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1. More Visual Comparisons of SISR 4×

We provide more visual comparisons of 4× SISR be-
tween our proposed SROOE and other state-of-the-art
methods including a distortion-oriented method, RRDB [7],
and perception-oriented methods, such as SRGAN [2], ES-
RGAN [7], SFTGAN [6], RankSRGAN [8], SRFlow [3],
SPSR [4], in Fig. from 1 to 6. Among the seven perception-
oriented SR methods, the best performances are highlighted
in red.

2. Performance Comparison of SISR 8×

Quantitative Comparison. Table 1 shows the quan-
titative performance comparison for 8× SISR. We com-
pared it with a distortion-oriented method, RRDB [7], and
perception-oriented methods, such as ESRGAN [7], SR-
Flow [3], and FxSR [5]. The table shows that our method
yields the best results among the perception-oriented meth-
ods on all datasets, in terms of PSNR, SSIM, LPIPS and
DISTS [1]. However, in LR-PSNR, unlike SR 4×, less than
45 dB indicates that LR consistency needs improvement.

Qualitative Comparison. Fig. 7 and Fig. 8 show visual
comparisons, where we can observe that SROOE generates
more accurate and cleaner structures with less unnatural de-
tails. Among the four perception-oriented SR methods, the
best performances are highlighted in red.

3. Performance comparison of SR results of
ESRGAN models with different weight vec-
tors for perceptual loss

Table 2 shows the data befor normalization. Min-max
normalization used for Table 1 in the main paper used is as
follows:

x′ = (x− min(x))/(max(x)− min(x)). (1)
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0812 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (28.70 / 0.8490 / 0.2400) (28.62 / 0.8447 / 0.2412) (24.76 / 0.7392 / 0.1333) (24.52 / 0.7451 / 0.1294)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(25.54 / 0.7434 / 0.1399) (25.10 / 0.7400 / 0.1269) (26.33 / 0.7539 / 0.1262) (25.17 / 0.7525 / 0.1194) (26.37 / 0.7847 / 0.1004)

0820 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (25.85 / 0.8463 / 0.1934) (25.60 / 0.8402 / 0.1950) (22.37 / 0.7455 / 0.1443) (22.22 / 0.7554 / 0.1430)

OOE Map (T̂B ) SFTGAN RankSRGAN SRFlow SPSR SROOE
(22.34 / 0.7350 / 0.1568) (22.35 / 0.7432 / 0.1447) (23.83 / 0.7755 / 0.1294) (22.99 / 0.7721 / 0.1244) (24.11 / 0.8020 / 0.1111)

0825 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (27.99 / 0.8501 / 0.2343) (27.85 / 0.8473 / 0.2321) (25.28 / 0.7527 / 0.1210) (25.59 / 0.7656 / 0.1143)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(24.98 / 0.7489 / 0.1372) (25.13 / 0.7365 / 0.1243) (26.09 / 0.7728 / 0.1199) (25.31 / 0.7524 / 0.1108) (25.89 / 0.7713 / 0.1033)

Figure 1. Visual comparison with state-of-the-art methods for 4× SR results. Among the seven perception-oriented SR methods, the best
performances are highlighted in red.



0826 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (24.70 / 0.7998 / 0.2529) (24.59 / 0.7938 / 0.2548) (22.48 / 0.7175 / 0.1445) (22.56 / 0.7311 / 0.1341)

OOE Map (T̂B ) SFTGAN RankSRGAN SRFlow SPSR SROOE
(22.68 / 0.7064 / 0.1652) (22.58 / 0.7139 / 0.1394) (22.81 / 0.7107 / 0.1456) (22.32 / 0.7238 / 0.1301) (22.81 / 0.7446 / 0.1119)

0831 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (31.20 / 0.9042 / 0.1468) (31.08 / 0.9000 / 0.1543) (28.50 / 0.8374 / 0.1027) (28.69 / 0.8520 / 0.0922)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(27.79 / 0.8149 / 0.1246) (28.25 / 0.8273 / 0.1047) (29.42 / 0.8410 / 0.0914) (28.04 / 0.8531 / 0.0918) (29.83 / 0.8740 / 0.0738)

0837 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (26.80 / 0.8637 / 0.1873) (26.66 / 0.8596 / 0.1855) (24.42 / 0.7896 / 0.1199) (24.69 / 0.8068 / 0.1139)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(24.01 / 0.7621 / 0.1490) (24.28 / 0.7821 / 0.1214) (24.89 / 0.7892 / 0.1188) (24.50 / 0.8000 / 0.1058) (25.04 / 0.8194 / 0.0964)

Figure 2. Visual comparison with state-of-the-art methods for 4× SR results. Among the seven perception-oriented SR methods, the best
performances are highlighted in red.



0861 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (23.56 / 0.7929 / 0.2319) (23.44 / 0.7894 / 0.2276) (20.94 / 0.6912 / 0.1753) (20.67 / 0.6827 / 0.1683)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE (T̂B )
(21.05 / 0.6502 / 0.2018) (21.28 / 0.6969 / 0.1696) (21.69 / 0.7028 / 0.1619) (20.61 / 0.6960 / 0.1602) (21.72 / 0.7375 / 0.1339)

0876 (DIV2K) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (22.36 / 0.6364 / 0.4542) (22.32 / 0.6330 / 0.4454) (19.71 / 0.4937 / 0.2314) (19.50 / 0.5050 / 0.2151)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(20.40 / 0.5038 / 0.2837) (20.13 / 0.5090 / 0.2325) (20.45 / 0.5335 / 0.2229) (19.59 / 0.5081 / 0.2101) (20.27 / 0.5576 / 0.1963)

img 004 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (23.26 / 0.8722 / 0.1641) (22.99 / 0.8621 / 0.1625) (20.67 / 0.7782 / 0.1731) (20.70 / 0.7934 / 0.1554)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(20.60 / 0.7807 / 0.1527) (20.86 / 0.7764 / 0.1604) (21.74 / 0.8113 / 0.1287) (21.37 / 0.8131 / 0.1309) (22.66 / 0.8466 / 0.1176)

Figure 3. Visual comparison with state-of-the-art methods for 4× SR results. Among the seven perception-oriented SR methods, the best
performances are highlighted in red.



img 038 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (26.46 / 0.7007 / 0.2661) (26.20 / 0.6835 / 0.2733) (23.83 / 0.5613 / 0.1940) (22.75 / 0.5255 / 0.1449)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(23.42 / 0.5266 / 0.1700) (23.81 / 0.5508 / 0.1672) (23.91 / 0.5640 / 0.1458) (22.95 / 0.5440 / 0.1589) (24.26 / 0.5980 / 0.1206)

img 042 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (28.46 / 0.9110 / 0.0848) (28.12 / 0.9065 / 0.0971) (25.64 / 0.8543 / 0.0790) (25.96 / 0.8753 / 0.0672)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(25.83 / 0.8590 / 0.0737) (25.64 / 0.8530 / 0.0820) (27.12 / 0.8605 / 0.0751) (26.04 / 0.8647 / 0.0643) (27.64 / 0.8953 / 0.0626)

img 044 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (32.09 / 0.9026 / 0.0741) (31.83 / 0.8973 / 0.0748) (27.91 / 0.8137 / 0.1102) (27.78 / 0.8177 / 0.1082)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(26.44 / 0.7813 / 0.1395) (27.26 / 0.7958 / 0.1406) (29.25 / 0.8341 / 0.0937) (28.67 / 0.8300 / 0.1052) (31.09 / 0.8885 / 0.0765)

Figure 4. Visual comparison with state-of-the-art methods for 4× SR results. Among the seven perception-oriented SR methods, the best
performances are highlighted in red.



img 062 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (21.09 / 0.8580 / 0.1127) (20.95 / 0.8482 / 0.1138) (18.95 / 0.7551 / 0.1364) (18.87 / 0.7754 / 0.1030)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(19.32 / 0.7586 / 0.1167) (19.06 / 0.7432 / 0.1359) (19.85 / 0.7949 / 0.1037) (19.25 / 0.7825 / 0.1002) (20.52 / 0.8387 / 0.0827)

img 065 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (24.42 / 0.7695 / 0.2207) (24.28 / 0.7602 / 0.2258) (21.81 / 0.6376 / 0.1728) (19.88 / 0.5856 / 0.2065)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(21.17 / 0.6040 / 0.1891) (21.95 / 0.6401 / 0.1750) (22.72 / 0.6883 / 0.1420) (21.35 / 0.6522 / 0.1547) (22.88 / 0.7137 / 0.1248)

img 069 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (24.11 / 0.7855 / 0.2450) (23.92 / 0.7770 / 0.2532) (21.83 / 0.6978 / 0.1545) (21.95 / 0.7159 / 0.1338)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(21.68 / 0.6862 / 0.1369) (22.01 / 0.6925 / 0.1465) (22.49 / 0.6971 / 0.1907) (21.90 / 0.7025 / 0.1365) (22.58 / 0.7468 / 0.1273)

Figure 5. Visual comparison with state-of-the-art methods for 4× SR results. Among the seven perception-oriented SR methods, the best
performances are highlighted in red.



img 076 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (23.22 / 0.8039 / 0.2398) (22.89 / 0.7918 / 0.2425) (19.48 / 0.6399 / 0.2219) (19.79 / 0.6770 / 0.2101)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(19.46 / 0.6303 / 0.2111) (19.47 / 0.6347 / 0.2114) (20.60 / 0.6871 / 0.2050) (20.40 / 0.6989 / 0.1988) (22.09 / 0.7636 / 0.1569)

img 078 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (27.40 / 0.7886 / 0.2711) (27.13 / 0.7788 / 0.2775) (23.98 / 0.6854 / 0.1973) (25.22 / 0.7023 / 0.1650)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(24.81 / 0.6754 / 0.1847) (24.63 / 0.6678 / 0.1831) (25.43 / 0.6909 / 0.1740) (25.09 / 0.6919 / 0.1599) (26.49 / 0.7410 / 0.1440)

img 093 (Urban100) HR RRDB SROOE (T = 0) SRGAN ESRGAN
(PSNR↑ / SSIM↑ / LPIPS↓) (29.44 / 0.9314 / 0.0644) (29.18 / 0.9285 / 0.0638) (25.00 / 0.8722 / 0.0519) (26.75 / 0.8958 / 0.0398)

OOE Map (T̂B) SFTGAN RankSRGAN SRFlow SPSR SROOE
(26.82 / 0.8945 / 0.0451) (24.53 / 0.8485 / 0.0590) (27.97 / 0.8774 / 0.0303) (25.84 / 0.8761 / 0.0396) (28.21 / 0.8976 / 0.0272)

Figure 6. Visual comparison with state-of-the-art methods for 4× SR results. Among the seven perception-oriented SR methods, the best
performances are highlighted in red.



Table 1. Comparison with state-of-the-art SR 8× methods on benchmarks. The 1st and the 2nd best performances for each group are
highlighted in red and blue, respectively. LR-PSNR values greater than 45dB are underlined.

Distortion-oriented SR Perception-oriented SR

Model RRDB [7] SRFlow
(τ = 0) [3]

FxSR
(T = 0) [5]

SROOE
(T = 0) ESRGAN [7] SRFlow

(τ = 0.9) [3]
FxSR

(T = 0.8) [5] SROOE (T̂B )

Training dataset DIV2K DF2K DIV2K DF2K DF2K+OST DIV2K DIV2K DF2K

BSD100

PSNR↑ 23.57 23.37 23.60 23.61 21.11 21.66 21.93 22.23
SSIM↑ 0.5708 0.5428 0.5728 0.5718 0.4658 0.4632 0.5039 0.5164
LPIPS↓ 0.5548 0.5303 0.5079 0.5378 0.3103 0.3238 0.3129 0.2996
DISTS↓ 0.2941 0.3183 0.2753 0.2861 0.1881 0.2068 0.1972 0.1891

LR-PSNR↑ 46.23 52.39 47.12 45.34 33.81 51.09 42.41 43.57

Urban100

PSNR↑ 21.10 20.91 21.37 21.37 18.82 19.41 19.88 20.17
SSIM↑ 0.5999 0.5735 0.6122 0.6114 0.5005 0.5013 0.5510 0.5696
LPIPS↓ 0.4082 0.3735 0.3454 0.3720 0.2701 0.2965 0.2461 0.2449
DISTS↓ 0.2599 0.2468 0.2193 0.2344 0.1673 0.2039 0.1695 0.1558

LR-PSNR↑ 42.98 50.90 44.28 42.91 29.93 48.94 40.62 42.45

Manga109

PSNR↑ 23.05 22.63 23.23 23.26 20.78 20.65 21.86 22.10
SSIM↑ 0.7516 0.7183 0.7527 0.7545 0.6585 0.6439 0.7001 0.7094
LPIPS↓ 0.2457 0.2419 0.2097 0.2242 0.1823 0.2188 0.1640 0.1578
DISTS↓ 0.1495 0.1627 0.1272 0.1339 0.0999 0.1337 0.0980 0.0862

LR-PSNR↑ 43.03 49.16 42.78 42.40 32.09 45.56 40.89 42.45

DIV2K

PSNR↑ 25.50 25.09 25.60 25.61 22.58 23.04 23.56 23.92
SSIM↑ 0.6960 0.6589 0.6989 0.6978 0.5891 0.5728 0.6241 0.6377
LPIPS↓ 0.4227 0.4033 0.3857 0.4071 0.2421 0.2719 0.2402 0.2238
DISTS↓ 0.2185 0.2342 0.1953 0.2073 0.1045 0.1386 0.1190 0.1075

LR-PSNR↑ 46.35 51.28 46.96 45.68 33.15 50.26 42.66 44.08

Table 2. Performance comparison of SR results of ESRGAN models with different weight vectors for perceptual loss. Among the objectives
in Sets A and B, except for λ0, the 1st and the 2nd best performances for each column are highlighted in red and blue.

Set objec λper Lperl
Metric

-tive [λV12, λV22, λV34, λV44, λV54] LV12 LV22 LV34 LV44 LV54 PSNR LPIPS

λ0 [0.0, 0.0, 0.0, 0.0, 0.0] 0.6459 1.8793 3.9235 2.2091 1.2767 25.48 0.1960

A λ1 [1.0, 0.0, 0.0, 0.0, 0.0] 0.8320 2.0275 3.8340 1.9804 1.0480 23.95 0.1124
λ2 [0.0, 1.0, 0.0, 0.0, 0.0] 0.8322 1.9523 3.6789 1.9200 1.0171 23.84 0.1125
λ3 [0.0, 0.0, 1.0, 0.0, 0.0] 0.8565 2.0222 3.5480 1.8452 0.9841 23.66 0.1124
λ4 [0.0, 0.0, 0.0, 1.0, 0.0] 0.8844 2.0977 3.7413 1.8777 0.9890 23.28 0.1158
λ5 [0.0, 0.0, 0.0, 0.0, 1.0] 0.9051 2.1593 3.8985 1.9565 1.0085 23.00 0.1232

B λ1 [1.0, 0.0, 0.0, 0.0, 0.0] 0.8320 2.0275 3.8340 1.9804 1.0480 23.95 0.1124
λ1-2 [1/2, 1/2, 0.0, 0.0, 0.0] 0.8112 1.9432 3.6740 1.9114 1.0125 24.08 0.1075
λ1-3 [1/3, 1/3, 1/3, 0.0, 0.0] 0.8468 1.9964 3.5846 1.8532 0.9821 23.81 0.1112
λ1-4 [1/4, 1/4, 1/4, 1/4, 0.0] 0.8474 2.0085 3.6174 1.8489 0.9765 23.68 0.1110
λ1-5 [1/5, 1/5, 1/5, 1/5, 1/5] 0.8439 2.0085 3.6174 1.8515 0.9821 23.74 0.1114



0825 (DIV2K) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (20.11 / 0.4928 / 0.2632) (20.73 / 0.4854 / 0.3023) (20.87 / 0.5467 / 0.2514) (21.44 / 0.5592 / 0.2363)

0830 (DIV2K) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (19.39 / 0.4945 / 0.2433) (20.12 / 0.4901 / 0.2932) (19.83 / 0.5251 / 0.2508) (20.56 / 0.5464 / 0.2216)

0879 (DIV2K) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (20.58 / 0.6657 / 0.1632) (21.65 / 0.6318 / 0.1809) (21.86 / 0.6988 / 0.1545) (22.61 / 0.7156 / 0.1503)

img 020 (Urban100) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (15.61 / 0.4042 / 0.3088) (16.08 / 0.4213 / 0.3032) (16.46 / 0.4631 / 0.2913) (16.66 / 0.4678 / 0.2731)

img 052 (Urban100) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (20.21 / 0.6568 / 0.1543) (20.93 / 0.6271 / 0.2003) (21.37 / 0.6942 / 0.1266) (22.14 / 0.7394 / 0.1080)

img 087 (Urban100) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (19.96 / 0.6284 / 0.1540) (21.06 / 0.6440 / 0.1904) (21.07 / 0.6840 / 0.1434) (21.66 / 0.7075 / 0.1301)

Figure 7. Visual comparison with state-of-the-art methods for 8× SR results. Among the four perception-oriented SR methods, the best
performances are highlighted in red.



img 088 (Urban100) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (13.56 / 0.2169 / 0.3361) (14.02 / 0.2167 / 0.3376) (14.50 / 0.2788 / 0.3058) (14.55 / 0.2884 / 0.3000)

img 092 (Urban100) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (13.77 / 0.3392 / 0.4456) (14.04 / 0.3545 / 0.4482) (14.35 / 0.4190 / 0.3933) (15.07 / 0.4578 / 0.3865)

img 096 (Urban100) HR ESRGAN SROOE (τ = 0.9) FxSR (T = 0.8) SROOE (T̂B )
(PSNR↑ / SSIM↑ / LPIPS↓) (17.47 / 0.5633 / 0.2943) (16.66 / 0.5195 / 0.3393) (19.03 / 0.6632 / 0.2291) (19.19 / 0.6680 / 0.2290)

Figure 8. Visual comparison with state-of-the-art methods for 8× SR results. Among the four perception-oriented SR methods, the best
performances are highlighted in red.


