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Research on Multi-hypothesis Residual Reconstruction Algorithm
Based on Adaptive Sampling
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Abstract To guarantee an adequate quality reconstruction of remote sensing video and to make use of the character
of mass information redundancy in video, this paper proposes a kind of adaptive sampling and multi-hypothesis residual
reconstruction model and algorithm based on the framework called distributed video compressed sensing (DVCS). Firstly,
the current frame is predicted, then sampling rates are adaptively allocated according to the precise degrees of the blocks
in the predicted frame. Afterwards, the current frame is reconstructed using the variable sampling rates multi-hypothesis
residual reconstruction algorithm. Finally, the reconstructed frame is revised by bilateral motion estimation technic.
Simulation shows that the proposed model and algorithm can assure low sampling rate and high reconstruction quality
simultaneously, and that the model can offer a PSNR gain of around 7dB higher the MC-BCS-SPL algorithm, and a gain
of around 1dB than higher the MH-BCS-SPL algorithm when the sampling rates are same.

Key words Remote sensing video, compressed sensing (CS), adaptive sampling, multi-hypothesis prediction, bilateral
motion estimation

Citation An Wen, Liu Kun, Wang Jie. Research on multi-hypothesis residual reconstruction algorithm based on adaptive
sampling. Acta Automatica Sinica, 2017, 43(12): 2190—2201

H AT, B E DR EG SR ER AR EEE 02 23R e 02 R

H fii 4w, SRR M s & R, 0 TR R 48 R 2T, U S M el e e — 5 T

fitt . AEPEAE S A, T L AE S im A HME IG5 0E By, W AR 40 /N T 15 5 i I 6 0 A g 1
ARG AT, FEAE MR Xt G SR A, B SRR SIS T A A 5 1O

4580 (Compressed sensing, CS) B2 fig4T T 5 n] AR A AE B[R] 4E B E i e R

% Shannon-Nyquist SRAEEHPRRE], H 2006 4F 155, WELHEH (Compressed video sensing,

i Donoho. Candés Jz Tao S DK, 53] TE  CVS) HERIF AAMES 1Y H 4 I & AL AE 5 11

WA TR SRR, F5 KR

YR FLW 2016-05-10 5 [0 2016-12-10 HIR, FH BRI R RE R, R4 R R

Manuscript received May 10, 2016; accepted December 10, 2016 %; Wﬁﬁgﬁg‘ %ﬁi*@ Hj‘ ﬁ%@z §F|J J}H jt% EI/‘J ﬁ‘%:{ﬁ‘f/ﬁn

R H SRR R4 (61271440) BBl Y T N Sy L '
Supported by National Natural Science Foundation of China n] PAGE 3L 1A AR Skﬁgl%g%gﬁg YAk 1A 7. ﬁ%ﬂlﬂ “Ui

o) W, RISSIAS RS e CS FI b 5t
Recojl\nmended by Associate Editor YANG Jian 1% }/Fﬁéﬁﬁgj (Distributed video Ceding, DVC) *H é;ﬂ:.:

jéMlijlcﬁﬂglda;ggk%ﬂn%ﬂ%ﬁlﬁ%@t Ky 410073 2. 63810 BT T — R G A — AT
i =l ) 1)k 2 i

1. College of Aerospace Science and Engineering, National Uni- };E%EEE%[I (Distributed video compressed sensing,

versity of Defense Technology, Changsha 410073 2. PLA 63810 DVCS [7—11] 78] 18 HEVAN KRR ELF
Unit, Wenchang 571300 ) ) iﬁk [ ] ﬁﬂjﬂﬁ%ﬂ E*’j*ﬁﬁ%miﬂ



1244

A BT E NSRRI 2 RPN B s A SR T

2191

FH TR T 000 8 RD E ATT ) 25 AR B AT IR EE A
72 B AH 2P TR ot 1] 7 22 3 3 2tz sh 5 [ Y, 3¢
Mk [12] $2H TR EMEAY, EEME A CS EME
VEBEAT I SE N AL, FRIR G HT S S 2% WOR 28
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Fig.3 The multi-hypothesis residual reconstruction framework based on adaptive sampling
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A3 o A 25 AR L PR %R (Structural similarity,
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AN TR e 2z 1) SRS B ) 22 5, S BB 3840 F FH R A
TR DAMAR B H & R SRR R OL S, FARS B2 %,
PR 1 5 2 A T 00 A B R B (R RS i 25 5 2 IR AT T
TR TIHRBUEIE P TUREE R B, ASO 4 )75
C € {0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1.0} 7T 1l
R, REEF N SR = 0.6, SRyx = 0.2. £ 1 45
TARPCRAERECTE, 200751 NK i1
B PSNR M1 SSIM. M3FE 1 A PAFH, C = 0.8 5
0.9 WFREMEIRTF AP EARER; C < 0.8 i, i
C W, EHERAZE, C > 0.9 B, EARCRHEAR
72, LIRS ST a R — 8. AE N A B SR
I C = 0.8, PAPRIE B 355 YRR RAE RN fy iy
FE AR .
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SRR MR A O ST SRAEZE W] DA
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SRykx = SR, — ASR (21)

K240 T P=2, SR, € {0.3,0.4,0.5,0.6},
ASR € {0,0.05,0.1,0.15,0.2,0.25} B} 34w F:
KARMWIP AL, MR 2 WTDUE H, TERIFER TR
RN, ASR #K, SR K, SRy #/. SRk
(LN =N 4 I ey N 4 R O e |
A TIRS B2, (2 SRy e FIB/ N2 I 55 E ¢ i Y
TRKE RE, R LA 7 91 i S A 25 A 7y it — &
itig.

% P =2, SR, € {0.3,0.4,0.5,0.6}, ASR €
{0,0.05,0.1,0.15,0.2,0.25} AR 4 A5 FH A
RO, 3 Froas. MFE 3 WTPAFE H, R H
EIRFERT, ASR 8K, J7 5135 E R BT,
XA VEEH T A A2 5% B it 55 0 v 1 R A FE DALRAIE
JFA R EA . AR Z, X SR, = 0.3 B,
ASR = 0.25 I ARRERAT AR EIRER, X2 H

®1 HWLFFHEARR C T NK i35 PSNR (dB) Al SSIM

Table 1  Average PSNR (dB) and SSIM of each video with different C
Foreman Stefan Bus Flower

PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
C=03 35.782 0.927 25.249 0.844 25.576 0.790 14.238 0.635
C=04 36.389 0.933 26.252 0.870 26.638 0.824 14.047 0.647
C=05 36.761 0.937 27.147 0.888 27.449 0.847 14.420 0.655
C =06 36.906 0.939 27.723 0.898 27.923 0.860 14.731 0.672
C=0.7 36.994 0.940 28.086 0.904 28.234 0.869 15.515 0.684
C=08 37.015 0.942 28.211 0.908 28.533 0.882 17.571 0.708
C=09 36.785 0.941 28.144 0.906 28.467 0.880 23.562 0.768
C=1.0 36.371 0.941 28.169 0.910 28.417 0.876 16.211 0.700
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#2 A SR. f1 ASR F K Wifl NK Wi ReER
Table 2 Sampling rates of K frames and NK frames with different SR, and ASR
SR SR, =0.3 SR, =04 SR, =0.5 SR, = 0.6
SRy 0.3 0.4 0.5 0.6
ASR=0
SRNK 0.3 0.4 0.5 0.6
SRk 0.35 0.45 0.55 0.65
ASR = 0.05
SRNKk 0.25 0.35 0.45 0.55
SRk 0.4 0.5 0.6 0.7
ASR =10.1
SRy K 0.2 0.3 0.4 0.5
SRy 0.45 0.55 0.65 0.75
ASR =0.15
SRNK 0.15 0.25 0.35 0.45
SRk 0.5 0.6 0.7 0.8
ASR =0.2
SRNK 0.1 0.2 0.3 0.4
SRk 0.55 0.65 0.75 0.85
ASR = 0.25
SRNnKk 0.05 0.15 0.25 0.35
3 MILFIFEARR ASR THFYEMPERELLE: PSNR (dB); SSIM
Table 3  Average reconstruction quality of each video using different ASR: PSNR (dB); SSIM
ASR SR, =0.3 SR, =04 SR, =0.5 SR, = 0.6
0 32.123; 0.874 34.655; 0.915 36.562; 0.935 38.700; 0.955
0.05 33.256; 0.897 35.295; 0.924 37.033; 0.941 39.126; 0.959
0.1 33.904; 0.908 35.885; 0.931 37.762; 0.950 39.667; 0.963
Foreman
0.15 34.317; 0.913 36.393; 0.937 38.322; 0.954 40.341; 0.968
0.2 34.618; 0.918 36.857; 0.942 38.950; 0.959 41.120; 0.973
0.25 34.289; 0.916 37.170; 0.945 39.528; 0.963 41.962; 0.977
0 25.020; 0.808 27.296; 0.867 29.304; 0.904 31.930; 0.938
0.05 25.539; 0.830 27.735; 0.882 29.812; 0.916 32.370; 0.946
Stef. 0.1 25.929; 0.845 28.218; 0.895 30.292; 0.926 33.000; 0.955
elan
0.15 26.216; 0.855 28.662; 0.905 30.873; 0.935 33.681; 0.962
0.2 26.331; 0.857 29.022; 0.913 31.352; 0.942 34.549; 0.968
0.25 26.041; 0.837 29.299; 0.917 31.810; 0.947 35.347; 0.972
0 25.526; 0.772 27.713; 0.840 29.674; 0.883 31.978; 0.920
0.05 26.029; 0.793 28.069; 0.852 30.114; 0.894 32.446; 0.929
B 0.1 26.350; 0.806 28.394; 0.862 30.564; 0.905 32.846; 0.937
us
0.15 26.487; 0.812 28.697; 0.871 30.954; 0.914 33.406; 0.945
0.2 26.354; 0.806 28.939; 0.878 31.322; 0.921 33.940; 0.952
0.25 25.795; 0.777 29.014; 0.880 31.727; 0.9280 34.623; 0.958
0 18.436; 0.702 19.294; 0.764 20.959; 0.814 28.512; 0.928
0.05 18.748; 0.719 19.440; 0.768 21.040; 0.823 28.832; 0.935
Fl 0.1 19.053; 0.730 20.121; 0.783 21.029; 0.826 29.379; 0.945
ower
0.15 19.054; 0.736 20.590; 0.788 21.389; 0.830 30.065; 0.954
0.2 19.056; 0.724 20.982; 0.797 21.832; 0.834 30.899; 0.962
0.25 18.610; 0.695 20.854; 0.795 22.546; 0.843 31.957; 0.970
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) BCS MEZLT 5T iy 22 R iiill iy SPL 535
WEAT P SE PR T A B A S R it 1) 32 ) AR SCHR
Y 3 Y SR 22 b TN S 2 A 39 (ASR-MH-
BCS-SPL). SCHR [20] 42 iy BTz sh it ik
HEHHIL (MC-BCS-SPL) HISCHK [13] #2 H g5 T
it ) 22 AR e I ) Bk 22 E A BEYA (MH-BCS-SPL)
PATER. & 4(a) MR 4(b) ST 4 AT S
() NK witfe i 3 FE M 534 i) PSNR {H . SSIM
(BRI B A4 I ] T
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MH-BCS-SPL %%, ASR-MH-BCS-SPL & H
I RY-F-1 PSNR {4 it MH-BCS-SPL 53k K 2y
1.1dB, £ 1.963dB; [t MC-BCS-SPL #k
1.5~ 6dB, “FyE k%) 6dB, %5 5.981dB. | H.

Bl %P2 RFER SR, K, AR SCHE R S 9
R, X2 N SR, WREWE K Wik REER
e, EAMREEE R R, AEEh NK Wi (e =
2 i H NEK Wi SRAE S8 5, (A5 22 s ) 5 vf
iy, DN 23R 11 40 B L

ﬂ:zl ASR = O25,SRK > SRNK Hﬂ‘, EIWJ;EHH
FKAU4Ee. ASR-MH-BCS-SPL &% 5 #4111 -5
PSNR ff It MH-BCS-SPL &% k4 0.6dB, &
£ 1.624dB; t MC-BCS-SPL &% 4~ 9dB,
Pk 2y 7.6dB, £ £ 9.895dB. HAEEK
B W SR = 0.3 i}, ASR-MH-BCS-SPL & ¥:1
YRR I MH-BCS-SPL 53422, X2 A NK
MR SRAEFRAR, & REEFRI > SRy ko HAR, ¥
B 2 BTN BEAE, REERW B A2,
PL ASR-MH-BCS-SPL %% i 551 MH-BCS-
SPL &3,

A A ASR-MH-BCS-SPL ZE S 3L
FEAEHEARE, BNCFFERT 225, 2552 MC-
BCS-SPL &3k 7 £, MH-BCS-SPL &3:1 3 £i7,
X2 RN SEYE M T 22 IR AR T S o 1 v 2
PR

K 4 45 T Foreman J¢ 4156 30 i &G4 SRk
= 0.5, SRyg = 0.1 B} 3 FhEA AL T AT 2554
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Table 4 (a) Reconstruction performance of each video using different algorithms when
ASR = 0: PSNR (dB); SSIM; T (s)

ASR=0 SR, MC-BCS-SPL MH-BCS-SPL ASR-MH-BCS-SPL
0.3 30.417; 0.837; 33.815 32.520; 0.899; 71.347 33.688; 0.904; 229.674
0.4 32.144; 0.875; 31.505 34.448; 0.926; 72.805 36.194; 0.931; 229.834

Foreman

0.5 33.864; 0.904; 31.852 36.561; 0.946; 73.047 38.341; 0.950; 233.199
0.6 35.846; 0.931; 29.365 38.725; 0.964; 73.274 40.688; 0.966; 233.328
0.3 23.729; 0.768; 30.651 25.690; 0.842; 68.406 26.327; 0.850; 222.506
0.4 25.297; 0.823; 31.438 27.876; 0.893; 73.059 28.846; 0.901; 232.134
Stefan 0.5 26.916; 0.865; 30.276 30.057; 0.927; 73.346 31.422; 0.934; 231.002
0.6 28.738; 0.901; 30.769 32.444; 0.952; 73.597 34.209; 0.957; 234.602
0.3 23.955; 0.735; 32.855 26.915; 0.837; 71.504 27.117; 0.832; 226.984
0.4 25.379; 0.793; 30.149 29.053; 0.889; 70.539 29.409; 0.888; 224.230
Bue 0.5 26.640; 0.833; 29.474 31.094; 0.924; 71.013 31.632; 0.925; 226.318
0.6 28.272; 0.872; 28.700 33.481; 0.953; 72.386 34.253; 0.953; 225.288
0.3 22.096; 0.805; 35.040 23.362; 0.843; 70.165 23.796; 0.850; 228.090
Flower 0.4 23.500; 0.853; 34.598 25.312; 0.895; 73.011 26.063; 0.904; 232.301
0.5 24.931; 0.890; 29.932 27.520; 0.933; 73.209 28.525; 0.940; 234.678

0.6

26.433; 0.918; 31.428

29.996; 0.960; 73.325

31.503; 0.965; 233.758
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F4(b) ASR =0.25 BARFEN &R T AU E S FE PR LB PSNR (dB); SSIM; T (s)
Table 4 (b)  Reconstruction performance of each video using different algorithms when
ASR =0.25: PSNR (dB); SSIM; T (s)
ASR =0.25 SR, MC-BCS-SPL MH-BCS-SPL ASR-MH-BCS-SPL
0.3 23.204; 0.705; 33.925 33.155; 0.905; 67.849 33.099; 0.902; 219.409
Foreman 0.4 27.756; 0.805; 33.789 36.164; 0.940; 69.078 36.804; 0.941; 222.530
0.5 29.768; 0.840; 33.654 38.075; 0.954; 69.232 38.860; 0.958; 225.625
0.6 31.127; 0.867; 34.944 40.015; 0.971; 71.942 41.067; 0.972; 225.247
0.3 16.972; 0.509; 32.812 23.871; 0.804; 68.001 23.551; 0.786; 225.259
0.4 21.273; 0.739; 31.591 27.558; 0.906; 69.245 28.270; 0.906; 226.554
Stefan 0.5 23.301; 0.804; 31.600 30.328; 0.943; 71.778 31.310; 0.945; 229.342
0.6 24.802; 0.841; 30.313 32.660; 0.965; 71.874 34.004; 0.968; 227.454
0.3 17.285; 0.431; 34.425 23.744; 0.723; 67.839 23.264; 0.694; 221.197
Bus 0.4 21.071; 0.657; 33.323 26.469; 0.869; 71.593 27.396; 0.871; 225.255
0.5 23.075; 0.755; 31.213 29.383; 0.912; 71.109 30.579; 0.922; 229.852
0.6 24.328; 0.799; 30.213 31.707; 0.951; 70.613 33.331; 0.951; 229.566
0.3 16.426; 0.602; 35.366 21.073; 0.747; 67.389 20.670; 0.725; 222.119
0.4 20.589; 0.807; 33.905 25.294; 0.897; 68.826 25.441; 0.894; 222.122
Flower 0.5 22.241; 0.857; 33.102 28.094; 0.943; 69.513 28.610; 0.946; 225.607
0.6 23.276; 0.881; 33.876 31.266; 0.971; 70.842 32.138; 0.973; 232.007
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K x 4801% K) AT H AN REE, F A A SCHR
1) 3 Y SRR 2 R 5 T 5% 2 E A4 5 (ASR-MH-
BCS-SPL). SCHK [20] $&H 5Tz ahfiliit sk 2=
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3R MH-BCS-SPL 53K, 188 1A A LR
TR R BV, RIEAEP- Y RAE R 0.3 AR
FERN, PSNR {HA5#ik 35dB DAL
3.5 BEERERES

W LA H LIl AR, ASCR T
38 R SR A 1Y) 22 (B8 T 0 32 22 T 4 SRR AE R & UL
WA AR IE R LT MC-BCS-SPL 3441 MH-BCS-
SPL B3, (HFEm A, AR 40 A = Fh ik
AR E A S A A

U B P HI6E ] Foreman JEFIRYHT 31 Wi, RAE
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(a) Original image
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Fig.4 Reconstruction of the 30th frame in the foreman video using different algorithms

%5 EEIBHERFTE, AR FOEHIERE: PSNR (dB); SSIM; T (s)
Table 5 Reconstruction performance of the remote sensing video using different algorithms and
different sampling rates: PSNR (dB); SSIM; T (s)

ASR SR, MC-BCS-SPL MH-BCS-SPL ASR-MH-BCS-SPL
0.3 29.997; 0.907; 71.999 28.497; 0.903; 170.374 30.319; 0.911; 566.243
0.4 32.581; 0.937; 75.129 30.946; 0.934; 170.660 33.020; 0.940; 557.305
0 0.5 34.795; 0.956; 77.276 31.137; 0.952; 170.849 35.557; 0.959; 556.948
0.6 37.479; 0.972; 74.780 34.517; 0.969; 176.408 37.910; 0.974; 557.896
0.3 22.910; 0.779; 77.666 30.353; 0.959; 169.677 36.093; 0.965; 556.974
0.4 27.855; 0.901; 79.855 32.148; 0.971; 170.455 38.752; 0.977; 568.386
029 0.5 30.714; 0.929; 76.857 33.001; 0.979; 170.616 41.318; 0.986; 567.555
0.6 32.499; 0.949; 73.635 35.026; 0.988; 170.555 45.786; 0.993; 556.889

MBEZETE I, 73 BIEAN Hi, He. 36 ST =
PRI RS T M9 K B AR
Py ER PSNR, SSIM.

Hi Co #1 Cy ATDAE H, 2B s 22 AL
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(a) Original image

{¢) MC-BCS-SPL
PSNR=22.806 dB; SSIM=0.784

{b) ASR-MH-BCS-SPL
PSNR =36.212 dB;: SSIM=0.965

(d) MH-BCS-SPL
PSNR=30.279 dB; SSIM =0.958

K5 RS S 10 WA R IR RCR

Fig.5 Reconstruction of the 10th frame in the remote sensing video

6 ZARERRA IR EATERE: T (s); PSNR (dB); SSIM
Table 6 Time and reconstruction quality of three algorithms in every step: T (s); PSNR (dB); SSIM

ASR-MH-BCS-SPL MC-BCS-SPL MH-BCS-SPL
Ay 67.320; —; — 4 0.005; — — H; 0.003; — —
A, 68.087; 37.528; 0.948 C, 25.732; 29.425; 0.835 H, 68.411; 36.261; 0.938
Az 16.563; — — Cs 0.230; — —
Ay 67.945; 37.543; 0.948 Cy 7.369; 29.502; 0.849
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