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Building Extraction from Airborne Laser Point Cloud Using NDVI
Constrained Watershed Algorithm

Zhao Zongze Zhang Yongjun

School of Remote Sensing and Information Engineering, Wuhan University, Wuhan, Hubei 430079, China

Abstract Building extraction plays an important role in building reconstruction and urban management. In this
study, a normalized difference vegetation index (NDVI) constrained watershed segmentation algorithm is utilized to
segment airborne LiDAR data, and certain criteria are used to discriminate building regions as follows. First, grid
data is attained by the interpolation of LiDAR point clouds. Then, the NDVI constrained watershed segmentation
algorithm is applied to segmenting the digital surface model data, which is generated from LiDAR. Further, NDVI is
introduced in the flooding process of the watershed algorithm to separate the vegetation from the buildings. Finally,
the building regions are identified through some of the criteria (elevation difference, size, and NDVI) according to
the adjacency relationship of each region. The benchmark data of the International Society for Photogrammetry and
Remote Sensing for Vaihingen are used to evaluate the building detection results. The average completeness,
correctness, and quality are respectively 89.2% , 94.3%, and 84.7% at the pixel level and 81.8%, 93.1%, and
76.9% respectively at the object level. Moreover, for an object with area larger than 50 m®, the average
completeness, correctness, and quality are 99.1%, 100%, and 99.1% , respectively.

Key words remote sensing; building extraction; airborne LiDAR; normalized difference vegetation index;
watershed segmentation
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Fig. 1 (a)(b) Images of two areas; (c)(d) watershed segmentation results not constrained by NDVI corresponding to
Figs. 1(a) and 1(b), respectively; (e)(f) watershed segmentation results constrained by NDVI

corresponding to Figs. 1(a) and 1(b), respectively
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Fig. 2 NDVI constrained flooding processes (yellow grid points represent ground, gray grid points represent building,
and green grid points represent tree). (a) Elevation value of each grid; (b) gradient value of

each grid calculated by the Sobel operator (red data represents the value above 0)
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Fig. 3 Evaluation of building detection results in three test areas
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Table 1 Evaluation results in three test areas
Testcase Location Per-pixel Per-object Per-object (=50 m?)
Co/% Ci/% Q/%  Co/% Cr/% Q/%  Co/% Ci/% Q/%
Area 1 Vaihingen 88.1 94.1 83.5 81.1 100.0 81.1 100.0 100.0 100.0
Area 2 Vaihingen 93.4 96.4 90.2 85.7 85.7 75.0 100.0 100.0 100.0
Area 3 Vaihingen 86.1 92.5 80.5 78.6 93.6 74.6 97.4 100.0 97.4
Mean 89.2 94.3 84.7 81.8 93.1 76.9 99.1 100.0 99.1
F2 =AML X B A R
Table 2 Metrics in three test areas
Level Metric Area 1 Area 2 Area 3
Py 95026 71872 104661
Per-pixel Py 10253 2701 10088
N 10091 5193 26015
Nt 416854 563946 559844
RTP 32 11 35
Per-object pTP i1 H 5
P 1 1 1
Nrg 5 3 21

N 1 represents the true negative, RTP is the number of true positive referenced objects, and DTP is the number of true positive

detected objects.
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