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ABSTRACT  

The quality of the 3D model scanning results are determined based on the percentage of similarity in both 

geometry and dimensions of the model to the real product, as well as models surface smoothness. The 3D models of 

scanning results are strongly influenced by the methods and devices which are used in the scanning process. Triangulation 

method is used in this study to determine whether the camera of a mobile phone can replace the web camera which is used 

as input devices in a 3D laser scanner. Next, it will be seen whether the quality of the scanning can meet the specified 

accuracy requirements, Three types of mobile phone cameras with the same specifications will be tested and seen their 

validity. Every smartphones have a surface refinement optimal level  and a good DSP (Dimension Deviation Percentage) 

of  3D Models in the scanning distance (z) is ± 250 (mm). In This position the ratio percentage of 3D model has the closest 

geometry to the original product. 
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INTRODUCTION 

Features of various smartphones are now 

commonly used to take pictures or video, it raises the 

question whether smartphone can also be used as a data 

input device in the reverse engineering process. It is the 

reason why smartphones are used in this experiment. The 

smartphones will be used to replace the webcam’s 
function as an input device of 3D laser scanner that has 

been made by the students. The webcam was broken, so 

the new device must be bought to replace it. Another 

weakness of this 3D laser scanner is the accuracy of 3D 

model of scanning result is not satisfying [1, 2, 3]. The 

progress in smartphone’s technology development often 
faster than webcam’s technology development, so that the 

best results of the scanning process can be achieved 

without spending budget to buy on a new webcam. The 3D 

model information from structured light is based on the 

principle of triangulation. Figure-1 shows a typical system 

configuration. The Op and Oc  are the exit and the 

entrance pupils of a laser source and of a camera. Their 

mutual distance is the baseline d. According to d 

between the laser source and camera and the two angles of 

the triangle is known [4].  The optical axes Zp and Zc of 

the laser and the camera form an angle of γ degrees.The 

magnitude of the (γ) angle affects the resolution depth. If 
the magnitude of (γ) increases, then the depth of resolution 

increases [4, 6]. 

 

 
 

Figure-1. The triangulation method [4, 5]. 

 

MATERIAL AND METHODS 

The scanning process in this experiment use 

triangulation method for collecting data from a model. 

Usually for the data input model of this method needs 

three kinds of devices. The tools are a rotary Table, a 

camera and a laser line. Three kinds of smartphone front 

cameras which are Sq, Ip, and Zx will be tested and used 

as a camera for data input to capture data of the model. All 

of cameras will be set in 480p before used for 
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experiments. The aim of this set up is to ajust with the 

webcam camera specification, so the comparison process 

will run in a fair assessment. This condition is also to 

know the quality of 3D model which is scanned with the 

lowest level setting up of camera. 

 

Triangulation Setup   

A plastic bottle will be scanned as a model. Then 

all devices which will be used in the scanning process is 

set up in triangulation position as seen in Figure-2, after 

that 3D laser scanner is ready for capturing data from the 

models. 

In this experiment, each smartphones is used for 

scanning the model every five times in one condition  of  

Z.  There are three conditions of Z which are chosen in 

this experiment, those are Z = 200 mm, Z= 250 mm and Z 

= 300 mm, with the same triangulation angle () which is 

30
o
. After scanning process, the data result of the 

dimension of 3D models measurement will be processed 

to find their dimension deviation percentage (DSP), 

standard deviation (S) and uncertainty (Ua). Then it will 

be known which one of the smartphone camera can be 

used to replace the webcam. 

 

 
 

Figure-2. The triangulation set up position of 3D laser scanner [7]. 

 

The Experiment Flowchart Diagram 

The steps of scanning process in this experiment 

are in the flow chart diagram as seen in Figure-3. Some 

softwares are needed in this experiment, there are ACDC 

See Pro, Raster to Vector, Excel, NotePad, CATIA V5. A 

program has  also generated  for calculating  x’,y’ and y’ 
axis. These axis will be  generated in image plan of the 

camera lens. In the scanning process, the central projection 

image build system  intersect with the starting point of the 

coordinate system of the 3D; x, y and z. The horizontal 

position is represented by x, y and the vertical position by 

the distance from the camera to an object point by z. 

Projection line that touches this point and focal point of 

the projection, while the distance from the camera to a 

point expressed by z which is parallel to the z axis. In the 

optical system in a real camera, the image of the 

establishment is behind the center of the projection at a 

distance f (focal length). 
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Figure-3. Flowchart diagram of the experiment. 

 

The softwares are generally used for capturing 

data, converting data, calculating, and displaying 3D 

model. A Digitized Shape Editor module in CATIA V5 in 

this experiment is  used to generate 3D model from point 

cloud of data model that has been captured. After 3D 

model generates, the dimensions of 3D model will be 

measured to know its acurracy.  

There are three parts of bottle model dimension that will 

be measured, those are body (X), height  (Y) and neck 

(X2) of the bottle. All of them are describing the 

geometrical proportion of the resulting model. Before it 

start, the bottle specimen is measured to find its real 

dimensions. Then the real bottle dimensions in Table-1 

will be used as reference dimensions in this experiment. 

 

Table-1. Real dimensions part of bottle specimen. 
 

Part of Bottle 

Dimensions 

(mm) 

Dimension of specimen (mm) 
Average �(mm) 

Variance 

(S
2
) 

Standard 

Deviation 

(S) 

Uncertainty 

Ua (mm) P1 P2 P3 P4 P5 

Body Dia.(X1) 47 47 47 47.1 47 47.02 0.004 0.04 0.02 

Neck Dia, (X2) 27 27.1 27 27 27 27.02 0.004 0.04 0.02 

Height (Y) 98 98.1 98.1 98 98.1 98,04 0.003 0.06 0.03 

 

 According to calculation in Table-1, the 

dimensions of original bottle are: 

 

 Body   (X1)  = 47 + 0.04 mm 

 Neck   (X2)  = 27 + 0.04 mm 

 Height (Y)    = 98+ 0.06 mm 

 

RESULTS AND DISCUSSIONS 

The  experiment with an Ip smartphone’s camera 
produce a 3D model with surface smoothness  relatively 

good, which can be seen at Figure-4. The scanning process 

of distance Z = 200 mm, produces 3D model with 

diameter body and neck of bottle larger than the others. 

The scanning process of distance Z =250 mm, produces 

the best of point cloud’s contour so that why 3D  model 
most similar to the original bottle specimen geometric. 

The 3D model result from scanning process of distance Z 

= 300 (mm)  has less good point cloud’s contour than the 

others. This condition give more wrinkles effect at the 

neck area of bottle and in this  area the surface is  not 

smooth enough. 

 

 
Z  = 200 mm            Z = 250 mm          Z = 300 mm 

 

Figure-4. The 3D model from Ip smartphone 

scanning process. 
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The result of 3D model which are scanned by Ip 

smartphone cameras not proportional in geometrical 

aspects. For scanning distance are Z = 200 mm, the 

dimensions of X1, X2 and Y are not proportional to the 

dimensions of the original model. The DSP value of Y 

from 3D model which has scanning distance  Z =200 mm 

is 5,71%, it means the accuracy of 3D model result from 

scanning process for bottle height is good enough (less 

than 10%). However the values of the DSP (Dimension 

Deviation Percentage) for X1 and X2  from 3D model are  

more than 40 %, not proportional to Y dimension. The 

detail of data results of 3D model deviation dimension can 

be seen in Table-2. 

 

Table-2. The data results of 3D model deviation dimension from Ip smartphone scanning process. 
 

Z (mm) Ip 

Smartphone 

Specimen 

Dimension  (mm) 

Ave. Dev. 

X (mm) 

Dev. of  

Dim. DSP 

% 

Variance 

(S
2
) 

Standard 

Deviation (S) 

Uncertainty Ua 

(mm) 

X1(200) 47 19.22 40.86 9.09 3.01 4.06 

X2(200) 27 16.38 60.58 2.03 1.42 0.91 

Y(200) 98 5.6 5.71 15.14 3.89 6.77 

X1(250) 47 0.9 1.91 2.81 1.68 1.26 

X2(250) 27 5.6 20.71 5.19 2.28 2.32 

Y(250) 98 11.68 11.91 7.55 2.75 3.38 

X1(300) 47 6.02 12.80 9.15 3.03 4.09 

X2(300) 27 1.04 3.85 24.88 4.99 11.13 

Y(300) 98 15.8 16.11 4.19 2.05 1.87 

 

The second experiment uses the Sg smartphone camera 

as an input device. This experiment produces 3D models 

with proportional geometric models better than the 

previous experiment results. Although the 3D models have 

less points, they have good  countours of point cloud so 

that their surface is better than the surface of 3D models of 

scanning process result which are used by the Ip 

smartphone camera. The 3D models which are resulted by 

the Ip smartphone camera  as an input device can be seen 

in Figure-5. 

 

 

 

 

 
         Z  = 200 mm               Z = 250 mm              Z = 300 mm 

 

Figure-5. The 3D model from Sg smartphone 

scanning process. 

 

In this experiment, the geometry of 3D models 

which are resulted by  input data from Sg smartphone 

camera are the best 3D models in proportion and 

geometric aspects. The DSP of X1 and X2 values are 

relatively low. Although the DSP of Y values are under 

40%, they still not good enough for generating the 

accurate models. The scanning process at Z =250 mm  

produce the  lowest DSP values of X1, X2 and Y and the 

best proportion of 3D geometric model. 
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Table-3. The data results of 3D model deviation dimension from Sg smartphone scanning process. 
 

Z (mm) 

Sg Smartphone 

Specimen 

Dimension  (mm) 

Ave. Dev. 

X  (mm) 

Dev. of  Dim. 

DSP % 

Variance 

(S
2
) 

Standard 

Deviation (S) 

Uncertainty 

Ua (mm) 

X1(200) 47 4.22 8.97 5.80 2.41 2.59 

X2(200) 27 3.88 14.35 4.93 2.22 2.20 

Y(200) 98 38.56 39.31 45.90 6.77 20.53 

X1(250) 47 4.78 10.16 0.30 0.54 0.13 

X2(250) 27 1.04 3.85 2.03 1.43 0.91 

Y(250) 98 0.52 0.53 35.40 5.95 15.83 

X1(300) 47 2.12 4.51 0.22 0.47 0.10 

X2(300) 27 5.16 19.08 6.22 2.49 2.78 

Y(300) 98 38.94 39.69 29.72 5.45 13.29 

 

 Figure-6 show 3D models result from the scanning 

process using Zx smartphone camera. Visually, they can 

be seen that  the geometry of 3D models result are the 

worse of all experiments result model. The 3D geometric 

models are not proportional, mostly shorter then original 

bottle’s height. Even the 3D model result of scanning 
process in Z=200 mm,   doesn’t have a perfect bottle neck 
geometry. 

 

 

 

 

 

 

 

 

 

 
Z  = 200 mm                     Z = 250 mm                   Z = 300 mm 

 

Figure-6. The 3D model from Zx smartphone scanning 

process. 

 

The DSP of 3D model which captured by Zx 

camera have range values from 0.39 % untill 33. 21 %, it 

means 3D model result of the third experiment have good 

proportional geometry. However this value does not 

guarantee  the achievement of smoothness level of model 

surface. Even the 3D model result of scanning process in 

Z=200 mm  doesn’t have a perfect bottle neck geometry. 
In appropriate angle of the reflection laser light can be a 

cause of the model surface  doesn’t have good 
smoothness. 
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Table-4. The data results of 3D model deviation dimension from Zx smartphone scanning process. 
 

Z(mm) 

Zx Smartphone 

Specimen 

Dimension  (mm) 

Average 

X (mm) 

Dev. of  Dim. 

DSP % 

Variance 

(S
2
) 

Standard 

Deviation (S) 

Uncertainty 

Ua (mm) 

X1(200) 47 1,64 3,49 0.37 0.61 0.16 

X2(200) 27 14,72 15,01 6.13 2.48 2.74 

Y(200) 98 4,18 15,46 189.59 13.77 84.79 

X1(250) 47 3,64 7,74 13.39 3.66 5.99 

X2(250) 27 18,7 19,06 44.23 6.65 19.78 

Y(250) 98 9,02 33,36 167.15 12.93 74.75 

X1(300) 47 4,32 9,18 0.09 0.30 0.04 

X2(300) 27 10,38 10,58 1.70 1.30 0.76 

Y(300) 98 6,78 25,07 148.49 12.19 66.41 

 

According to Figure-7, it can be seen that 

the thickness of laser light line which is captured 

during the scanning process give a big effect to the quality 

of 3D models result. Laser lines are captured by Ip or Zx 

smartphone camera are thicker, less focus and has 

refracted. This condition causes the Ip or Zx cameras 

capture more points than Sg camera. Each point has 

varying depth. Variation of point depth will reflect the 

variation of laser light so that the 3D model surface is 

being wrinkled and coarse. This case also make the 3D 

model  disproportional like suppose to be. 

 

 
                            Ip                                           Sg                             Zx 
 

Figure-7. The thickness line of laser light. 

 

Beside the line thickness of laser light, the 

dimension accuracy and geometric proportional of 3D 

model depend on the accuracy of position of X’,Y’,Z’ 
axis, in the image plane. If position the X’,Y’, Z’axis right, 
the geometry of a 3D model is generated proportional and 

its dimension is accurate.  

Commonly for commercial 3D laser scanner 

device, the tolerance for 3D model which is built by its + 

0.5 mm. The 3D scanner that has been made by students, 

still produce a 3D model with high DSP value. The 3D 

models result of the experiment have a deviation of 

dimension percentage  are 3.85 % - 60.58 %  captured by 

Ip smartphone camera; 0.53% - 39.69%  captured by Sg 

smartphone camera; and 3.49% - 33.36%  capture by 

Zx smartphone camera. The smoothest and best proportion  

of 3D model which  is generated in this experiment, from 

the data is captured by a Sg smartphone camera in Z = 250 

mm. Generally, the high DSP values   are belong to the Y 

value. It means the height of 3D models higher or lower 

than the height of original dimension specimen. The 

reason of this condition is the  X’,Y, Z’axis not in the right 

position. However the tool still doesn’t function perfectly 

and need improvement, especially in the movement of 

rotary table, the program to set up X’,Y’, dan Z’ right 
position and jig for handling the devices in the right 

position when the triangulation scanning method runs. 

 

CONCLUSIONS  

This experiment has been proven the smartphone 

camera is good enough to replace the webcam function in 
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3D laser scanning process. The values range of deviation 

of dimension percentage (DSP) are from 0.53 %  to 60. 58 

%. Nevertheless, not always the 3D models has lowest 

DSP value has the best geometric proportion and accurate 

dimension. Many aspects must be concerned to get the 

best 3D model which is generated. 
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