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ICP: Iterative Closest/Corresponding 
Point 

•! Used in many contexts – vision being one of the 
largest. 

•! But robotics scan-matching is special: 

–!few data points, large uncertainties 

–!performance: 

•! convergence is slow 

•! correspondence search is expensive 

–!occlusions and dynamic environments 

–!need to characterize uncertainty for SLAM 



The problem with ICP 

•! We cannot characterize the global behavior. 

•! ... but we can say something about the local 
behavior, using a mix of statistics and  
computational geometry 
–! ICRA’07: “On achievable accuracy for range-finder localization” 

–! ICRA’07: “An accurate closed-form estimate of ICP’s covariance” 

•! ... if we concede some white lies: 

–! let’s assume it converges “near” the true solution 

–! let’s ignore trimming and other “impurities” 



PL-ICP: ICP with point-to-line metric 

•! What happens if we use a point-to-line metric? 

•! Good things: 

–!quadratic convergence instead of linear 

–!convergence in a finite number of steps 

–!much faster in practice 

•! Bad things: 

–! less robust for large rotations 



Metrics zoo 

“True” distance to surface (unknown) 

Point-to-point (vanilla ICP) Point-to-line (PL-ICP) 

Distance to polyline 



Metrics zoo 

min
q

∑

i

∥∥pi⊕q−Π
{
S ref,pi⊕q

}∥∥2

•! Vanilla ICP and PL-ICP both use the 
same global function: 

•! but a different incremental one: 

min
qk+1

∑

i

∥∥pi⊕qk+1−Π
{
S ref,pi⊕qk

}∥∥2

PL-ICP: point-to-line 

min
qk+1

∑

i

(
nT

i

[
pi⊕qk+1−Π

{
S ref,pi⊕qk

}])2

ICP: point-to-point 

qk
robot pose (world frame) 

points in the first scan pi

i ⊕ pi ⊕ qk = R(θk) pi + tk

’ denotes the roto-translation operator (
Π

{
S ref, ·

}

. A closed form for the solution is not found in general, due
ni

projection on the reference surface 

rototranslation: 

normal to surface 

same statistical  

properties 

different numerical  

properties 



Convergence theorems 

•! The following results obtained by Pottman et al., in 
the general 3D case.  

•! Point-to-point metric: 

–! linear convergence. 

–!convergence rate depends on approaching direction 

•! Point-to-line metric: 

–!equivalent to Gauss-Newton iteration. 

–!quadratic convergence for a zero-residual problem 

•! Note: these results are not robust to tricks like 
trimming (valid in practice, however) 

•! (No closed-form exists for 3D case) 



Convergence in a finite number of steps 

•! Key observation: the error function depends only on 
point-to-segment correspondences. 

•! There is a finite number of such correspondences. 



Proof 

•! ICP is the iterative application of two operations: 
–!Match: given current pose qk, find correspondences Ck 

–!Solve: given Ck , solve for next pose qk+1. 

•! We always see ICP as iteration among poses: 

 ...but for PL-ICP it’s more convenient to group S+M: 

•! Because there are a finite number of Cs, after a finite 
number of steps, we reach either a fixed point or a 
loop. 
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Experimental results 
•! Same experiments as Minguez et al (T-RO 2007). 

•! Precision: 

•! Speed: 

Note: MbICP, ICP, IDC stopped by threshold, they have infinite 
iterations. 

Fig. 3. The results for MBICP, IDC, ICP, are taken from [?].

of GPM [?] was used (without weighting, and only one iteration).
This seems a winning match, because GPM is not sensible to big
displacements, and then PLICP is able to converge very quickly to
the solution. Consider Experiment 6: the combination of the two
algorithms attains the best accuracy for 99.79% of the trials.

B. One anecdote

The second experiment performed in [?] involves the visual
inspection of the reconstructed scan-matched map for the given
sensor log. The map reconstructed by PLICP is virtually indis-

tinguishable from the one shown in [?]; it is not shown here for
reasons of space.

The following table shows the average number of iterations and
the average execution time on a Pentium IV 1.8GhZ. Results for
MBICP, ICP, and IDC are copied from [?].

avg. iterations avg. execution time
MBICP 31.2 0.076 s (13.1 Hz)

ICP 34.7 0.083 s (12.0 Hz)
IDC 30.4 0.240 s (4.1 Hz)

PLICP 7.2 0.0018 s (539 Hz)

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

PLICP is the most precise.

Some annoying

not-so-constrained scans.

GPM’s results are constant as

they are not influenced much

by the initial guess.

...therefore also the results of

PLICP◦GPM are constant.

Good results thanks to the

realigment of GPM and the

precision of PLICP.

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

Fig. 3. The results for MBICP, IDC, ICP, are taken from [?].

of GPM [?] was used (without weighting, and only one iteration).
This seems a winning match, because GPM is not sensible to big
displacements, and then PLICP is able to converge very quickly to
the solution. Consider Experiment 6: the combination of the two
algorithms attains the best accuracy for 99.79% of the trials.

B. One anecdote

The second experiment performed in [?] involves the visual
inspection of the reconstructed scan-matched map for the given
sensor log. The map reconstructed by PLICP is virtually indis-

tinguishable from the one shown in [?]; it is not shown here for
reasons of space.

The following table shows the average number of iterations and
the average execution time on a Pentium IV 1.8GhZ. Results for
MBICP, ICP, and IDC are copied from [?].

avg. iterations avg. execution time
MBICP 31.2 0.076 s (13.1 Hz)

ICP 34.7 0.083 s (12.0 Hz)
IDC 30.4 0.240 s (4.1 Hz)

PLICP 7.2 0.0018 s (539 Hz)

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

PLICP is the most precise.

Some annoying

not-so-constrained scans.

GPM’s results are constant as

they are not influenced much

by the initial guess.

...therefore also the results of

PLICP◦GPM are constant.

Good results thanks to the

realigment of GPM and the

precision of PLICP.

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

Fig. 3. The results for MBICP, IDC, ICP, are taken from [?].

of GPM [?] was used (without weighting, and only one iteration).
This seems a winning match, because GPM is not sensible to big
displacements, and then PLICP is able to converge very quickly to
the solution. Consider Experiment 6: the combination of the two
algorithms attains the best accuracy for 99.79% of the trials.

B. One anecdote

The second experiment performed in [?] involves the visual
inspection of the reconstructed scan-matched map for the given
sensor log. The map reconstructed by PLICP is virtually indis-

tinguishable from the one shown in [?]; it is not shown here for
reasons of space.

The following table shows the average number of iterations and
the average execution time on a Pentium IV 1.8GhZ. Results for
MBICP, ICP, and IDC are copied from [?].

avg. iterations avg. execution time
MBICP 31.2 0.076 s (13.1 Hz)

ICP 34.7 0.083 s (12.0 Hz)
IDC 30.4 0.240 s (4.1 Hz)

PLICP 7.2 0.0018 s (539 Hz)

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

PLICP is the most precise.

Some annoying

not-so-constrained scans.

GPM’s results are constant as

they are not influenced much

by the initial guess.

...therefore also the results of

PLICP◦GPM are constant.

Good results thanks to the

realigment of GPM and the

precision of PLICP.

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

Fig. 3. The results for MBICP, IDC, ICP, are taken from [?].

of GPM [?] was used (without weighting, and only one iteration).
This seems a winning match, because GPM is not sensible to big
displacements, and then PLICP is able to converge very quickly to
the solution. Consider Experiment 6: the combination of the two
algorithms attains the best accuracy for 99.79% of the trials.

B. One anecdote

The second experiment performed in [?] involves the visual
inspection of the reconstructed scan-matched map for the given
sensor log. The map reconstructed by PLICP is virtually indis-

tinguishable from the one shown in [?]; it is not shown here for
reasons of space.

The following table shows the average number of iterations and
the average execution time on a Pentium IV 1.8GhZ. Results for
MBICP, ICP, and IDC are copied from [?].

avg. iterations avg. execution time
MBICP 31.2 0.076 s (13.1 Hz)

ICP 34.7 0.083 s (12.0 Hz)
IDC 30.4 0.240 s (4.1 Hz)

PLICP 7.2 0.0018 s (539 Hz)



Summary 

•! Good properties of PL-ICP: 

–!quadratic convergence instead of linear 

–!convergence in a finite number of steps (if polyline) 

–!great improvement in practice 

•! Drawbacks: less robust for large rotations 

•! Software and logs available at my website. 

TODO 

•! Trivial extensions to algorithm hopefully improve 
robustness: 

–!Use Gaussian prior from odometry. 

–!Mix point-to-point and point-to-line. 



PL-ICP                             Vanilla ICP 

With this notation, the algorithm is the consecutive appli-
cation of “match” and “solve”:

q0
M→ C0

S→ q1
M→ C1

S→ q2 → . . . (10)

The common way to think of this process is as an iteration
between poses, by grouping together M and S in a composed
operation S◦M (first M, then S):

q0
S◦M→ q1

S◦M→ q2 → . . . (11)

However, in this occasion, it is more convenient to group
these maps in the other way: first S, then M; in this way,
the computation appears as an iteration between correspon-
dences, through the application of M◦S:

q0
M→ C0

M◦S→ C1
M◦S→ C2 → . . . (12)

The two descriptions of the matching process are equiv-
alent, but the second one has an advantage: the number of
possible point-to-segment correspondences Ck might be very
large, but finite nonetheless, while the poses qk live in a
continuous space. From an application of a trivial result of
dynamical systems theory, it follows that the iterations will
eventually stabilize on a finite orbit.

Proposition 3: The PLICP algorithm converges in a finite
number of steps to either a fixed point or a loop.

More formally, consider the iterations written as

Ck+1 = [M◦S] (Ck) (13)

Then there exists a finite n, and a δ ≥ 1 (δ = 1 for a fixed
point, δ > 1 for a loop) such that

Cn = [M◦S]δ(Cn) (14)

This stable set of correspondences Cn corresponds to an
equally stable point qn+1 = S(Cn) such that

qn+1 = [S◦M]δ
(
qn+1

)
(15)

V. EXPERIMENTS

A comparative study of the IDC, ICP, and MBICP
has been presented in [6]. Thanks to the authors, it was
possible to obtain the data file used and therefore to perform
exactly the same experiments. In the following, the proposed
algorithms will be compared specifically to the MBICP,
as [6] shows that IDC and ICP have worse performance.

The vehicle is a robotic wheel-chair; the sensor is a Sick
range-sensor giving 360 rays over a 180◦ field of view. The
scans are taken at an interval of around 0.3m; considerable
odometry slip is present.

A. Experiment with artificial errors
The first experiment performed in [6] is used to quan-

titatively compare the methods’ accuracy and realignment
interval. The following is the simulation algorithm:

For each scan S:
1) Set Sref = S.
2) Sample a displacement δ from an error distribution.

3) Set Ssens = S roto-translated by δ.
4) Run the scan matching algorithm with input Sref,Ssens;

let q̂ be the final estimate.
5) Because the true q is (0, 0, 0◦), assume q̂ to be the

error.

Six experiments are presented with increasing
initial displacement error (uniform distribution;
from [±0.05m,±0.05m,±2◦] in Experiment 1 to
[±0.2m,±0.2m,±45◦] in Experiment 6). For every
experiment, the above procedure is repeated 100 times for
each of the 778 scans.

There are pros and cons to this experimental setting. This
experiment is ingenious because it allows for using a real-
world data-set without the need of a ground-truth. Artificial
data can be readily created with the aid of simulators (for
example, Stage [11]), however common experience teaches
us that the ray-traced bitmap-maps cannot recreate a realistic
scenario. One problem with this approach is that it is unre-
alistic that a scan be matched against itself, as the common
situation is that the scans overlap only partially.

Results of PLICP : The table in Fig. 3 shows the
results. Error samples are sorted into buckets according to the
maximum absolute value of their components, expressed in
meters and radians. The first three columns are taken straight
from [6] and show the results for MBICP, ICP, and IDC.

The fourth column shows the results for PLICP. It is very
precise: when the error is in the < 0.001 bucket, the error is
actually (0, 0, 0) to machine precision. In fact, because S ref =
Ssens, PLICP finds the unique global minimum. However,
PLICP is less robust to big rotational displacements, also less
robust than IDC and ICP. See, for example, Experiment 6
where for 25% of the times PLICP obtains a large error.
On the other hand, a 45◦ odometry error between successive
scans could be considered unusual for indoor robotics – as a
matter of fact, in this particular log, with scans taken every

q∞
q!

point-to-segment correspondences
sets of poses having same

(a) PLICP behavior (b) ICP behavior

Fig. 2. This figure illustrates the difference in convergence behavior of
PLICP and ICP. Establishing point-to-segments correspondences induces a
partition of the state space in discrete regions Qi = { q | M(q) = Ci }.
The points in each Qi produce the same correspondences Ci: since the next
PLICP iteration depends only on the matching information, the successor is
unique for each region (bold arrows). PLICP can converge either to a stable
point (q∞) or be captured in a loop (from q! in the figure). Vanilla ICP has
a very different behavior. The next step in ICP depends on the particular
points matched inside the segments, so ICP allows different trajectories in
every Ci area. Moreover, because the computation is stopped when the
motion is smaller than a threshold, in general the “stable” solution q∞ is
never reached.

With this notation, the algorithm is the consecutive appli-
cation of “match” and “solve”:

q0
M→ C0

S→ q1
M→ C1

S→ q2 → . . . (10)

The common way to think of this process is as an iteration
between poses, by grouping together M and S in a composed
operation S◦M (first M, then S):

q0
S◦M→ q1

S◦M→ q2 → . . . (11)

However, in this occasion, it is more convenient to group
these maps in the other way: first S, then M; in this way,
the computation appears as an iteration between correspon-
dences, through the application of M◦S:

q0
M→ C0

M◦S→ C1
M◦S→ C2 → . . . (12)

The two descriptions of the matching process are equiv-
alent, but the second one has an advantage: the number of
possible point-to-segment correspondences Ck might be very
large, but finite nonetheless, while the poses qk live in a
continuous space. From an application of a trivial result of
dynamical systems theory, it follows that the iterations will
eventually stabilize on a finite orbit.

Proposition 3: The PLICP algorithm converges in a finite
number of steps to either a fixed point or a loop.

More formally, consider the iterations written as

Ck+1 = [M◦S] (Ck) (13)

Then there exists a finite n, and a δ ≥ 1 (δ = 1 for a fixed
point, δ > 1 for a loop) such that

Cn = [M◦S]δ(Cn) (14)

This stable set of correspondences Cn corresponds to an
equally stable point qn+1 = S(Cn) such that

qn+1 = [S◦M]δ
(
qn+1

)
(15)

V. EXPERIMENTS

A comparative study of the IDC, ICP, and MBICP
has been presented in [6]. Thanks to the authors, it was
possible to obtain the data file used and therefore to perform
exactly the same experiments. In the following, the proposed
algorithms will be compared specifically to the MBICP,
as [6] shows that IDC and ICP have worse performance.

The vehicle is a robotic wheel-chair; the sensor is a Sick
range-sensor giving 360 rays over a 180◦ field of view. The
scans are taken at an interval of around 0.3m; considerable
odometry slip is present.

A. Experiment with artificial errors
The first experiment performed in [6] is used to quan-

titatively compare the methods’ accuracy and realignment
interval. The following is the simulation algorithm:

For each scan S:
1) Set Sref = S.
2) Sample a displacement δ from an error distribution.

3) Set Ssens = S roto-translated by δ.
4) Run the scan matching algorithm with input Sref,Ssens;

let q̂ be the final estimate.
5) Because the true q is (0, 0, 0◦), assume q̂ to be the

error.

Six experiments are presented with increasing
initial displacement error (uniform distribution;
from [±0.05m,±0.05m,±2◦] in Experiment 1 to
[±0.2m,±0.2m,±45◦] in Experiment 6). For every
experiment, the above procedure is repeated 100 times for
each of the 778 scans.

There are pros and cons to this experimental setting. This
experiment is ingenious because it allows for using a real-
world data-set without the need of a ground-truth. Artificial
data can be readily created with the aid of simulators (for
example, Stage [11]), however common experience teaches
us that the ray-traced bitmap-maps cannot recreate a realistic
scenario. One problem with this approach is that it is unre-
alistic that a scan be matched against itself, as the common
situation is that the scans overlap only partially.

Results of PLICP : The table in Fig. 3 shows the
results. Error samples are sorted into buckets according to the
maximum absolute value of their components, expressed in
meters and radians. The first three columns are taken straight
from [6] and show the results for MBICP, ICP, and IDC.

The fourth column shows the results for PLICP. It is very
precise: when the error is in the < 0.001 bucket, the error is
actually (0, 0, 0) to machine precision. In fact, because S ref =
Ssens, PLICP finds the unique global minimum. However,
PLICP is less robust to big rotational displacements, also less
robust than IDC and ICP. See, for example, Experiment 6
where for 25% of the times PLICP obtains a large error.
On the other hand, a 45◦ odometry error between successive
scans could be considered unusual for indoor robotics – as a
matter of fact, in this particular log, with scans taken every

(a) PLICP behavior

correspondences
point-to-point
different

q∞

correspondences
same point-to-segment

(b) ICP behavior

Fig. 2. This figure illustrates the difference in convergence behavior of
PLICP and ICP. Establishing point-to-segments correspondences induces a
partition of the state space in discrete regions Qi = { q | M(q) = Ci }.
The points in each Qi produce the same correspondences Ci: since the next
PLICP iteration depends only on the matching information, the successor is
unique for each region (bold arrows). PLICP can converge either to a stable
point (q∞) or be captured in a loop (from q! in the figure). Vanilla ICP has
a very different behavior. The next step in ICP depends on the particular
points matched inside the segments, so ICP allows different trajectories in
every Ci area. Moreover, because the computation is stopped when the
motion is smaller than a threshold, in general the “stable” solution q∞ is
never reached.

•! No epsilons for termination in PL-ICP. 

•! Check for fixed point or loop  using hash of 
correspondences. 



Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

PLICP is the most precise.

Some annoying

not-so-constrained scans.

GPM’s results are constant as

they are not influenced much

by the initial guess.

...therefore also the results of

PLICP◦GPM are constant.

Good results thanks to the

realigment of GPM and the

precision of PLICP.

Method MBICP IDC ICP PLICP GPM
GPM ◦

PLICP

Precision (m,rad) (%) (%) (%) (%) (%) (%)

Experiment 1
< 0.001 81.27 83.31 57.78 99.85 1.86 99.98

(0.05m, 0.05m, 2◦)

(0.001, 0.005) 18.72 16, 68 42.22 0.01 36.34 0
(0.005, 0.01) 0.00 0.00 0.00 0.01 38.42 0.01
(0.01, 0.05) 0.00 0.01 0.00 0.13 23.37 0.01

> 0.05 0.00 0.00 0.00 0.00 0.01 0

Experiment 2
< 0.001 80.97 83.12 56.62 99.71 1.3 99.98

(0.10m, 0.10m, 4◦)

(0.001, 0.005) 19.02 16.84 42.48 0.02 24.56 0.00
(0.005, 0.01) 0.00 0.00 0.00 0.03 29.12 0.01
(0.01, 0.05) 0.00 0.03 0.00 0.22 42.85 0.01

> 0.05 0.00 0.00 0.00 0.02 2.17 0.00

Experiment 3
< 0.001 80.84 82.95 56.62 99.51 0.91 99.95

(0.15m, 0.15m, 8.6◦)

(0.001, 0.005) 19.15 16.96 43.37 0.03 18.64 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.05 24.58 0.02
(0.01, 0.05) 0.00 0.05 0.00 0.33 50.16 0.02

> 0.05 0.00 0.03 0.002 0.08 5.71 0

Experiment 4
< 0.001 81.28 81.96 56.30 98.43 0.61 99.79

(0.20m, 0.20m, 17.2◦)

(0.001, 0.005) 18.71 16.79 43.58 0.088 14.05 0.01
(0.005, 0.01) 0.00 0.00 0.00 0.13 21.79 0.02
(0.01, 0.05) 0.00 0.80 0.00 0.44 54.25 0.07

> 0.05 0.00 0.44 0.10 0.92 9.3 0.11

Experiment 5
< 0.001 80.92 79.54 54.00 84.48 0.61 99.79

(0.20m, 0.20m, 32◦)

(0.001, 0.005) 18.79 16.36 43.13 0.20 14.05 0.01
(0.005, 0.01) 0.0 0.04 0.00 0.28 21.79 0.02
(0.01, 0.05) 0.0 0.81 0.00 0.93 54.25 0.07

> 0.05 0.28 3.05 2.85 14.11 9.3 0.11

Experiment 6
< 0.001 80.38 74.94 52.18 73.46 0.61 99.79

(0.20m, 0.20m, 45◦)

(0.001, 0.005) 18.86 16.53 42.01 0.23 14.05 0.01
(0.005, 0.01) 0.00 0.37 0.00 0.35 21.79 0.02
(0.01, 0.05) 0.00 0.81 0.01 1.14 54.25 0.07

> 0.05 0.75 7.32 5.78 24.81 9.3 0.11

Fig. 3. The results for MBICP, IDC, ICP, are taken from [?].

of GPM [?] was used (without weighting, and only one iteration).
This seems a winning match, because GPM is not sensible to big
displacements, and then PLICP is able to converge very quickly to
the solution. Consider Experiment 6: the combination of the two
algorithms attains the best accuracy for 99.79% of the trials.

B. One anecdote

The second experiment performed in [?] involves the visual
inspection of the reconstructed scan-matched map for the given
sensor log. The map reconstructed by PLICP is virtually indis-

tinguishable from the one shown in [?]; it is not shown here for
reasons of space.

The following table shows the average number of iterations and
the average execution time on a Pentium IV 1.8GhZ. Results for
MBICP, ICP, and IDC are copied from [?].

avg. iterations avg. execution time
MBICP 31.2 0.076 s (13.1 Hz)

ICP 34.7 0.083 s (12.0 Hz)
IDC 30.4 0.240 s (4.1 Hz)

PLICP 7.2 0.0018 s (539 Hz)


