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Abstract : A multiresolution filtering algorithm based on the physical SPECT lesion detectability provides an optimal solution for SPECT
reconstruction problem. Related to the previous study, we estimated the SPECT lesion detection capability by m minimum detectable le-
sion sizes (MDLSs), and generated m reconstruction filters which are designed to maximize the smoothing effect at a fixed MDLS-dependent

MDLS
4207 "

ages obtained from these m filters for a given projection image. First, the local homogeneity is determined for every pixel of the filter
images, by comparing the local variance value computed in a window centered at the pixel and the mode determined from the distribu-
tion of the local variances. Based on the local homogeneity, the pixels declared as homogeneous are chosen from the filter image of the
lowest resolution, and for the other pixels the same process is repeated for the higher resolution filter images. For the non-homogeneous
pixels after this repetition process ends, the pixel values of the highest resolution filter image are substituted. From the results of the sim-
ulated experiments, the proposed multiresolution filtering algorithm showed a strong smoothing effect in the homogeneous regions and a
significant resolution improvement near the edge regions of the projection images, and so produced good adaptability effects in the recon-

The proposed multiresolution filtering algorithm used a coarse-to-fine approach for the m-level resolution filter im-

resolution level

structed images.
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{d) C, filter image for the simulated projection image of the
phantom 1 of Fig. 6., under the physical conditions of photon
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FWHM
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(bin) 7+A& 7HA 1 2z}t 128709 FA} G4 dloEjr} vtEolA
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a3 78 B4 800KS o) 42N dEE 07594 BY 28
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FWHM ZZoM o} A" FAL 4o dhsled, SPECT o]
427 AESol 2AR U} £F 4% C, TH (=123,
ol )& Heje Aue} oS C, T YT SHAE L)
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Fig. 7. (a) CJ. filter images (7=12,3,4) of 4 level resolutions and (b) the image obtained using the multiresolution filtering algorithm

(MFA) from these CJ, filter images for the projection image of the phantom 2, for the case of photon counts of 800K, object contrast
of 0.75, photon attenuation coefficient of 0.05¢m ™", and detector system resolution of 1.2 cm FWHM
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Z 2389 7|89 F$ ad vlae o A& A} 56
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¥ 8-(a)ME o4z BA ZES 058 YA ¥
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o, 1y 8-(HAME FA5 32M FZA o4z gz
€ g we 448 2Y 29 BE ATH AHE HeFn
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34 8. 2% 20f cif$t (a) X #is & (b) olAXH ZH =X Hsiol T2 Ramp, Hann, Metz TE{of 23t FBP XN 1t} HOHE c}
st e oY (MFA) S [Ty 2ot u|m
Fig. 8. Comparison for the reconstruction results of the FBP method using the Ramp, Hann, Metz fitters and those of the proposed
multiresolution filtering algorithm (MFA) for the phantom 2, with changes in {a) photon counts N and (b) object contrast co of lesions

E 1. 33 89 MTA ZojolH A OlMEHol ofst o|MTE AN hTE, % rms B, 2 S/N 8] 2%
Table 1. Lesion contrast, % rms noise, and local S/N ratio measurement focused on the lesion of interest, for the reconstruction results

of Fig. 8.
(a) B4 g zx: 05 Ramp Hann Metz MFA
La* -
B32p az) co* %rms | SNR co* %rms | SNR co* %rms { SNR co* %rms | SNR
A7 "
3.2M 1.0 cm 0.13 8.73 1.46 0.15 6.82 2.16 0.21 6.56 3.23 0.35 6.41 5.53
800K 1.0 em 0.13 12.57 1.02 0.11 7.86 1.36 0.18 7.48 2.35 0.29 6.36 4.50
200K 1.5 cm 031 2341 1.35 0.25 10.81 2.28 0.31 10.21 3.04 0.33 7.12 4.61
50K 2.0 em 0.35 33.81 1.03 0.36 13.76 2.63 0.46 1030 | 4.49 0.44 8.03 5.48
(b) FA¢: 3.2M Ramp Hann Metz MFA
Lod*
Bz az’ co* %rms | SNR co* %rms | SNR cot %rms | SNR cot %rms | SNR
=
1.0 1.0 cm 0.32 10.03 3.17 0.27 8.51 3.18 0.41 8.98 4.56 0.54 8.24 6.52
0.75 1.0 cm 0.22 9.44 2.32 0.21 7.37 2.79 0.31 7.62 4.04 0.51 7.21 7.05
05 1.0 cm 0.13 8.73 1.46 0.15 6.82 2.16 0.21 6.56 3.23 0.35 6.41 5.53
0.25 1.5 cm 0.20 8.94 2.22 0.18 7.37 2.38 0.23 6.34 3.61 0.26 6.27 4.22

*loi = BA o]Az3 (lesion of interest) o[t}

‘oo ATA GAIMS BY ol42R G4 PEE FFHolnh

£9 C, 28 94 (=1234) & o4 MFA 474 208
Holz3 gtk A2 Alxd HAEE 14 om FWHM, 32 2
HASE 005 om'H 2zt g2ESYY. 1Y 9= 4R 2
7] 2 cm9] 974 o}AzAE TFET Ys B UR: =¥
3-17 @2 gixx 2% 3-24 A AT 94 AHE A3
9. ® 28, 3Y 99 ATH 939 dstq B4 dizE 0.5
Y BA A2H 59 44 dRE, % rms F&, 23 S/N H|

24x9 FARS AFHT Yok K 24T Sl Metzs)
MFA A4 ZoMel B ojazZe) 24 S/N 1] 233
2718 228 5+ Adh. £ YAE 28 2 YL gz By
A% 254 MFAE B34 3.2M 348 A9sine Metz
As} Ao v)H G4 hZE S HolAT, WA Y
o rms FE& $F9 AIME T UYL $£F& Hx5n

o4 MFA A4 g304e 28 J83 asg pdd. oe
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(a) high-contrast cases (b) low-contrast cases
Ramp Hann Metz MFA Ramp Hann Metz MFA

3 9. 2% 3off Oist (a) =2 UxE AP ¥ (b) W2 UXET FR0ML RS Bistol W& Ramp, Hann, Metz ZE{f 2(3t FBP 74 &
et HioHE AT FEl 7|y (MFA)S| D74y A3 ajm

Fig. 9. Comparison for the reconstruction resuits of the FBP method using the Ramp, Hann, Metz filters and those of the proposed
multiresolution filtering algorithm (MFA) for the phantom 3 with changes in photon counts, for the (a) high-contrast cases and (b)
low-contrast cases

E 2. 18 99 M7y HjollA T o|MxFo| CiE olAXEN Yo tET, % rms BF, 2H S/N vi FHA
Table 2. Lesion contrast, % rms noise, and local S/N ratio measurement focused on the lesion of interest, for the reconstruction results
of Fig. 9.

(a) Bez55d Ramp Hann Metz MFA ]
B} 1::1.215 ot | %rms | SNR*| &° %rms | SNR*| co* | %rms | SNR*| ot %rms | SNR*
3.2M 0.5 029 | 826 | 350 | 028 | 829 | 336 | 041 | 7.86 | 516 | 045 | 610 | 7.44
800K 0.5 029 | 919 | 319 | 028 | 850 | 333 | 040 | 808 | 494 | 041 | 641 | 6.39
200K 0.5 0.28 | 1157 | 246 | 027 | 898 | 305 | 036 | 838 | 429 | 037 | 732 | 505
50K 05 026 | 1498 | 175 | 027 | 981 | 274 | 031 | 852 | 369 | 033 | 717 457 |

(b) Fegzxny Ramp Hann Metz MFA

Lot* — — — B —_— N
FaR dZE co* | %rms | SNR*| ¢ | %rms | SNR*| co* | %rms | SNR*| co* | %rms | SNR*
3.2M 0.5 017 | 732 | 234 | 017 | 745 | 229 | 022 | 577 | 388 | 024 | 419 | 5.72
800K | 05 017 | 815 | 206 | 017 | 753 | 223 | 021 | 609 | 352 | 021 | 467 | 46l
200K 0.5 017 | 1085 | 153 | 016 | 813 | 202 | 019 | 652 | 296 | 019 | 540 | 355
50K | 0.5 019 | 1418 | 137 | 018 | 875 [ 209 [ 019 | 725 | 264 | 019 | 572 | 335
*loi & ¥4 ol42% (lesion of interest) ofct.
“co%t SNR= B4 oj4zxdEd qd ATY G4dMY d4 dz2s 9 24 S/N 1} 2319 PFgholrh.
i of4dZF A7] (Zem) 7t FoAA AAH AT i B b) B4 200K} 50K 7 $-).
A 7] B o] 42F HEAA HAE o A% A J% 10& gxue) oj4za 77 9 zxE7 4 34 5
A7) e o A48 wedsin ok 2§ 99) MFA A7A4 o2 #alde 1Y 49 tidd, £ dE2: 3¢ (2% 4-1)
FAEE Autd oz A4 7Y XGo digt *‘EHZQOE AL 94 He 2T B9 (28 4-2) o & A+ 2FE RdE
83 a218 RoF3 o, oYdF e ¥ dx T 32 1% 109 AFA A didle] A" B o4
ofAl = FAlezt ¥ oA oS F fgdng (Il"a‘9—(a, 23 Y G R0, o] 4R g d2E, %rms FE, BH

o288 % : A19Y, A6F, 1998
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Fig. 10. Comparison for the reconstruction results of the FBP method using the Ramp, Hann, Msetz filters and those of the proposed
multiresolution filtering algorithm (MFA) for the phantom 4 with changes in photon counts, for the {a) high-contrast cases and (b)
low-contrast cases . L

E 3. I8 109 7N ZojolM 24l o)yxXof st ol A HN OixE, % rms B, 2F S/N d| £Xx|
Table 3. Lesion contrast, % rms noise, and local S/N ratio measurement focused on the lesion of interest, for the reconstruction results
of Fig. 10.

(a) 22wy Ramp Hann Metz MFA
Loi* N — — | — 1 _ —
g & cot | %rms | SNR*| co* | %rms | SNR*| co* | %rms | SNR*| co* | %rms | SNR*
A7) gze

3.2M L.2cm 1.0 0.21 11.24 1.89 0.19 11.27 | L71 0.30 11.98 2.50 0.41 10.92 3.73
800K 1.2cm 1.0 0.22 11.83 1.84 0.19 11.34 1.71 0.28 11.95 2.38 0.30 10.58 2.78
200K 2.4cm 0.5 0.26 14.09 1.87 0.25 12.42 2.03 0.34 12.08 2.84 0.32 10.65 3.00

50K 2.4cm 0.5 0.30 17.42 1.69 0.27 13.4U 201 0.31 12.72 2.43 0.34 11.01 3.06

gGoglzarnd Ramp Hann Metz MFA
Log*
F A4 - co* %rms | SNR*{ co* | %rms { SNR*| co~ | %rms | SNR*| co* %rms | SNR*
A7) Yz
D

3.2M 2.4cm 0.25 0.19 8.13 2.28 0.18 8.17 2.25 0.25 6.77 3.67 0.25 5.08 492

800K 2 4cm 0.25 0.19 9.03 2.08 0.18 8.33 2.17 0.23 7.04 3.33 0.24 5.47 4.39

200K 2 4cm 0.25 0.20 11.49 1.75 0.19 8.72 2.13 0.22 7.45 2.89 0.21 6.19 3.39
]

50K 2.4cm 0.25 0.18 14.71 1.20 0.18 9.88 1.81 0.19 8.19 2.36 0.22 6.60 3.33

— i - N S

*log &= B4 o} 423 (lesion of interest) ©]T}.

“Go%t SNRe o4 ol 32N 5o e 474 YaelMe) 94 hzs ¥ 23 S/N v 2332 Jagol.

S/NH) 2428 AFstn Yo & dzE 289 A%, 37 Aol SAE BT ARG 2 o] %A 7Y AHdAY HE
T 3.2M9} 800K Fo|A WAH MFA 274 A= Ramp, 3 aapyt 4ddoez 434 #FEd. B Yz 28 7
Hann, Metz ZE] Aajo] vla) ok} 49 Wl 34e #2& 4 oA e] MFA AFA Ad= 27] 24ems} 2% 0.259) #
8 Qe WA, 37 1.2em9} t2E 109 B o] 4230 Al o)Az Aol disle] Metz Ate} Aol v=d A4 dizkE &
qE =24 Z71E 94 dzE F3AE 8o 29 109 22 A g AFsn de O, uiF g daMs N Fe
T 3.2M9 800K -9 MFA ATH 4452, &34 A9 rms F& FFEE BAY old) wal, 27 10-(b)e] MFA A+
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