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Multi-threshold hierarchical sea-land segmentation based
on FPGA parallel computing
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Abstract : Due to the limitations of the size, weight and power of micro-nano satellites, the field programmable gate array (FPGA) is
required to provide high energy efficiency computing ability for the onboard sea-land segmentation of large filed remote sensing images.
Under the premise of ensuring the segmentation accuracy, the key is to utilize the limited on-chip resources of FPGA to realize parallel
computing for low computational complexity algorithms. Therefore, a multi-threshold hierarchical sea-land segmentation based on FPGA
parallel computing is proposed in this article. The proposed method takes OTSU as the core method, and uses the sub-image
classification based on multi-feature joint threshold to construct hierarchical sea-land segmentation. In this way, the influence of
interference points in the sea are suppressed. In addition, a novel parallel iterative computing architecture is designed, which can
improve the computing efficiency of OTSU, and achieve the balance adjustment of on-chip memory occupancy. Experimental results show
that the overall precision of the method proposed can achieve more than 98% . Meanwhile, the processing time of the proposed method is
only 0. 16 s for the 8 192x2 048 pixels remote sensing image. Compared with other FPGA-based methods, the processing time is reduced
by 23.81% at least.
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Fig. 1  The overall framework of sea-land segmentation

&, A AL — KT8 LS A B R X FPGA H |
SEAF BRI N T oK 1 o8 v iR B R ER B R E R
H x W, RZEANLTE N width , WA 56 5 6 I 12 J8& EUE 75
BERAFN H x W x 24" MY 5yF B R R, BT
ROTRH W' B H x W=H" xW' x R, W FLy Ab 3 H 55 2
H' xW' x 2" ggfias [alfifi+ 1

2) FTF R A A R T 2 ) e
R SRS ) F 5 T AT 43 B — i 1T B — fili b 5 T
Rtz b 3 ApeAy ) bl T 1 PR — i b ]
WG EJE T[] —Fh2s , o5 OTSU Bk B #1 1R , B 1
VTV TET PR A7 A R A A 3 R A A | 2 0t 2% D 5, >R T
OTSU ¥EFET 351 2 8 02 TP 55 5328 Sy it b DA 17T 325 g
TRA] P LA SCHRE ) — b 56 T 24 RS BIE 1 7 B 4y
JHArE] S0 OTSU IE M RTSAREE 155G, 4 AL
T ey X Sk A5 B Jey 3R o 1 SR R R AR £
A JEFRREAE , IR A X SE R AE Y B9 (B T B BT A R i
7 FRAIEA T W, 25 AR 7 & P T AT Jm R o 1 i
JE 2T R E— 25 R 2R

3) FEFIEAT AT OTSU 1Y ¥ fifi 52 57 & 40 4
F, FEZLRE R X ET— 2 B 43 2 43 R T
TEFl A2 R 1 R HEAT OTSU k3K i 40 ) 1 48 ; i % T
PR —fg i E o b DU R AR IR A R, T
OTSU EH R BT8R 2 5 i 0y XA 7K B B K 52
Th, BN B x W KA B BN T B GE as 5, it

FRCREAL , B, AR SCHE S —Fh OTSU FRA7T% R
SR DARTH TR . TR0k 24 KN 1 1
B8 BRI R B W, AL FIXT K A EE
HPATFIFATIR IR L R DRI R AT 4508, |
F K AEGSA G R RIL T2, R g1t K A
GHRECRTTE H x W IR /N TFBRGR G U
BIGE T UCE, T S508 > T OTSU 5 6 B 44 ik HL s ]
IR, K AR B B AT Ab BT 22 5 FHAR A i BB A7 il
1SR K BTV AT S A AR IR A

4) MEBh Ay EIbRICas F AP, A AR F R — 4 PR
FRAF IRl o3 R, X0 B PR T hRIE . RIS A
R YR TR T AL, 15 51 52 2 B8 iR 1 2R R 1 g
i o EI 255

BT ZREIA BE 07 B 53 IS A F R F IR 1T
PARTHEE OTSU B8 i 58 57 &1 40 43 1) 2 52 0 Vg o 4 1
B R EEIRAT, DR L A B A N A R IF A4
1.2 ETFSHEBRSRENTFESLESE

R T I B T AR AE RS TR SN OTSU K A
Sy BE = A A RS2 ) AR SCR F 3k F 2 RRE B &
TELAG 43 2R 43 1y 1k S B 06— ) 494 00 20 0 ke , )
FH OTSU b ATAREE 12071k LA T T PN Jeg i IX 38 )
FRAE N e, 38 0 22 AR AF B B A 2EA T 1 [ R 38 DXk
PR T, 20 171 52 B0 50 1 R S R 1 e, D) R - IR 2T
FIWT R AR 2 R

|
I |
|
(—4eff5tinopy | | : Lntropy>T,? :
W REEEMean| 1 Mean}j"ﬂ 2 |
bz : N o>17 " |
| |
E£TRyEne | [ mwen | |
WAL | || [ 0 B
:::::::::::::::::::'%Wﬁq%% ﬁ:
I : i
| | ES |
ETRBED | 1, o
FIRLAUM Ly # |
TR :. i |
| |
|
I I
________ FERAR

B2 Y11 BRI
Fig.2 The type of sub-image judgment
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Fig.3 Parallel iterative computing architecture for OTSU
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Fig.4 Image block grayscale histogram processing unit
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Fig. 8 Results of different sea-land segmentation methods
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