | Ave | MSE | AVG
Banana | 174 | 4845 | 1826 | 64.92 | 145 | 6.84 Ln 06l | 5918 | 5262 | 2075 | 05 539
Ln2 | 2729 | 7726 | 80 | 90.00 | 080 | 6.12
Table 5 Results by linear Interpolation Based Ln6 | 1490 | 6489 | 80 | 90.00 | 048 | 593
Method(T3+T1)
; = = Q3
C(6) AI(13) Fe(26) Fig. 12 Ln67]25 &3 AL} Feel
CUV€ ITMSE | AVG | MSE | AVG | MSE | AVG T2+T13 T3+T19 AUz Fd ZA3Es Z+
Ln 083 | 539 | 1.03 | 1198 | 156 | 2453 sz e agzoltt ¥ Ed RE X
a 083 | 667 | 101 | 11.99 | 1.32 | 24.76 1 Tl o BEAo oJers we 1Aty
R 1926 | 1036 | 035 | 12.88 | 131 | 24.77 Brol Zgo] Asaa] AU o1 o]9e o
HL 090 | 679 | 1.01 | 1200 | 1.37 | 24.72 y ., Mo aaws S A o
3| T‘:_‘ % — HA 1l <
Banana | 089 | 678 | 1.01 | 1200 | 138 | 2470 I A= A A Fgel & ol
Sn(50) Ph(82) Acrylic(5.5) FoAE Red 2 Sl
n crylic(5. X o olEnlio = o o
CUVe TMSE | AVG | MSE | AVG | MSE | AVG Fig. 132 5wwel T2 ANl 1,/1,°]
Ln 961 | 59.18 | 5262 | 2975 | 050 | 539 BEYE Jgud RAoZ JlACr Y E EH9
a 564 | 54.82 | 1800 | 100.00 | 050 | 5.00 AAHE FAH FEEILE T JEXE F
R 638 | 55.37 | 77.00 | 5.00 | 94.50 | 100.00 435t= wAo] B &S o 4 9l 1
HL 5.51 54.78 | 18.00 | 100.00 | 0.50 5.00 9] Ao taA SAEA ter BxE
Banana | 551 | 54.78 | 18.00 | 100.00 | 050 | 5.00 I
&S AT 5 UG

Table 6 Results by Probability Distribution Based
Method (T2+T1)

C(6) Al(13) Fe(26)
curve
MSE AVG MSE AVG MSE AVG
Ln 0.89 6.76 0.97 12.10 1.16 | 27.01
Ln2 1.70 7.63 1.31 14.03 | 0.60 | 26.55
Ln6 0.84 6.72 0.52 12.74 150 | 27.05
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