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Abstract—Accurate surface registration plays a vital role in
computer vision. In order to increase the accuracy of the registra-
tion, this paper proposes a general computational framework to
extract the anchor data from the scanned surface for registration.
A target surface is provided to guide the extraction and the
registration. First, the anchor data on the target surface is
manually highlighted according to prior knowledge. After that,
a fully automatic system will extract the anchor data from
each scanned surface and align the scanned surface to the
target surface based on the anchor data. The extraction and
the registration are performed iteratively to locate the correct
anchor data and increase the accuracy of the registration. In
each iteration, extraction derives anchor data to enable the
accurate registration, and the registration result is used to further
refine the anchor data. In order to prevent infinite loops in
the algorithm, orientation correction is proposed to perturb
the transformation after the registration and before updating
the anchor data. Experiments on different engineering parts
demonstrate its robustness and convergency. Compared with
traditional methods, our framework increases the registration
accuracy when dealing with incomplete and noisy data.

I. INTRODUCTION

Surface registration has been found in various applications,
such as data fusion [1] and 3D shape retrieval [2]. Many
researchers reviewed surface registration specially centered
in point-to-point and point-to-plane correspondences [3], the
outliers removal [4], and the multi-view registration [5]. Tra-
ditionally, surface registration is to find a rigid transformation
to minimize alignment error between the scanned surface and
the target surface. To handle surfaces of arbitrary orientations,
the surface registration involves a coarse registration followed
by a fine registration. In the coarse registration, different 3D
keypoint detectors [6] and various 3D descriptors [7] can be
used to quickly match two surfaces with different orientations.
In the fine registration, all points need to be taken into account.
The most widely used method is the iterative closest point
(ICP) [8].

Increasing registration accuracy is a major challenge in
surface registration, especially for surface inspection applica-
tions [9]. Dimensional distortion on the scanned surface can be
analyzed by aligning the scanned surface to the target surface.
The incomplete and noisy data in the scanned surface cause
errors in the registration. An anchor region is a region on the
surface which is considered to be more reliable than other
regions. Using only the anchor data other than the whole
scanned surface for registration would increase the registration
accuracy. However, it is not easy to identify the anchor data on
arbitrary scanned surface. Usually, only experts know where
the anchor data are, which may be semantically defined.
For example, engineering parts can be divided into different

functional regions. In Fig.1, the green region is usually hold
by a clamp unit. Compared with other regions, such fixation
regions provide reliability for surface registration due to the
following reasons:

• Design models for different parts of the same category
have fixation regions of the same specification.

• During a part’s service life, the whole shape, especial-
ly those regions not covered by fixations, may undergo
more deformation or damages.

Fig. 1: Anchor data (in green) on target surfaces.

Registration based on anchor data can highly reduce the
influence of the noise data. Global registration using whole
scanned surface data containing noise is likely to provide an
incorrect result. For the purpose of comparing the difference
between the designed (Fig.2(a)) and the tested (Fig.2(b))),
it is better to align their fixation regions (Fig.2(c)). Those
regions not covered by fixtures may be distorted too much
(the blue region in Fig.2(d)) such that registration based on
whole part data will lead to an incorrect alignment (Fig.2(d)),
which wrongly indicates a distortion in the fixation region.

This work aims to develop a general framework to extract
the anchor data from the scanned surface and based on these
data to register the scanned surface to the target surface.
We further improve the registration accuracy by incorporating
excessive region removal. The anchor region on the target
surface acts as prior knowledge to guide the subsequent data
extraction and registration.

II. A GENERAL FRAMEWORK FOR ALTERNATIVE

EXTRACTION AND REGISTRATION

This paper studies how to perform anchor data extraction
and anchor data based registration for a scanned surface S,
which is guided by the prior knowledge of the target surface R.
Different from traditional methods, our system aims to derive
the anchor data on the scanned surface for a fine registration.
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Fig. 2: Different registration results : (a) the target surface with
anchor data in green, (b) the scanned surface, (c) the correct
registration based on the anchor data, (d) the incorrect global
registration due to large distortion in other regions, and (e) the
incorrect result due to self-similarity in the anchor region.

The fine registration is not performed based on the whole
surfaces but based on the anchor data. After the registration,
the anchor data on the scanned surface will be updated. Anchor
data extraction and anchor data based surface registration are
two important operations. However, an accurate anchor data
extraction requires a good registration while a good registration
requires an accurate extraction of the anchor data. This looks
like the chicken-egg problem. Therefore, a new framework is
proposed to solve the two at the same time in an iterative
manner. A similar method can be found but in the field of
2D medical image segmentation [10]. Our work is for 3D
surface processing and registration, which is more complicated,
and the extension from 2D images to 3D surfaces is not
straightforward.

Fig.3 is our proposed framework for automatic extraction
and registration. The basic idea of the proposed framework
is the combination of anchor data extraction and anchor
data based registration. Registration and extraction should be
repeated until anchor data undergo no change within a given
tolerance. As shown in Fig.3, the framework consists of two
modules: preprocessing and extraction-registration.

A. Data preprocessing

In this work, engineering parts scanned using structure light
scanners are considered. A raw scanned surface is acquired
with the part free-standing on the scanner’s stage. There are
some limitations in the acquired data. There are not only
excessive regions acquired, which actually do not belong to the
part surface, but also missing data all over the scanned surface,
which may locate inside the anchor region to be identified. A
target surface is provided as input to guide the extraction and
the registration. The target surface may not match well with
the scanned surface outside the anchor region. However their
anchor region can be well matched. The preprocessing includes
two parts: interactive extraction of the target surface and initial
extraction of the scanned surface.

1) Interactive extraction of the target surface: We provide
an interactive tool for users to manually label the anchor
data on the target surface. Users are allowed to select one

Fig. 3: A general framework for automatic anchor data extrac-
tion and anchor data based registration.

region from the target surface and cut the region using two
screen points defining a 3D cutting plane. Users can select
one or more region to identify the anchor data. The first two
figures in Fig.1 shows two different anchor regions labeled
by users. The system can be considered as a semi-automatic
system. However, anchor data extraction of the target surface
can be done offline and needs to be performed only once.
If we consider the anchor data on the target surface as
prior knowledge, the rest extraction-registration steps are fully
automatic.

2) Initial extraction of the scanned surface: Initial extrac-
tion is to initialize the anchor data on the scanned surface.
Different from the target surface extraction, it is automatically
initialized in two steps. First, a coarse registration between
the whole scanned surface and the whole target surface is
calculated. Then, the anchor data on the scanned surface is
initialized as the part that falls into the anchor region on the
target surface. In our implementation, Sample Consensus Ini-
tial Alignment (SAC-IA) with Fast Point Feature Histograms
(FPFH) is used to generate such a coarse alignment [11]. Fig.4
shows initial anchor regions of two different engineering parts.
Each engineering part has two different initial anchor regions
corresponding to two different anchor regions of the target
surface in Fig.1.

B. Extraction-registration

The initial anchor data extraction of the scanned surface
is likely not accurate due to the noise and missing data
in the scanned surface, thus needs to be refined. Extraction
and registration are alternative to refined the anchor data and
improve the registration accuracy. In each iteration, registration
based on the anchor data needs to be performed once, and
the anchor data will be updated after the registration. Suppose
Ak−1 (Ak) is the area of the anchor region at the beginning
(end) of the k-th iteration. The algorithm finishes at the k-th
iteration if and only if |Ak−1 − Ak| is smaller than a given
tolerance.



Fig. 4: Initial anchor regions on two scanned surfaces (the
first and the forth surfaces are input, and the green regions are
anchor regions).

1) Anchor data based fine registration: Both point-to-point
algorithm [8] and point-to-plane algorithm can be adopted [3]
for a fine ICP registration. The fine registration is only based
on the anchor data other than the whole surfaces. Fig.2(c) is the
result by applying anchor data based ICP registration. Global
ICP based on the whole surface leads to an undesired result
(Fig.2(d)). The non anchor data on the scanned surface tends
to offset the alignment from the correct one.

One important fact is that, we cannot only use the anchor
data for a coarse registration, which may also create an incor-
rect initial alignment as shown in Fig.2(e). The whole target
surface other than its anchor data alone can provide enough
geometric features for a proper initial alignment, especially
when the anchor data contains self-similarities.

2) Update anchor region: The anchor data of the scanned
surface can be updated after a fine registration by selecting
those data corresponding to the anchor data of the target sur-
face. The extraction of the scanned surface has two objectives:
to update the anchor data on the scanned surface and to identify
excessive regions. In our range data, excessive regions can
be removed by defining a proper plane at the bottom on the
target surface. In Fig.5, the red line indicates the plane, which
corresponds to the stage plane of the scanner. Our system can
identify and remove the excessive regions from the scanned
surface.

Fig. 5: Extraction with excessive region removal.

3) Orientation correction: In the k-th iteration, after per-
forming anchor data based registration, suppose that the affine
transform from the scanned surface to the target surface is Tk.
Then, the accumulated transformation of the scanned surface
from its original position is Sk =

∏k

i=0
Tk. Denote M0 as

the original scanned surface, then after the k-th iteration, the

scanned surface becomes Mk = Sk · M0. If Sk = Sk−1, the
algorithm is considered to be converged and the algorithm
terminates. However, if Sk = Sl, l < k− 1, it is likely that the
algorithm falls into an infinite loop every (k − l) iterations:

Sk = Sl, Sk+1 = Sl+1, · · · , S2k−l = Sl, · · · .

Thus, to solve this problem, our algorithm caches all Sk, and
performs orientation correction on Sk to prevent Sk = Sl, l <
k − 1. The orientation correction will modify Sk by keeping
its translation part unchanged and perturbing its rotation part.
Suppose (αk, βk, γk) is the rotation angle of Sk along three
axes, then Sk is updated by

(αk, βk, γk) = δ(αl, βl, γl) + (1 − δ)(αl+1, βl+1, γl+1),

where δ ∈ (0, 1) is selected such that Mk does not repeat any
previous transformation to remove loops.

III. EXPERIMENTAL RESULTS

This section will show the benefits using our framework
compared to traditional methods. We also applied our frame-
work to different engineering parts to analyze its convergency
and repeatability. Engineering parts of the same category are
aligned to the same target surface. The anchor data of the target
surface need to be initialized once. Then, all scanned surfaces
can automatically be aligned to the target surface.

A. Comparison

The proposed framework adopts all data from the scanned
surface for a coarse registration and performs a fine registration
based only on the anchor data, i.e. it adopts the global
coarse registration and the anchor data based fine registration.
Traditional methods either used global data or only anchor data
for the coarse/fine registration. The example in Fig.2 shows the
advantages of our method over the traditional methods. Global
registration in Fig.2(d) cannot properly fit the data in the
anchor region. Registration in Fig.2(e) uses only anchor data.
The incorrect coarse registration fails to provide the desired
result as Fig.2(c).

B. Convergency

To show the convergency performance, the proposed algo-
rithm is applied to five scanned part surfaces of a same type.
The validation statistics are collected in Table.I. The algorithm
can finish in only a few steps. Fig.6 plots the “change” in the
anchor region’s area. For the k-th iteration, the “change” is

defined as
Ak−Ak−1

Ak−1

. Fig.6 shows that the change in the anchor

region’s area varies more in the first few iterations, and keeps
reducing nearly to zero in about 12 iterations.

TABLE I: Statistics of the five engineering parts.

part1 part2 part3 part4 part5

Total vertices 325736 312111 312815 354106 320618
Anchor vertices 111905 123826 111125 109660 110374

Iterations 11 8 12 14 11



Fig. 6: The plot of the area change against the iterations.

C. Repeatability

The repeatability test is performed by scanning one single
engineering part for 20 times to provide 20 different scanned
surfaces, each of which is aligned with the target surface. For
the i-th scan, the area of the anchor region is denoted as Ai.
The variation of the area is calculated via

vi =
Ai −A

A
,A =

20∑

i=1

Ai.

According to the result in Fig.7, the variation falls in the
interval (−1%, 2%).

Fig. 7: Repeatability test results for two different parts.

IV. CONCLUSIONS

A general framework is proposed to iteratively perform
anchor data extraction and anchor data based registration. A
target surface with anchor data is used to guide the extraction
and registration. Extraction is used to derive the anchor data
for registration. The registration is performed between the
anchor region of the scanned surface and the anchor region
of the target surface. The registration result is used to further
refine the anchor data on the scanned surface. Given such
prior knowledge of the anchor data on the target surface,
the framework can fully automatically perform the extraction
and the registration. Otherwise, an interactive tool is provided
for users to easily build up such prior knowledge. Different
engineering parts are tested to show its accurate registration
with very good convergency and repeatability.
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