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A fast ICP method based on Frobenius norm singular value decomposition
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(a.College of Electronic Engineering, b.College of Meteorology and Oceanography, National University of Defense Technology ,
Changsha Hunan 410073, China)

Abstract: Although Iterative Closest Point(ICP) algorithm and its variant are the basic method for
3D point cloud rigid body registration, the point cloud iteration-based registration method get low
convergence efficiency, severely constraining registration efficiency. In this paper, the Frobenius norm
property is employed to represent error function between source point cloud and target point cloud, and
due to the property of the Frobenius norm, the closest distance between 2 point clouds can be converted
into a single calculation form to get transformation matrix. This method greatly reduce iteration times and
registration time. The experiment in this paper is compared with three classical ICP algorithms and three
learning—based algorithms on the Standford dataset and 3DMatch dataset respectively, and the
registration time of fast ICP is less than that of other algorithms. When the registration accuracy is
similar, the fast ICP method only has 20% of the iteration times of the traditional ICP algorithm, and 1/4
times the registration time on the Standford dataset, 1/8 times on the 3DMatch dataset of the traditional
ICP algorithm. The fast ICP algorithm is more efficient when the amount of points is large.

Keywords: 3D computer vision; point cloud data processing; point cloud registration; fast

iterative closest point method; Frobenius norm; Singular Value Decomposition(SVD)
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Fig.2 Diagram of the number of iteration on Happy Buddha
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e P SR A N R, H il B 3D R ECEAN T v LLE ARS8 ICP J5 vk IR B TCP J7 40 AT DL 5¢ A8 kRS A 1) A5
AECHE, B R L A AT AR 0 2 AR 40T Ab BB BE S B 4 Y B bR oS = AHDE L .

21 Pk ICP AL 4 ICP 7E Happy Buddha $34 b A BCERCR RS T30 LE
Tablel Speed and accuracy of traditional ICP and fast ICP on Happy Buddha

methods iterations run time/s MSE
traditional ICP 111 3.862 0.0329
fast ICP 28 1.111 0.0313
(a) original charts (b) procedure chats at 0.3 s

(c) procedure chats at 0.6 s

(e) result charts (f) detailed result charts

(d) procedure chats at 0.9 s

Fig.3 Comparison between traditional ICP and fast ICP on Happy Buddha
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Table2 Comparison of time and amount of iteration on Standford dataset

methods Standford Bunny Happy Buddha Dragon
run time/ms iterations MSE run time/ms iterations MSE run time/ms  iterations MSE
Icp 9 738.26 136 0.0329 3862.13 111 0.092 4 3438.42 127 0.056 7
NDT 3765.43 29 0.2453 2307.42 21 0.7652 3673.42 17 0.324 5
Interactive ICP 5456.79 47 0.772 3 3002.41 27 1.7123 2263.30 26 0.3379
RPE 3266.24 - 0.3542 2265.83 - 0.8652 1 682.63 - 0.396 5
Robust ICP 21343.34 - 0.042 3 7534.52 - 0.2013 6 876.52 - 0.065 4
Deep Global Registration 27 266.34 62 0.014 3 10 765.45 53 0.092 1 9 626.63 58 0.143 7
fast ICP 2 854.67 41 0.026 7 1111.06 27 0.076 3 867.53 27 0.1457
methods : /'\rma'dillo : Puck?/
run time/ms iterations MSE run time/ms iterations MSE
ICP 4936.53 138 0.065 3 94 524.76 179 0.0579
NDT 5767.31 18 0.4879 56 723.13 34 0.3672
Interactive ICP 4678.12 29 1.2377 34 764.65 72 1.176 2
RPE 2107.30 - 0.734 5 10 534.42 - 0.578 2
Robust ICP 10 323.76 - 0.167 8 184 563.32 - 0.0752
Deep Global Registration 13 820.28 51 0.6412 263 667.21 65 0.2187

fast ICP 1003.47 29 0.048 7 9 753.65 42 0.035 4
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Table3 Speed and accuracy of traditional ICP and fast ICP on 3DMatch

methods iterations run time/s MSE
traditional ICP 149 459.386 1 0.059 4
fast ICP 17 59.245 7 0.001 4

(a) original charts (b) procedure chats at 15 s

(c) procedure chats at 30 s (d) procedure chats at 45 s

(e) result charts ; (f) detailed result charts

Fig.5 Comparison between traditional ICP and fast ICP on Living Room 1
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BRI oy L3 P S e ] MR B, A% G TCP Bk B A 2 C o T ) 3 B N () 2 2 a0 3 i 2 7 3
I, AR SO AP ICP 07 3%, I B AT Bl a0 A 58 T 52 o 32 AQ UCRORITRS v 8] o Ay 1E— 25 3 A7 AR SR H Y
7 1 A T o B () ARG i 8 L5 H b R 9 25 51, 7F 3DMatch BUdiE 45 i Hofh g 5 LR T, SR NE 4 PR, AR
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Table4 Comparison of Time and Amount of iterative on 3DMatch datasets

methods Living Room 1 Living Room 2 Office 1 Office 2
run time/ms itera-tions ~MSE run time/ms  itera-tions MSE  runtime/ms itera-tions MSE  runtime/ms itera-tions MSE
ICp 45938.616 149 0.0594 304 801.83 124 0.0874 127 705.07 104 0.0567 450 634.78 158 0.065 3
NDT 15 765.89 37 0.4265 106 301.68 38 0.6535 31673.42 38 04125 165875.36 48 0.268 5
Interactive ICP 26 983.65 47 1.3526 153 017.52 41 1.6825 63247.21 57 09125 21895.12 57 0.7523
RPE 18 563.52 - 0.6582 113 524.36 - 0.7585 48 658.32 - 04258 17 564.36 - 0.356 9
Robust ICP 96 872.61 - 0.0423 663 535.95 - 0.0713 236262.13 - 0.068 6 876 253.87 - 0.077 8
Deep Global Registration 14 8875.32 78 0.0043 765 289.86 71 0.0028 315298.78 58 0.0460 1152367.36 69 0.006 5
fast ICP 59 245.73 17 0.0014 49 125.65 41 0.001 7 10 576.36 34 0.0028 58 652.37 41 0.003 1
4 ik
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