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DMIDR(Discovery Molecular Imaging Digital Ready, General Electric Healthcare, USA) is a PET/CT
scanner designed to allow application of PSF(Point Spread Function), TOF(Time of Flight) and Q.Clear
algorithm. Especially, Q.Clear is a reconstruction algorithm which can overcome the limitation of
OSEM(Ordered Subset Expectation Maximization) and reduce the image noise based on voxel unit. The
aim of this paper is to evaluate the performance of reconstruction algorithms and optimize the algorithm
combination to improve the accurate SUV(Standardized Uptake Value) measurement and lesion detectability.

PET phantom was filled with "*F-FDG radioactivity concentration ratio of hot to background was in
a ratio of 2:1, 4:1 and 8:1. Scan was performed using the NEMA protocols. Scan data was reconstructed
using combination of (DVPFX(VUE point FX(TOF)), @VPHD-S(VUE Point HD+PSF), ®VPFX-S
(TOF+PSF), (QCHD-S-400((VUE Point HD+Q.Clear(5 -strength 400)+PSF), ®QCFX-S-400(TOF +Q.Clear
(B -strength 400)+PSF), ©®QCHD-S-50(VUE Point HD+Q.Clear(8 -strength 50)+PSF) and (DQCFX-S-50
(TOF+Q.Clear(B -strength 50)+PSF). CR(Contrast Recovery) and BV(Background Variability) were
compared. Also, SNR(Signal to Noise Ratio) and RC(Recovery Coefficient) of counts and SUV were
compared respectively.

VPFX-S showed the highest CR value in sphere size of 10 and 13 mm, and QCFX-S-50 showed the
highest value in spheres greater than 17 mm. In comparison of BV and SNR, QCFX-S-400 and
QCHD-S-400 showed good results. The results of SUV measurement were proportional to the H/B ratio.
RC for SUV is in inverse proportion to the H/B ratio and QCFX-S-50 showed highest value. In addition,
reconstruction algorithm of Q.Clear using 400 of § -strength showed lower value.

When higher § -strength was applied Q.Clear showed better image quality by reducing the noise. On
the contrary, lower § -strength was applied Q.Clear showed that sharpness increase and PVE(Partial
Volume Effect) decrease, so it is possible to measure SUV based on high RC comparing to conventional
reconstruction conditions. An appropriate choice of these reconstruction algorithm can improve the
accuracy and lesion detectability. In this reason, it is necessary to optimize the algorithm parameter
according to the purpose.

DMIDR, Q.Clear, Contrast Recovery(CR), Background Variability(BV)
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Fig. 1. Discovery MIDR scanner was used for data acquisition.
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Fig. 3. Region of interest(ROI) placed over the sphere and ba.
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Fig. 4. Experiments were carried out with seven combinations of
reconstruction and correction algorithms,
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Fig. 5. Contrast recovery graphs of each reconstruction combination on NEMA 2007/IEC 2008 phantom.
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Fig. 6. Background variability graphs of each reconstruction combination on NEMA 2007/IEC 2008 phantom.
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Fig. 7. Signal to noise ratio graphs of each reconstruction combination on NEMA 2007/IEC 2008 phantom.,
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Fig. 8. SUV graphs of each reconstruction combination on NEMA 2007/IEC 2008 phantom.
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Fig. 9. Recovery coefficient graphs of each reconstruction combination on NEMA 2007/IEC 2008 phantom.

Table 1. Contrast recovery for different reconstruction Table 2. Background variability for different reconstruction
combinations combinations

H/B RATIO 2:1| 10mm 13mm 17mm 22mm 28mm 37mm H/B RATIO 2:1| 10mm 13mm 17mm 22mm 28mm 37mm
VPFX 397 559 51.7 62.6 81.0 874 VPFX 102 73 53 42 3.5 28
VPHD_S 292 594 533 67.7 653 723 VPHD_S 9.0 75 6.0 51 45 35
VPFX_S 456 66.1 59.2 68.9 82.0 88.1 VPFX S 97 77 5.9 49 42 34
QCHD_S_B400 14 16.5 343 54.0 62.8 704 QCHD_S_B400 37 3.2 26 22 1.9 18
QCFX_S_B400 84 219 343 51.5 763 84.3 QCFX_S_B400 3.8 3.1 26 23 20 18
QCHD_S_B50 304 619 583 754 79.3 80.9 QCHD_S_B50 9.2 70 5.3 42 35 27
QCFX_S5_B50 445 60.8 56.3 705 87 91.1 QCFX_S_B50 80 59 42 36 3.2 25

H/B RATIO 4:1| 10mm 13mm 17mm 22mm 28mm 37mm H/B RATIO 4:1| 10mm 13mm 17mm 22mm 28mm 37mm
VPFX 50.5 60.6 58.7 731 828 87.5 VPFX "7 86 62 48 39 30
VPHD_S 495 65.6 66.0 722 69.1 736 VPHD_S 109 89 7.1 58 47 35
VPFX_S 64.6 749 655 779 84.0 88.3 VPFX_S 11.0 86 66 53 43 33
QCHD_S_B400 19.9 35.6 540 67.5 65.3 72.2 QCHD_S_B400 4.1 36 29 25 22 19
QCFX_S_B400 303 49.8 605 734 79.1 85.9 QCFX_S_B400 4.2 35 29 24 2.1 18
QCHD_S_B50 52.0 637 699 773 80.6 82.2 QCHD_S _B50 107 8.1 6.1 46 37 28
QCFX_S_B50 59.7 714 69.9 80.5 88.5 91.6 QCFX_S_B50 92 6.6 4.9 39 3.1 24

H/B RATIO 8:1| 10mm 13mm 17mm 22mm 28mm 37mm H/B RATIO 8:1| 10mm 13mm 17mm 22mm 28mm 37mm
VPFX 517 62.2 62.7 70.8 814 85.9 VPFX 9.2 74 6.2 48 36 27
VPHD_S 636 765 686 744 65.1 76.9 VPHD_S 8.0 70 6.0 5.0 39 33
VPFX_S 732 784 70.2 77.5 826 86.6 VPFX_S 9.0 75 6.2 5.0 39 30
QCHD_S_B400 | 294 51.6 61.9 69.7 622 755 QCHD_s_B400 3.1 2.8 2.6 23 2.1 20
QCFX_S_B400 | 43.1 61.2 67.7 74.0 787 83.8 QCFX_S_B400 35 3.2 29 25 22 19
QCHD_S_B50 61.1 738 73.1 773 762 86.2 QCHD_S_B50 74 58 48 40 3.1 27
QCFX_S_B50 69.0 77.0 747 79.2 874 90.1 QCFX_S_B50 6.9 54 46 37 29 23
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Table 3. Signal to noise ratio for different reconstruction

Table 5. Recovery coefficient for different reconstruction

combinations combinations
H/B RATIO 2:1| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm H/B RATIO 2:1| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm
VPFX 825 344 340 426 1.56 1.75 VPFX 0.68 082 1.02 0.89 0.10 0,05
VPHD_S 11.75 908 7.88 893 357 450 VPHD-S 0.64 082 0.89 0.89 0.17 0.12
VPFX_S 8.67 593 6.61 5.21 2.00 233 VPFX-S 0.89 1.09 1.02 1.02 0.08 0.05
QCHD_S_B400 | 26.00 15.83 13.75 9.85 2.67 3.00 QCHD-5-400 0.53 0.65 0.75 0.89 0.16 0.12
QCFX_S_B400 | 20.75 13.25 8.27 838 1.88 1.60 QCFX-$-400 0.57 0.75 0.82 0.89 0.10 0.05
QCHD_5B50 | 7.00 353 5.69 5.69 1.75 240 QCHD-5-50 0.75 102 1.02 1.02 0.10 0.08
QCFXSB50 | 635 464 534 5.65 1.50 167 QCFX-5-50 0.89 102 1.09 1.02 0.06 003
H/B RATIO 41| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm H/B RATIO 41| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm
VPFX 3.98 486 6.84 578 1.29 317 VPFX 0.81 092 0.9 097 0.04 009
VPHD_S 6.52 584 7.24 948 3.00 350 VPHD-S 0.81 099 1.08 099 0.08 0.06
VPFX_S 5.00 590 6.94 6.22 1.60 1.50 VPFX-S 0.99 108 1.04 0.99 0.04 0.03
QCHD_S_B400 991 7.50 7.88 7.71 2.38 2.80 QCHD-5-400 0.50 063 0.90 0.99 0.09 0.06
QCFX_5.B400 | 7.1 559 6.67 936 157 150 QCFX-5-400 063 081 0.99 1.04 0.05 003
QCHD_S_B50 373 5.54 6.45 7.90 1.71 2.25 QCHD-S-50 0.86 0.99 1.13 1.04 0.05 0.04
QCFXS_B50 | 400 595 6.69 7.06 1.20 133 QCFX-5-50 0.99 108 1.08 1.04 0.03 002
H/B RATIO 8:1| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm H/B RATIO 8:1| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm
VPFX 3.51 429 3.56 478 1.83 1.50 VPFX 053 065 0.72 079 0.02 002
VPHD_S 713 449 349 4.03 3.67 320 VPHD-S 0.39 067 0.76 0.83 0.04 0.03
VPFX_S 463 397 312 471 2.20 2.00 VPFX-S 0.53 0.78 0.87 087 0.02 0.01
QCHD_S_B400 824 479 3.64 416 3.13 2.14 QCHD-5-400 0.37 0.65 0.67 0.79 0.04 0.03
QCFX_5_B400 | 509 421 358 436 214 1.80 QCFX-5-400 051 0.71 0.76 0.85 0.03 002
QCHD_SB50 | 433 400 400 445 214 1.60 QCHD-5-50 051 078 0.78 0.87 0.03 001
QCFXSB50 | 339 380 346 493 1.60 167 QCFX-5-50 0.62 083 0.85 0.88 0.01 001
Table 4. SUV for different reconstruction combinations il 7;!'
H/B RATIO 2:1| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm
VPFX 17 19 19 17 1 09
VPHD S 13 2 19 19 1 09 7129 34 Q1 G4 A3 Q1 OSEM ¥4l 0]-8-3}0]
wes [ a7 [ar [z2 [oas 1o T 09 NES 3152 27PA17 7 olliz WhE gle) Zlo] wjef AlE
QCHD_S_B400 1 12 15 17 1 1 RO Bl L Tl 2.0 e Jo
QCFX_S B400 | 11 14 17 18 1 1 42 I STVt AR S S Har Ao s 74
acosso | ta [z [ |1 1 [0 2 Qe ABIA Hol MRS Z7D 9ol
H/B RATIO 41| 10mm | 13mm | 17mm | 22mm | 28mm | 37mm Zgo] ul$- AeA A Href YUk Q.Cleart o]} 7P%
VPFX 28 31 3.1 32 09 09 HEE LA H ol A HE Bl 053] 2 Z7 A A &85 A
S T O Y T T oA ReE GAFel B Qo W o RS ol ek of
QCHD.SB400 | 17 2.1 29 33 09 09 Uz} 23t9] o -2 AR 7| = Ao| 71551 stk o=
ol fu b L0 o A e e BIL Gaesin
QCFX_5.50 33 37 36 35 09 09 Penalised Likelihood) 2743 HH o] 712&2] OSEM |44 vF
H/B F\{/AP'II:'LO 8:1 1(1rzm 13;:“1 17;;m 225r2m 2802m 370rj|;m é}oﬂ H]’SH ’ﬂi EH 71(:1]'% ol *]i EH HH%‘ H](ratio)g 371] %7}_
VPHD.S 54 7 54 55 08 08 A|AF=7] gl&o|t}” EFFQ.Clears 283 79 712 A+t
VPFX_S 66 7.1 56 56 08 07 HrH 3] o o 1. v
QCHDSB400 | 28 49 52 55 08 07 3 el wIsfel Fde] CRE 3z0pAlal BV soblz] = of
QCFX_S.8400 | 4 57 57 58 08 07 I A kA o] JARS AL 4= 9l A Frt Y Q.Clear:= o]
QCHD.5.50 56 67 >8 57 08 08 3t AlS RS-0 TaE 915ke] BSREM (Block Sequential
QCFX_S_50 6.5 6.9 59 58 0.8 0.7

Regularized Expectation Maximization) &1 28]&2 A3
o, o] HPAL e ALB AL o] A EE HES 2HE 4 ol
HBAFE A AI71(8 -strength) S 0-1000717] Ljiro] 24
o] 7Fs3tH o]e} &2 TAE 2H5 Fal Al eizol AlA
e AreE 28T 5 QU e 2 Atoll A= A el
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