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 Abstract –In manufacturing industry or equipment painting 

fields, the equipment may have minor shape changes. In order to 

obtain a better fabrication or painting results, it is required to get 
an accurate on-site 3D data of the equipment rapidly. A new path 

generating method on industrial robot with 3D scanner is 

proposed in this paper. The main idea of the method is to obtain 

a coarse model of the equipment from the CAD and translate it 

into the robot coordinate system. Then the model is segmented 
into flatness zones. Meaningful zone information and collision 

detection are used to generate the scanning path which could be 

used by the robots directly. The simulation and the on-site 

experiment results show its effectiveness and feasibility using the 

ABB's 5400 robot and TOF depth camera. 

 
 Index Terms – three-dimensional data, industrial robot, zone 
divide, acquisition path 

 

I.  INTRODUCTION 

A complete 3D model reconstruction system consists of 

five basic modules, including data acquisition, data 

segmentation, data registration, geometric modeling and 

texture modeling. Most people do research in data 

segmentation[1] and data reg istration[2, 3], however, only few 

people turn to the study of how to acquire the 3D data. In 

industrial robots fields such as mould fabrication or equipment 

painting in the manufacturing process, the equipment may  

have minor shape changes during the procedure of 

construction and operation. So it is required to get an accurate 

on-site 3D data of the equipment before fabrication or 

painting.  

Some researchers have done similar work. Shu C 

employed a slicing method to generate scanning paths, which 

divided the surface of a CAD model into sections such that 

each section can be covered by a single 3D line laser scanning 

pass[4]. But the method didn’t analysis the object property and 

could only be used for simple objects. Trucco E designd the 

optimal placement of the sensor[5] and Chen S obtained a 

shortest path through these viewpoints by means of 

Christofides algorithm[6]. However, both of the two methods 

aim at small objects, and neither of them is suitable for  

large-size equipment.  

Mostly, the on-site 3D data acquisition of large-size 

equipment is obtained by using handheld 3D scanner or 

industrial robots equipped with 3D scanner. Handheld 3D 

scanning method is flexible but very time-consuming, 

especially for the equipment without rich textural features .  

Instead, the automatic scanning method using industrial 

robots equipped with 3D scanner is more effective and the 

result data are in the robot coordinates and the robot can use it 

directly[7]. So, the key problem is how to generate scanning 

path of the robot efficiently taking into account various 

equipment. 

Considering the detection range and angle  of the scanner, 

it needs to design reasonable scanning path offline accord ing 

to the characteristics of the scanned equipment. The most 

direct approach is manual teaching online, but it cost much 

time and is only suitable for one certain type of equipment. 

Unfortunately if there are various types of equipment, we have 

to teach the path for each type of the equipment. This reduces 

the level and efficiency of industrial robots.  

This paper focus on path generation to obtain a complete 

and fine on-site 3D data quickly  which could be used for 

further 3D reconstruction, in order to get a better fabrication or 

painting results. Taking into account this special background, 

we get equipment’s coarse 3D data from their CAD models or 

using a handheld 3D scanner, and add them to an off-line 

lib rary. Then we translate the data into the robot’s coordinate 

system manually. Under th is precondition, it’s possible to 

generate the scanning path that could be used by the robots. 

Whenever equipment comes, we search the library and 

generate the scanning path. Then the robot can scan the 

equipment quickly and obtain its fine on-site 3D data. The 

whole process of this method is shown in Fig.1. 

 

 

Fig. 1 Overview of processing 



The rest of the paper is organized as follows. The 

notations relevant to our method is described in Section II. 

Section III present zone div iding algorithm, while Section IV 

explains how to generate scanning points basing on the 

advanced dividing results . In Section V, a simulation and an 

actual experiment are carried out, which shows the feasibility 

and effectiveness of the proposed method. Conclusions are 

given in Section VI. 

II. RELEVANT  NOTATIONS 

 Before introducing the details of our method, we list the 

following notations which will be used in the remainder of this  

paper. 

1. E is indicated as vertex set, iT expresses the zone whose 

index is ‘ i ’, ijV  is representative to the point whose 

index is ‘ j ’ and belongs to the zone whose index is  ‘ i ’, 

therefore, we have the expression 
j

iji VT  ，
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iTE . 

2. Assume point ),,( vvv zyxV  and each point in the 

point set },2,1),,,({ nizyxPP iiii   are 

connected, point set P  is the neighborhood of 

),,( vvv zyxV  as the Euclidean d istance from any point 

who belongs to point set P  to the point 

),,( vvv zyxV  is smaller than D. For any point jV  

outside of V’s neighborhood, we could record them as 

connected if we find a path from V to jV , and signed as

  1, ji VVU . If each point in zone T is connected to 

every point in zone T , we have the expression

  1TU . 

3. For point set   nizyxVV iiii  ,2,1,, , we 

have iV ’s neighboring point set 

},2,1),,,({ nizyxPP iiii  the Euclidean  

distance from each point in  it  to iV  is smaller than D. 

n


is representative to the normal vector of the plane, 

fitted by the point iV and its neighboring point set 

},2,1),,,({ nizyxPP iiii  . Defin ing point 
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 , when D comes to 0, if we have the 

inequation 0 nm


, we regard n


as iV ’s 

approximate normal vector, otherwise, we regard n


- as

iV ’s approximate normal vector. 

III. ZONE DIVIDING 

 As this paper has such a specific application background, 

whether it  is used for painting or fabrication, the efficiency 

and safety is always the first two factors  concerned about.  

Hence, reasonable dividing zones and suitable collision 

detection algorithm during the process can lead to a good 

result. In this section an approach to segment standard point 

cloud model based on plane fitting and automatic clustering is 

introduced.  Actually, a clustering method has been proposed 

in our previous work[8], but the input is mesh data and it is 

only used for zone divid ing. This approach is used for 

generating scanning points and the input is original point 

cloud. No need for a fixed cluster is the advantage of this 

segment approach.  

A. Flow chart of clustering algorithm 
 

 

Fig. 2 Flow chart of clustering algorithm 

B. Obtaining points’ normal vector 

 It is necessary to know the in formation  of points ’ normal 

vector before we d ivide the standard model into zones. A 

precise normal vector can make a good contribution to zone 

dividing. For a given model, the method below helps us obtain 

each point’s normal vector. 

 Here the neighboring point set of point ),,( vvv zyxV is 

searched first. Afterwards, we could find some triangles 

composed of any two of these neighboring points and point

),,( vvv zyxV . Then the normal vector of point V is 

determined by weighted average of all the vectors of its 

related triangles. 



 

Fig. 3 Obtaining point’s normal vector 

we can have the formula 
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1  , where jn


means 

the outside normal vector of jT and vn


means the normal 

vector of ),,( vvv zyxV , as is shown in Fig.3. 

 The first time, we may obtain a normal vector with large 

error if V is an edge point whose neighboring point set would 

probably fall in two zones and lead to V ’s large curvature. 

Consequently, searchingV ’s neighboring point set only from 

the region V falls in  and estimating its vector again is a must. 

Each time the zone state changes need a normal vector update 

for the sake of getting a precise normal vector. 

C. Clustering centers selection 

In this paper, we select seed point by testing smoothness 

of each point in each zone. Smoothness of a point is defined as 

the average angel error between normal vector of this point 

and that of each one of its neighboring point set. The smaller 

the angel error is, the smoother the plane fitted by the point 

and its neighbor is and the less fitting error exists. 

),,( vvv zyxV indicates a certain point and 

},2,1),,,({ nizyxQQ iiii  means its 

neighboring point set. Point V has the normal vector, point in  

the point set Q has the normal vector jn


, then smoothness of 

V is defined as the following formula: 
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We choose points with the least smoothness as seed 

points. 

D. Point cloud data clustering  

The task of this step is to place each point of the model in  

most suitable zone. It is fairly  hard for us to get any other 

informat ion of the point cloud except the Cartesian 

coordinates and approximate normal vector of each  point. So  

there are only two principle ru les to judge if a  point belongs to 

a zone: 

1. If the angel between the point’s normal vector and a 

zone’s seed point’s normal vector is smaller than the 

given threshold. 

threshold
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2. If the Euclidean distance from point to the plane is 

also smaller than given threshold. 

threshold
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   (3) 

We regard points that fulfill both the two conditions 

above as ones belonging to a zone.  

E. Zone split and merging 

After clustering the point cloud follows updating seed 

points in each zone. If there exist at least two points that have 

same smoothness, we select the one which stays closest to the 

center of the zone. Later, measure each point of the zone and 

test if they satisfy formula (2) and (3) again. For points not 

qualified, separate them from the zone and reallocate them to 

fittest zone. Besides, zones in one another situation need a 

consideration of zone split. More detailed description about 

this situation can be found in our previous work[8], called  

connectivity analysis. 

For any point in a zone, if we could  find a connective 

way from this point to each other one in the zones through the 

points’ connective neighboring point set step by step, the zone 

can be regarded as a connective zone. Following the manner:

TVV ji  , ， ET ，if a zone T is in connective state, 

the relation   1, ji VVU and   1TU is always met, 

otherwise, zones will be split into several connective ones. 

F. Fine dividing 

As the method this paper proposed is directly applied to 

acquiring equipment’s 3D data by handling industrial robots, it 

is a main goal to try to make a best of increasing the safety 

and efficiency. The generating process of zone 1’s scanning 

path is easy to have collisions with zone 2, zone 3 and zone 4, 

which matters the generating speed of the method, for 

situation shown in Fig.4. 

This paper put forward fine div iding so as to solve such 

problems. Zones are split into more ones by their edges if 

there exists more than one the other zone in the normal vector 

direction. 

 

 

Fig. 4 Fine dividing instance 

To do this, obtaining the edge of a zone is premise. 

Check each point’s neighboring point set and edge points that 

should be retained can be described as following manner. 

in TV  and nV ’s neighboring point set 



 nizyxPP iiii  ,2,1),,,( , 
nV is an edge point if we 

can find at least one point mP that satisfy jm TP  and 

jinm  , . On the foundation of above edge points, 

we can estimate meaningful segmentation lines that can help 

divide zones. 

There’re two ways to estimate lines through the edges. 

One is changing these edge points into some point chains first, 

and then fit the lines through least square method or the 

RANSAC algorithm. The other is detecting probable lines by 

general Hough Transform[9, 10]. Hough Transform can detect 

all the probably lines at the same time and have a good 

robustness for outliers. For this reason, Hough transform is 

chosen. Dimensionality reduction is achieved by project ing 

the 3D points to the region’s local plane.  

The Hough transform can obtain so many lines including 

ones undesired, therefore, result analysis is set for finding final 

lines.  

IV. FAST SCANNING PATH GENERATING 

 In this part of the method presented, analyzing the related 

data of each zone is the first step. Secondly, generate the 

scanning point according to rules set in advance. Thirdly, sort 

all the scanning points in Cartesian space. Finally, the 

scanning path for on-set three-dimension data can be acquired 

after transforming the result into robots ’ coordinate system. 

A. Flow chart of fast scanning points generating 

 

 

Fig. 5 Flow chart of fast scanning points generating 

B. Collision detecting method  

A procedure is adopted to detect collision in this part, as 

is shown in Fig.6. Whether the robot terminal tool, o r saying 

the scanner has a collision with the object, can be translate to 

the question that if the tool has collisions with any of the 

zones of the object. 

Judging the collision between the terminal tool and a 

zone just needs two steps, under the precondition that all the 

scanning points will always be outside of the equipment in 

fact. The first step is to decide if the bounding box ranges both 

sides ofZ coordinate after projecting the tool in zone’s local 

coordinate system. If it ranges only one side, then it will surely  

have no collision with this zone. 

 

 

Fig. 6 Two non-collision situation 

However, there is still a condition that won’t collide 

shown in Fig.6, if it ranges two sides. So the second step is to 

decide whether the bounding box intersect with the region’s 

edges. Intersecting means collision, otherwise, there will 

absolutely have no collision. Methods that can test if two  

polygons intersect can refer to other papers such as [11, 12]. 

C. Scanning points generating    

In this part, generating scanning points is proposed on the 

basis of local coordinate and collision detection. 

We first projecting all the points into their own regions 

and obtain the local coordinate systems. Then we can get 

informat ion such as minX , maxX , minY and maxY , the minimum 

and maximum value along localX and localY axis in local 

coordinate system and the transition matrix transferT through 

processing a zone’s point data. When generating a zone’s 

scanning points, rules are set as follows. Generate the 

scanning points one by one from the maximum to the 

minimum of localY axis and from the negative to the positive 

of localX axis, regarding localY axis as the column and 

localX axis as the row. The point number represents the 

generating sequence in Fig.7.  

Once a scanning point generated, the bounding box of the 

tool at this position is calculated. Collision detection can be 

carried out upon the basis of the method mentioned above. 

Save this point and start to count the next scanning point if it  

is non-collided, otherwise, abandon this point and back away 

some distance of the localX axis and obtain a new scanning 

point. Afterwards, turn to calculate the scanning points of the 



next row which has a bigger Y value until all the safe scanning 

points of this zone are got. 

 

 

Fig. 7 Zones’ scanning points generating instance 

For instance shown in Fig.7, the 8th scanning point is 

detected collided with some of the zones after get the first 

seven points. So the 8th point is abandoned and a new point 
'8 is calculated, but it still has collisions with some of the 

zones at this point. Then the new point
''8 is calculated, but the 

X value of point
''8 is smaller than the 7th point’s. Therefore, 

change the direction and get point
'''8 , and find this is a  safe 

scanning point. Save it and turn to calculate the next one. 

This generating scanning points method’s efficiency and 

precision depend on the classification result of the 

equipment’s standard point cloud model, the parameters of the 

3D scanner and the back away and advance distance 

threshold . Higher efficiency comes from the more accurate 

classification result, the better parameters of the scanner and 

the more suitable distance threshold set. However, larger 

distance threshold may lead to more area that the scanning 

couldn’t reach. On the contrary, there will be more scanning 

points and will have a bigger range of the scanning. But the 

overlapping part will be superabundant leading to a low 

efficiency. 

Finally, sort these scanning points according users ’ 

demand in Cartesian space after calcu late them on the basis of 

the method this paper p roposed. Then, the robots’ pose can be 

inferred from these canning points through the transform 

matrix between the scanner and the robots ’ terminal. That is 

just the result needed by the control platform of the robot. 

 

V. EXPERIMENTS AND RESULTS 

 We make a simulation and an on-site experiment to test 

the method proposed in this paper by using the ABB's 5400 

robot and TOF depth camera.  

 The experiments show the feasibility and the safety of this 

method. A point cloud model is obtained firstly, which is used 

as the coarse standard model. We translate the data into the 

robot’s coordinate system secondly. Finally we scan the 

equipment on-site again using the method this paper proposed  

A. Processing results of the standard model 

 The testing is made on some type of the car, according to 

the method proposed in this paper. The bounding box of the 

robot terminal tool used in the collision detection is a cuboid 

box, shown in Fig.6, which measures 300*300*450mm. Fig.8 

shows the actual tool including the TOF camera  for scanning 

and its scanning area illustration.  

 

 

Fig. 8 The actual robot terminal tool 

 

 

Fig. 9 The processing and simulating result (top left: the 

clustering result; top right: the scanning points generating results; 
middle: little RGB coordinates indicates the scanning poses of the 

robot; bottom: the simulating scenes) 

 The number of the scanning points is 126 for an  

approximate 8000*2000*1500mm car through the method we 

represent. The total calculating process cost a time of several 

minutes level. Fig.9 show the scanning points and the 

corresponding robot poses. The simulation software shows the 



whole on-site scanning will cost '''185 , following no collision 

in the scanning process. As a contrast, scan this car on-site 

need 113 points through manual teaching online method in our 

previous work and the whole teaching process of a certain 

type of equipment cost hours. 

B. On-site experiment result 

 

 

Fig. 10 On-site scanning result by the method 

The on-site scanning result is shown in Fig.10. The actual 

area of the car is almost 47.39
2m , and the on-site scanning 

covers an area of nearly 46.88
2m , which occupies 98.9 

percent of the whole car. The scanning process takes up
'''245 . The overlapped area of the scanning picture is less 

than 20 percent. Set a better parameter can reduce the 

overlapping area and shorten the scanning process time. As a 

result, the method proposed in this paper can replace the 

traditional ways of manual teaching online method in  some 

situations we mention above. 

 

VI. CONCLUSION 

 In this paper a method that can automatically calcu late the 

scanning points is proposed for fast acquiring equipment’s 

on-site 3D data. The output of the method can be used by 

robots directly. The experiments result shows that the method 

can replace the tradit ional ways of manual teaching online 

method in some situations mentioned above.  

 The proposed method is suitable for conditions such as 

mould fabricat ion or equipment painting in the manufacturing 

process, when there are many kinds of equipment and there is 

a demand for acquiring their fine on-site 3D data by the 

robots. In this background, the method can replace the 

traditional means and increase the efficiency and reduce the 

human labor. Our future work will aim at developing a more 

powerful method, which will eliminate the precondition of 

knowing the coarse model at first. One idea is to move the 

robot in its maximal working space and scanning the whole 

scene. Using some filtering methods to obtain the equipment’s 

coarse 3D data and then move the robot again to scanning a 

fine data by this method.  
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