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Modeling Small-scale Patterns in
Natural Images by Sequential Eigenvalue

Problems in Sobolev Spaces
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Abstract This paper develops a new framework to character-
ize small-scale patterns. The core idea is to formulate the prob-
lem of modeling small-scale patterns by sequential minimizing
energy functionals in Sobolev spaces, leading to a sequence of
eigenvalue problems. Mathematical analysis on the structure of
the small-scale pattern at each level and the convergence behav-
ior of the proposed model are explored in detail. We obtain a
novel effective, adaptive, and hierarchical image representation.
And the model will benefit applications such as image synthesis
and computational visual perception. Numerically, small-scale
patterns can be easily computed by eigenvalue decompositions
of sparse, symmetric matrices.
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(b) fs5: # b5 B
(b) f5: The 5th step

(a) fo: ¥Htk

(a) fo: Initialization

(c) Osher W75k
(c) Osher’s method
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T, JG EHGRTT o0 Al S R REER A RIS $ L0 5 G A &
BN R, TR, i NEMTRE, TR
M3 AL SN b, AR SO AT H AT AN R R i
AR LTV, AR IRATIANG AL — L8 57 F 45U FH A 3¢
735, N RN S0 B B AN [R) R 5 40 1 45 B I A
JRENTF T

* 1 AXJj Osher K Shen (17 ikAE#GL /> B L)
FoktkRe LR
Table 1 Performances of an image of a girl at seaside using

our method, Osher’s and Shen’s methods

Py 1Q%]/19] Ej MSE), S (s)
1 0.526 743 1.699 657 115.937 981 8.6
2 0.397 080 1.158 502  57.514 313 2.2
3 0.197 199 0.489 017  22.432 833 1.1
4 0.059 262 0.107 390 2.955 714 0.3
5 0.018 960  0.050 335 1.004 100 0.2
Osher W5k 33.425 046 13.6
Shen )57k 12.258 146 19.8

(d) Shen 77k (e) BihKEIZ

(d) Shen’s method (e) Original image

1 A3riES Osher [ Shen IT5AEREL D> 4 B I g R

Fig.1 Comparison of reconstructed images of a girl at seaside using our method, Osher’s and Shen’s methods

(b) f5: % 5 5
(b) f5: The 5th step

(a) fo: #lHtk

(a) fo: Initialization

(c) Osher MJrik
(c) Osher’s method

(d) Shen M7
(d) Shen’s method

(e) Jssa K&

(e) Original image

Bl 2 A3JriiY Osher & Shen M7 ETEMIK G L& g RLER

Fig.2 Comparison of reconstructed lake images using our method, Osher’s and Shen’s methods

(a) fo: ¥IHHtL

(a) fo: Initialization

(b) fs: The 5th step

[ 4

SR & -
(b) f5: # 5% (c¢) Osher HJ57%
(c) Osher’s method

(d) Shen fri% (e) BilhHEIR

(d) Shen’s method (e) Original image

K3 A3Jriki5 Osher K Shen (5 VATER I EIG L i6 B R LEEL

Fig.3 Comparison of reconstructed images of leaves using our method, Osher’s and Shen’s methods



(a) fo! Hiahtk
(a) fo: Initialization (p)

(b) f5: #5%
(b) f5: The 5th step

(c) Osher MJrik
(c) Osher’s method

(d) Shen ffyJri
(d) Shen’s method

(e) IRKEBZ

(e) Original image

K4 A3CT7ik4 Osher & Shen [77EAE N IR L&l EE R LR

Fig.4 Comparison of reconstructed face images using our method, Osher’s and Shen’s methods

(a) fo: ¥tk

(a) fo: Initialization

(b) fs5: # 5 &
(b) fs: The 5th step

(c¢) Osher W57k
(c) Osher’s method

(d) Shen HiJri%
(d) Shen’s method

(e) JtalE &

(e) Original image

K5 A5k Osher K Shen W5 VATERFH BIG LR s R LLEL

Fig.5 Comparison of reconstructed camp images using our method, Osher’s and Shen’s methods

#* 2 ATk Osher J Shen M7 EAEBIKE % L1
FETERELLE
Table 2 Performances of a lake image using our method,
Osher’s and Shen’s methods

#* 3 AXT7ik5 Osher & Shen MTTVAFER HEIE L)
HkMERE AR

Table 3 Performances of an image of leaves using our method,

Osher’s and Shen’s methods

5 121/1€] Ey MSE; PHELIRTE (s) iias 1%]/19] Ey MSE; TSN (s))
1 0.703 612 1.718 510 112.490 141 2.6 1 0.683 682 1.250 634 127.322 243 35.6
2 0.554 921 1.185 963  61.224 309 2.2 2 0.552 619 0.880 630  71.684 791 27.2
3 0.303 038 0.611 683  21.020 049 1.0 3 0.314 016  0.499 015  26.835 314 6.6
4 0.103 646  0.145 990 3.390 131 0.4 4 0.131 733 0.171 807 3.355 769 2.4
5 0.003 259 0.041 693 1.725 042 0.1 5 0.044 362 0.089 826 1.815 234 2.0
Osher W75k 29.782 042 6.4 Osher W75k 32.230 289 56.3
Shen 75 5.541 636 9.2 Shen 17575 16.093 886 81.8

* 4 ALY Osher K Shen WVEENREE L1
AP ERilA=R5%
Table 4 Performances of an face image using our method,
Osher’s and Shen’s methods

# 5 AXJjEY Osher K Shen W VEEETE KA L1
FotkRe LR
Table 5 Performances of a camp image using our method,
Osher’s and Shen’s methods

75 1Qu1/12 E), MSE;, 5 (s) = 1Q%]/12 E), MSE), WEIA (s)
1 0.276 572 0.337 135  69.536 744 40.1 1 0.637 796 1.563 224 121.613 198 2.2
2 0.160 716  0.199 161  4.542 476 26.4 2 0.499 851 1.032 414  68.247 424 2.1
3 0.057 506 0.104 708  1.017 870 1.1 3 0.288 805 0.603 783  27.586 602 0.8
4 0.035 841 0.080 157  0.577 922 1.0 4 0.118 580 0.162 983  4.121 953 0.5
5 0.031 107 0.071 143  0.474 826 0.8 5 0.033 191  0.045 923  2.538 247 0.3
Osher [y757% 3.053 442 71.1 Osher K171k 38.470 133 6.2
Shen /7% 0.820 173 92.5 Shen 19751k 1.709 623 8.9
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