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Abstract—This paper deals with the fine plane estimation. 
For a plane detection the level connected component labeling 
algorithm is used. The precise plane position is determined by 
the plane’s points histogram in the scanning dimension. Up till 
now, the final plane’s range has been selected manually by 
a parameter. Plane presence in an input point cloud represents 
the higher points’ concentration in the scanning dimension, 
higher than average value. The concentration decreases on both 
sides from a local maximum value. This paper presents the 
algorithm of the elbows’ position estimation for the optimal 
plane’s points range expression. The experimental part shows 
practical results of several examples and gives recommendations 
for parameters setting. 

Keywords—plane detection, elbow estimation, level connected 
component labeling 

I. INTRODUCTION 
Measured points in a cloud have no relation between each 

other except for the common coordinate space origin. To get 
more information about the scanned space the additional 
processing is necessary. Nowadays measurement systems, as 
Faro Focus 3D, provide detailed and precise point clouds with 
big amount of measurement points, see [1]. The high memory 
consumption is not suitable for all systems. For example, 
mobile robots are usually composed from small embedded 
devices. If they use a 3D map for the navigation, this map has 
to be simplified to meet robots’ memory space [2]. Likewise, 
when measurement data are processed, usually individual 
points losing their meaning. More important is an object or 
a structure composed from these points. The robot in this 
research provides the furniture contours extraction and 
recognition. In our research we focus on the detection of 
planes. 

The most recent research in [3] deals with the robust road 
extraction by using the fusion of the LiDAR point cloud, 
camera images, and the deep learning technique. The 
presented results show the algorithm abilities for robust 
detection under unfavorable conditions. Authors in [4] 
propose new method for plane detection by use of 
octree-balanced density down-sampling and iterative adaptive 
plane extraction. Presented results show the developed 
method robustness. The randomized Hough transform is 
fundamental for plane detection in the paper [5]. The 
developed algorithm stands out by its speed and accuracy. One 
of the recent research [6] presents a complex system for the 
plane detection and classification. Planes are segmented by the 
DBSCAN method which respects also curvatures to provide 
the fine segmentation. The research in [7] focuses on the 
LiDAR camera calibration by extraction of plane markers 
from 3D point cloud data. By use of plane it is easier to select 
area then from the vertex. 

In our research [8], [9], and [10] we use own modified 
connected component labeling algorithm for 3D space - LCCL 

(Level Connected Component Labeling). A plane presence is 
determined by the higher points’ concentration in the scanning 
dimension. Up till now, the final plane range has been selected 
manually by a parameter. In this paper we propose the method 
for the fine plane range estimation based on the elbows 
detection in the histogram. This method is known many years, 
see [11]. In the recent research the authors modified the 
method’s resilience to long tails [12]. In this paper we present 
our adaptation for the fine plane range estimation, which uses 
two stages. At the first step the elbow’s position is roughly 
estimated and at the second step, the fine searching is 
performed. 

The rest of the paper is organized as follows. Section II 
briefly describes the plane detection algorithm. Section III 
introduces the proposed algorithm. Section VI discuss the 
results. The paper ends with a conclusion. 

II. PLANE DETECTION ALGORITHM 
The plane detection algorithm is introduced in [8]. For the 

purpose of this paper it is necessary to explain how a plane is 
detected. The algorithm LCCL is based on the progressive 
searching of individual levels in the selected scanning 
dimension 𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠 and their marking by indexes in the similar 
way as the classical component labeling. Fig. 1 shows one 
level estimation for a simple point cloud model (blue points). 

 
Fig. 1. Detail of plane estimation in point cloud. 

Analyzed data are marked as the input matrix 𝑋𝑋𝐿𝐿 . The 
process begins by setting the minimal 𝑚𝑚𝑑𝑑𝑚𝑚𝑚𝑚 and the maximal 
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚  input data range in the scanning dimension 𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠 . 
There are two important parameters, the 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 as the maximal 
deviation from a level value, and the 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  multiplier 
denoting the new level searching range. The algorithm uses 
two values to express the range of selected data in each step, 
the down threshold 𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚 (4), and the up threshold 𝑢𝑢𝑢𝑢𝑚𝑚 (1). 
For the first step the 𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚 value is set as the minimal value 
of the scanning dimension   𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚 =  𝑚𝑚𝑑𝑑𝑚𝑚(∀𝑋𝑋𝐿𝐿(𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠) ). 
The value 𝑢𝑢𝑢𝑢𝑚𝑚 is in each step set by the equation 

 𝑢𝑢𝑢𝑢𝑚𝑚 =  𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚 +  𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ⋅ 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  . (1) 

The selected point cloud data range is described in the next 
equation by mentioned parameters as  
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 𝑙𝑙𝑙𝑙𝑙𝑙𝑋𝑋𝐿𝐿 = (∀𝑋𝑋𝐿𝐿(𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠) ≥ 𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚) ∧
∧ (∀𝑋𝑋𝐿𝐿(𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠) ≤ 𝑢𝑢𝑢𝑢𝑚𝑚)  . 

(2) 

The algorithm then estimates the level value 𝑑𝑑𝑑𝑑 (red plane 
in Fig. 1) from the level histogram ℎ𝑙𝑙𝑙𝑙𝑙𝑙  as max (ℎ𝑙𝑙𝑙𝑙𝑙𝑙(𝑙𝑙𝑙𝑙𝑙𝑙𝑋𝑋𝐿𝐿)). 
The histogram of points’ 𝑍𝑍 dimension from Fig. 1 is shown   
in Fig. 2. 

 
Fig. 2. Points’ histogram in scanning dimension dim𝑠𝑠 = 𝑍𝑍. 

The level histogram is composed from the 𝑢𝑢𝑢𝑢𝑚𝑚 and the 
𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚  points’ range (grey planes in Fig. 1) in scanning 
dimension 𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠 = 𝑍𝑍. The rough level data range 𝑋𝑋𝐿𝐿𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 is 
selected by using the 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 value and the estimated level value 
𝑑𝑑𝑑𝑑 in the interval [𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚,𝑢𝑢𝑢𝑢𝑚𝑚] as 

𝑋𝑋𝐿𝐿𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = ∀𝑋𝑋𝐿𝐿(𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠) ≥ (𝑑𝑑𝑑𝑑 − 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) ∧ 
                    ∧ ∀𝑋𝑋𝐿𝐿(𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠) ≤ (𝑑𝑑𝑑𝑑 + 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) . 

(3)  

After a level estimation at the n-th step the new minimum 
𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚 for the next step (𝑚𝑚 +  1) is defined as 

 𝑑𝑑𝑑𝑑𝑤𝑤𝑚𝑚𝑚𝑚 =  𝑑𝑑𝑑𝑑 + 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 , (4) 

and the value 𝑢𝑢𝑢𝑢𝑚𝑚 is again set according to the equation (1). 
Combination of equations (1), (3) and (4) ensures best levels’ 
distributions in the input data 𝑋𝑋𝐿𝐿  according to their 
concentrations in analyzed dimension 𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠. 

For plane visualization we use own developed tool the 
level image, introduced in [9]. The detected plane from Fig. 1 
with marked plane outliners is shown in Fig. 3. 

 
Fig. 3. Plane visualization by level image with marked outliers by red color. 

For more information about the level image, its utilisation 
to get important plane’s space properties or how to isolate 
individual planes in one level, see [8] and [10]. 

III. FINE PLANE ESTIMATION 
The parameter 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 in equation (3) is selected by the user. 

It is useful to determine this parameter manually, it allows to 
express the maximal points’ deviation from the detection 
level, which represents quality of the detected plane, but the 
selected range is not always ideal. In this section we describe 
the algorithm for the automatic fine plane’s data range 
selection on the real point cloud data. The input point cloud is 
shown in Fig. 4. The histogram of the scanned dimension 
𝑍𝑍 gives Fig. 5. By its closer analysis is noticeable that there 
are two local maxima on both sides representing the room’s 
floor and the ceiling. The higher concentration in the middle 
is caused by the higher measurement points density and by 
planes near to window. From a local maxima value the point’s 
concentration decreasing on both sides to its average value in 
the 𝑍𝑍 dimension. The histogram in Fig. 5 is noisy and before 
further processing it is necessary to apply filtration. 

 
Fig. 4. Input point cloud. 

 
Fig. 5. Histogram of points’ concentration from Fig. 4 in 𝑍𝑍 axis. 

Following Fig. 6 shows the histogram’s detail for the first 
level (left side of Fig. 5) estimation, selected by the equation 
(3). The parameters 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 0.1 and 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 1.5. 



 
Fig. 6. Histogram of first level estimation. 

The aim of the fine range selection is to find the transition 
from the higher concentration to the average value. The 
condition for start the search of elbows’ position is defined by 
following condition 

 ℎ𝑙𝑙𝑙𝑙𝑙𝑙�����
𝑚𝑚𝑚𝑚𝑚𝑚(ℎ𝑙𝑙𝑙𝑙𝑙𝑙)

≤ 𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙   , (5) 

where 𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙  is the ratio between the histogram mean ℎ𝑙𝑙𝑙𝑙𝑙𝑙����� and its 
maximal value 𝑚𝑚𝑚𝑚𝑚𝑚(ℎ𝑙𝑙𝑙𝑙𝑙𝑙) . When this ratio is higher then 
selected threshold 𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙  the elbows’ position is estimated. For 
our purpose we select 𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙 = 45%. 

The blue curve in Fig. 6 is the point density histogram near 
to the detected 𝑑𝑑𝑑𝑑 with 1 mm resolution in 𝑑𝑑𝑑𝑑𝑚𝑚𝑠𝑠. The curve 
is noisy and for the filtration and further processing we use the 
derivation step 𝑑𝑑𝑑𝑑 . The green line in Fig. 7 is the moving 
average 𝑚𝑚𝐴𝐴ℎ𝑙𝑙𝑙𝑙𝑙𝑙  of the histogram ℎ𝑙𝑙𝑙𝑙𝑙𝑙  with the window size 
2𝑑𝑑𝑑𝑑 . The parameter 𝑑𝑑𝑑𝑑 = 1 𝑐𝑐𝑚𝑚  in this example. From the 
filtered curve it is possible to securely estimate positions of 
both elbows. The maximal value is marked by index 𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖. 

 
Fig. 7. Fine plane range estimation from filterd histogram. (blue 
curve - orginal histogram, green line - filtered histogram, red dots are new 
estimated range) 

The fine plane estimation lies in the automatic finding the 
elbows’ position. The first algorithm’s rough step is the check 
of derivation Δℎ𝑙𝑙𝑙𝑙𝑙𝑙/Δ𝑑𝑑𝑑𝑑 value. The derivation is evaluated in 
the moving window of size 𝑑𝑑𝑑𝑑 from the maximal histogram 
value 𝑚𝑚𝑚𝑚𝑚𝑚(ℎ𝑙𝑙𝑙𝑙𝑙𝑙) on both sides. The derivation is defined as 
follows 

 
Δℎ𝑙𝑙𝑙𝑙𝑙𝑙
Δ𝑑𝑑𝑑𝑑

=

𝑚𝑚𝐴𝐴ℎ𝑙𝑙𝑙𝑙𝑙𝑙(𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖 ± 𝑑𝑑𝑑𝑑 ⋅ 𝑚𝑚𝑑𝑑) −
− 𝑚𝑚𝐴𝐴ℎ𝑙𝑙𝑙𝑙𝑙𝑙�𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖 ± 𝑑𝑑𝑑𝑑 ⋅ (𝑚𝑚𝑑𝑑 + 1)�

𝑑𝑑𝑑𝑑
  , 

(6) 

where the sign ± marks the both sides’ check. The range of the 
index 𝑚𝑚𝑑𝑑  for the right side is defined as 
𝑚𝑚𝑑𝑑 ∈ [1,2, . . . , max𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑚𝑚 ⋅ 𝑑𝑑𝑑𝑑 ≤  𝑁𝑁ℎ𝑙𝑙𝑙𝑙𝑙𝑙]  and for the left 
side as 𝑚𝑚𝑑𝑑 ∈ [1,2, . . . , max𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑚𝑚.𝑑𝑑𝑑𝑑 ≥ 1]. The value 𝑁𝑁ℎ𝑙𝑙𝑙𝑙𝑙𝑙  
is size of histogram elements and the index 𝑚𝑚 increasing from 
[0, 1, …] until the condition in 𝑚𝑚𝑑𝑑 is valid. The derivation 
value is also check by the next equation 

 Δℎ𝑙𝑙𝑙𝑙𝑙𝑙
Δ𝑑𝑑𝑑𝑑

< 0.25  , (7) 

which describes the decrease of derivation value under 25%. 

After finding the position by equation (7) it follows the 
second step - the final accurate position estimation. From this 
position the algorithm uses the fine point by point evaluation. 
This step uses the index 𝑚𝑚𝑑𝑑  and starts in the last position 
𝑑𝑑𝑑𝑑 ⋅ 𝑚𝑚𝑑𝑑. The values of histogram are compared and checked 
by the ratio 𝑙𝑙𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑, set by the user. The following equation (8) 
gives the ratio calculation 

 𝑚𝑚𝐴𝐴ℎ𝑙𝑙𝑙𝑙𝑙𝑙(𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖 ± 𝑑𝑑𝑑𝑑 ⋅ 𝑚𝑚𝑑𝑑 + 0,5𝑑𝑑𝑑𝑑 + 𝑚𝑚𝑑𝑑)
𝑚𝑚𝐴𝐴ℎ𝑙𝑙𝑙𝑙𝑙𝑙(𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖 ± 𝑑𝑑𝑑𝑑 ⋅ 𝑚𝑚𝑑𝑑 + 𝑚𝑚𝑑𝑑) ≤ 𝑙𝑙𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑 .. (8) 

We used 𝑙𝑙𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑 = 5% in our experiment, which express 
small value change. The value of half derivation step 0,5𝑑𝑑𝑑𝑑 
ensures the appropriate offset between compared values with 
the value  on the index 𝑚𝑚𝑑𝑑 ∈ [0,1, … ,𝑑𝑑𝑑𝑑]. In case of any value 
does not meet the condition (8), the algorithm ends the search 
and the final elbow’s position is on the index 
𝑚𝑚𝐴𝐴ℎ𝑙𝑙𝑙𝑙𝑙𝑙�𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖 ± 𝑑𝑑𝑑𝑑 ⋅ (𝑚𝑚𝑑𝑑 + 1)� . Two red dots in Fig. 7 
mark the elbows’ position. The estimated positions are about 
the points’ concentration equal to 10. The detected plane 
before and after fine estimation is depicted in Fig. 8. 

 
Fig. 8. Plane data renge, (a) before fine estimation, (b) after fine estimation. 

From analysis of Fig. 8 (a) is obvious that a part of points 
belongs to planes in the 𝑋𝑋 and the 𝑌𝑌 axis. After their removal 



in Fig. 8 (b), all present points belongs entirely to the detected 
plane in 𝑍𝑍  axis. The decision which point belongs to the 
concrete plane depends on the plane’s statistical parameter, for 
witch plane that point has better statistical properties. 

IV. EXPERIMENTAL RESULTS 
This section includes several examples and situation 

which can happen when the new proposed method is used. 
The first example in Fig. 9 is indoor corridor. Plane detection 
parameters has bigger values than is usual, concretely 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 0.3 and 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 1.5. 

 
Fig. 9. Point cloud of indoor coridor  

This point cloud is scanned in 𝑍𝑍 dimension. The histogram 
of the first level with the estimated elbows marked by red dots 
is shown in Fig. 10. 

 
Fig. 10. First level historgram of  Fig. 9 with marked elbows. 

By comparing of both ranges in Fig. 11 and Fig. 12 is 
obvious the correct algorithms’ output. Even a bigger range 
was selected via the parameter 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 the fine plane’s range was 
estimated. 

 
Fig. 11. First level estimation of Fig. 9. 

 
Fig. 12. Fine level estimation of Fig. 11. 

 
Fig. 13. Doors, (a) point cloud, (b) Y axis histogram with mared fine range. 

 
Fig. 14. Doors, (a) normal plane range, (b) estimated fine plane range. 

In case of doors in Fig. 13 the algorithm was also 
successful. The scanning dimension is 𝑌𝑌 . The detection 
parameters are set as following, 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 0.2 and 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 1.5. 

 
Fig. 15. Cupboard, (a) point cloud, (b) histogram of X axis with marked fine 
range by red dots. 



 
Fig. 16. Cupboard, (a) plane range, (b) estimated fine plane range. 

The problematic case shows the cupboard in Fig. 15. If 
Fig. 16 (a) is closely analysed it is possible to notices the two 
close planes, which confirms also histogram in Fig. 15 (b). In 
practice the selected range is correct and only back wall is 
segmented in Fig. 16 (b). This case also showing the algorithm 
feature to stop in the local minimum. Always depends on the 
point cloud points’ distribution, but if there are not any special 
requirements we recommend to select bigger detection range 
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙. 

V. CONCLUSION 
In this paper we presented a method for the fine plane 

range estimation from a point cloud. The plane range width 
depends on the input data quality. The point’s histogram is 
usually noisy. We recommend its filtration before the 
following processing. As the practical results show, if we set 
the priory plane range assumption to bigger value the 
proposed algorithm correctly detects fine plane range. The two 
stage processing ensure the best elbow position estimation. 
The presented elbow estimation approach can be applicable to 
different data for its position estimation, which makes it for 
the general use. In the future research we will focus to 
overcome occurrence of local minima. 
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