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Context Based Unsupervised Hierarchical Iterative Algorithm for
SAR Segmentation
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Abstract Cluster based segmentation algorithms can effectively capture the structure of features so as to accurately
determine the classes of objects, but they are difficult to make use of spatial information and edges in images. Region
growing based segmentation algorithms can adopt different kinds of features to compute the similarity between objects,
This
paper combines the advantages of the two kinds of segmentation algorithms, and proposes a context based unsupervised

but they lack the analysis of features’ structure and often result in under-segmentation or over-segmentation.

hierarchical iterative algorithm for synthetic aperture radar (SAR) image segmentation. This algorithm adopts over-
segmented regions as operation elements to improve computation speed and reduce the influence of speckle noise. While
merging the over-segmented regions, this algorithm chooses a hierarchical iterative strategy: a modified fuzzy C-means
algorithm is first designed to analyze the appearance-based features of over-segmented regions, and then a region iterative
growing scheme is used to merge the similar regions based on contextual analysis in space domain. After that, a new loop
of these two iterative sub-algorithms begins, which is a hierarchical process and realizes a natural and effective way to use
different kinds of information to segment SAR images. Experiments on synthetic and real SAR images indicate that the
proposed algorithm can obtain excellent segmentation results and make a good balance between region consistency and
preserving (SAR) image details.
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Fig.1 The flow chart of the proposed algorithm
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Four Gabor texture images with different scales for (a))
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Fig.6 Synthetic SAR images without texture (The original synthetic images are shown on the first column, and the

corresponding 2-look, 5-look and 10-look synthetic SAR images are illustrated on their right, respectively. The images on

the first row have three classes and the images on the second row have four classes.)
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K7 X3 RAEGOEEHYU SAR BURI 2 HI45 R (5 1 AT 2058 3 4770501 2 #L 5 FLA1 10 ML FI45 R, 25 1 5305 5
H153 I%$ % FLICM, IRGS, FCM-SAR, RFCM-SAR Hil FCM+RIG 14> %145 5.
Fig.7 The experiment results on the 3-class synthetic SAR images without texture (The segmentation results for
2-look, 5-look, and 10-look images are shown from the first row to the third row. The segmentation results by FLICM,
IRGS, FCM-SAR, RFCM-SAR, and FCM+RIG are shown from the first column to the fifth column.)

B8 X4 RAGEURBHL SAR BRI RIS A (B35 1 ATEIEE 3 AT20 MIX A 2 ¥ 5 FLA1 10 #RIM - 3Igh A, 55 1 #1358 5
514y %t . FLICM, IRGS, FCM-SAR, RFCM-SAR #l FCM+RIG [#15r#I454.)
Fig.8 The experiment results on the 4-class synthetic SAR images without texture (The segmentation results for
2-look, 5-look, and 10-look images are shown from the first row to the third row. The segmentation results by FLICM,
IRGS, FCM-SAR, RFCM-SAR, and FCM+RIG are shown from the first column to the fifth column.)
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Fig.9 Synthetic SAR images with texture (The original synthetic texture images are shown on the first column, and

the corresponding 2-look, 5-look and 10-look synthetic SAR images are illustrated on their right, respectively. The

images on the first row have three classes, and the images on the second row have four classes.)
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K10 X3 KRS8l SAR BUR M /#1450 (56 1 AT 3128 3 AT 40 IR A 2 B, 5 HUAT 10 MR r #1452, 28 1 52156 5 41
3 5%t R FLICM, IRGS, FCM-SAR, RFCM-SAR Al FCM+RIG 14> %145 3.)
Fig.10 The experiment results on the 3-class synthetic SAR images with texture (The segmentation results for 2-look,
5-look, and 10-look images are shown from the first row to the third row. The segmentation results by FLICM, IRGS,
FCM-SAR, RFCM-SAR, and FCM+RIG are shown from the first column to the fifth column.)

K11 4 KEGUEEHU SAR BRI/ #I45 R (5 1 ATHI58 3 4720000 2 AL 5 BRI 10 BRI BISR. 5 1 #1305 5 41
Sr RIS FLICM, TRGS, FCM-SAR, RFCM-SAR fll FCM+RIG (73 #45 $.)
Fig.11 The experiment results on the 4-class synthetic SAR images with texture (The segmentation results for 2-look,
5-look, and 10-look images are shown from the first row to the third row. The segmentation results by FLICM, IRGS,
FCM-SAR, RFCM-SAR, and FCM+RIG are shown from the first column to the fifth column.)
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Table 2 Average running time for the five algorithms
. FEB A BT (s) JSS L

RIS A7 T (s)

FLICM — 113.9766 113.9766

IRGS — 1831.8643 1831.8643
FCM-SAR 20.6905 416.9061 437.5966
RFCM-SAR 20.6950 2.7721 23.4671
FCM+RIG 26.8997 65.4803 92.3800

52 HE3X SAR Ef%

AATAE I PR Ku BB SAR EIGCRAS HE
ML L 5 FhaIE, IX w0 15 25k B 56 1 S ad iy
[ % 5L % % (Sandia National Laboratories) 5K
AEFERIHLEC SAR. 25 1 MRELSE SAR BB B T 3%
E A4 Je 7 China Lake HL3ZHbIX, L3854 3
K, RSPl 522 183 x 446 1% 2%, WK 12 (a) Fiow.
% SAR & 3 FEHARXIEL, 702 HiE (B
D) @B (B X)) MR (KX, %8
By BIRAE AP R 1) U o Al UL HE, AR
Z/NERPBEHLECL T AR Z 0 2) R R
K, WA ORI ARG, #8534k 5 L7 B 30

F1 B SAR BB FIER %

Table 1  Segmentation accuracy for synthetic SAR images
SIS FLICM IRGS FCM-SAR RFCM-SAR FCM+RIG

. 2 0.7279 0.9929 0.5003 0.9027 0.9909

3 % % I; 5 0.8314 0.9933 0.5938 0.9774 0.9950
D) 10 ¥ 0.9039 0.9941 0.6744 0.9903 0.9957
SAR o 2 M 0.6055 0.9533 0.5617 0.9730 0.9872
5 'i;l 54 0.6249 0.9282 0.6293 0.9762 0.9883
' 10 ¥ 0.6290 0.9343 0.6708 0.9772 0.9875

. 2 0.4943 0.9734 0.3252 0.7959 0.9762

4 % w‘; 5 0.6349 0.9829 0.3766 0.9432 0.9849
D) 10 ¥ 0.7656 0.9853 0.4356 0.9784 0.9868
SAR N 2 M 0.6744 0.9053 0.4983 0.8663 0.9876
5 E}f 5 0.7205 0.9181 0.5476 0.8900 0.9886
‘ 10 # 0.7314 0.8755 0.5804 0.9040 0.9881
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Fig. 12 Segmentation results of the first real SAR image
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