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Tree-root Localization Method Based on Migration Imaging with
Clutter Suppressed in Ground-penetrating Radar

LI Guanghui XU Hui LIU Min
(School of Artificial Intelligence and Computer Science, Jiangnan University, Wuxi 214122, China)

Abstract; Ground-penetrating radar ( GPR) has vast application potential for the root system testing of
fruit trees and ancient trees. The clutter in GPR B — scan image often obscures the tree roots, thus
reduces the accuracy of tree-root localization algorithm. A tree-root localization method combining robust
deep autoencoder (RDAE) , direct least square ( DLS) and frequency — wavenumber migration ( FKM)
was proposed. Firstly, after performing time-zero correction, a GPR B —scan image was decomposed into
its low-rank and sparse components by RDAE. The low-rank component represented the clutter, and the
sparse component represented the response of the tree roots. Secondly, the dielectric constant of soil was
estimated by fitting the target echo’ s hyperbolic curve with the direct least square method. Finally, the
migration velocity was calculated according to the dielectric constant of soil, and then the migration
velocity was taken as the input of frequency — wave number migration to get the radius and depth
information of the tree-root. Experimental results showed that compared with the common clutter
suppressed methods, including mean subtraction ( MS), singular value decomposition ( SVD ), and
robust principal component analysis ( RPCA), RDAE had a better visual effect and higher signal-to-
clutter ratio and improvement factor on both numerical simulated data and real GPR data. The root-mean-
square relative error ( RMSRE ) value of the estimated dielectric constant of soil was 3.84% . The
maximum radius relative error and the maximum depth relative error were 8.5% and 8.7% ,
respectively. The proposed method can meet the practical requirements of the tree-root non-destructive
testing and provide decision support for tree health management and transplantation.

Key words: tree; tree-root localization; ground-penetrating radar; migration imaging; robust deep

autoencoder; hyperbolic fitting
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Tab.3 Comparison of tree-root parameters

before and after migration m
FEs 28 HIHH i #4 L
oL 0.76,0.84,0.20,0.28  0.751,0.837,0.194,0.271
paves 0. 040 0. 042
i R 0. 200 0. 194
5.0 AR B (0.80,0.24) (0.793,0.235)
Uk 0.86,0.94,0.36,0. 44 0. 853,0.939,0. 341,0. 427
42 0. 040 0.043
e W 0. 360 0.341
DARHTR (0.90,0.40) (0. 896,0. 383)

FL1.948,2.052,0.300,0.404  1.922,2.030,0.307,0. 399

itz 0.052 0.054

13 TREE 0.300 0.307
.0 A (2.000,0.352) (1.976,0.353)
WA 0.923,1.077,0.350,0.504  0.951,1. 111,0.337,0. 485
qz 0.077 0.080

i TREE 0.350 0.337
.0 A B (1.000,0. 427) (1.031,0.411)
IR 1.753,1.847,0.250,0.344  1.768,1.867,0.268 0. 353
fz 0.047 0.051

15 REE 0.250 0. 268
.0 A8 (1.800,0.297) (1.818,0.31)
YR 2.364,2.436,0.150,0.222  2.371,2.449,0. 137 0. 208
itz 0.036 0.039

e TREE 0. 150 0.137
B0 A B (2.400, 0.186) (2.410, 0.173)
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Fig. 14  Comparison of tree-root position and size before and after migration
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Tab.4 Comparison of tree-root parameters before

and after migration

B BODHEE/em CERMXRZE/ % WRIERIXT R/ %
R1 0.9 5.0 3.0
R2 1.7 7.5 5.3
R3 2.4 3.8 2.3
R4 3.5 3.9 3.7
R5 2.2 8.5 7.2
R6 1.6 8.3 8.7
x5 HEREMIL
Tab.5 Comparison of computational time s
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S EE 9. 01 27.06 14.72 11. 41 6.93 2.14
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