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SVS-NLMS point cloud registration algorithm

based on geometric algebra

Cui Wentao, Jiao Weidong, Pang Yanli

(Key Laboratory of Intelligent Signal and Image Processing, Civil Aviation University of China, Tianjin 300300, China)

Abstract: To address the problems of low matching accuracy, high computational cost and slow convergence
speed of point cloud registration methods in Euclidean space, a point cloud registration algorithm based on
geometric algebra was proposed by using geometric algebra’s expressive power for high dimensional space.
Firstly, the point cloud data was transformed into geometric algebraic form, and based on the rotor of geometric
algebra, the cost function of point cloud registration in geometric algebra space was given. Secondly, combined
with the normalized least mean square algorithm, the solution of the rotor was simulated as a signal filtering
problem, and the rotor iteration formula was constructed based on the steepest descent method in the geometric
algebraic space, so that only one points pair instead of all point pairs was used for each calculation. The rotor
obtained by iterative calculation could be used for any dimensional rotation estimation problem, so that the three-
dimensional point cloud was gradually rotated and registered. Finally, in order to further optimize the conflict

between the convergence speed and the steady-state error, a variable-step rotor iteration formula was given by
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using the Sigmoid function, which can speed up the convergence speed while reducing the steady-state error. The

registration performance of the proposed algorithm was verified by using the model data set and the public data

set. Compared with the classical iterative closest point algorithm, the registration accuracy of the model data set is

increased from 107 to 10 orders of magnitude, and the registration accuracy of the public data set is increased

by 35%. The proposed algorithm has faster convergence speed, higher registration accuracy and lower steady-

state error.

Key words: geometric algebra;
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Fig.l Flow chart of proposed algorithm
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Fig.2 Experiment results of cube data set simulation. (a) Raw data;
(b) Result of SAC-IA+ICP algorithm registration; (c) Result of

GA-SVSNLMS algorithm registration
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Fig.3 Convergence curves of each algorithm in geometric algebraic
space of cube dataset. (a) Convergence curves of error function;

(b) Convergence curves of cost function
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Fig.4 Experiment results of bunny data set simulation. (a) Raw data;
(b) Result of SAC-IA+ICP algorithm registration; (c) Result of

GA-SVSNLMS algorithm registration
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Tab.2 Running accuracy and convergence speed of

different algorithms

Algorithm RMSE/mm Convergence speed/times
ICP 5.4046x 1073 200
SAC-IA+ICP 4.4687x1073 200
GA-LMS 2.9595x% 1073 210
GA-NLMS(B=0)  2.9443x1073 55
GANLMS(B=1)  2.7620x1073 85
GA-SVSNLMS 2.6658 %1073 40
-10 } }1 ——Cost function
. X
= -20
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I~ -30
—40
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& =30
—40

0 25 50 75 100 125 150 175
Iterations/times
(®)

P 5 bunny 5 #fE 4 T AEES 18] 4% S0 8t £k . (a) GA-SVSN-
LMS 522 R Bt £k 55 AU e Bt 25 (b) JLATas i) 45 3k AU
PREOIC ST £

Fig.5 Convergence curves of each algorithm in geometric algebraic

space of bunny dataset. (a) Error function curve and cost function
curve of GA-SVSNLMS; (b) Cost function convergence curve of

each algorithm in geometric algebraic space
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Fig.6 Simulation experiment results of each data set under Gaussian noise. (a) Raw data of cube; (b) Result of SAC-IA+ICP algorithm registration of

cube; (c) Result of GA-SVSNLMS algorithm registration of cube; (d) Raw data of bunny; (e) Result of SAC-IA+ICP algorithm registration of

bunny; (f) Result of GA-SVSNLMS algorithm registration of bunny
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Tab.3 Running accuracy and convergence speed of different algorithms under Gaussian noise
g y 4 P g
cube bunny
Algorithm
RMSE/mm Convergence speed/times RMSE/mm Convergence speed/times
ICP 2.2847x107! 1000 1.286 4x 1072 200
SAC-IA+ICP 3.3286x 1072 1000 6.398 4% 1073 200
GA-LMS 5.2276x1073 750 6.0159% 1073 210
GA-NLMS(g =0) 5.6037x1073 140 6.0194x1073 55
GA-NLMS(8=1) 5.5768x 1073 175 6.0056x 1073 85
GA-SVSNLMS 5.2377x1073 70 5.8415%1073 40
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