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1  The Big Idea

The goal of this project is to design and construct a 3D scanner, which 
will be able to create a 3D model of whatever small object is placed 
on the scanner’s turntable. The scanner itself will create a point cloud, 
which is a collection of points with x, y, and z coordinates, while a dif-
ferent software, MeshLab, will convert this point cloud into a usable 
3D model. The code for operating the scanner is written in Python, 
and open source code will be used, with small modifications in order 
to adapt it to this particular project. Differences in lasers and dimen-
sions of the hardware will require minor adaptations to the software. 
The initial idea was found in a Make Magazine [1] issue, and then I dis-
covered several other resources to help refine the concept. This project 
should provide opportunities to develop an understanding of Python 
as well as Arduino code. It also will require some work with electron-
ics, as all of the components need to be wired together.

2  Introduction

This project is interesting to explore because it has a variety of practi-
cal applications and uses a number of interesting algorithms to convert 
several 3D points into a full 3D model. 3D scanning continues to be-
come more and more useful in our modern world, assisting us in areas 
ranging from medicine to entertainment. [1]

3D scanning is used more and more frequently in the entertainment 
industry. It is used to bring real-world objects into games, as it is much 
more efficient to scan an object than to model it from scratch. Also, 
artists might sculpt physical models of whatever is desired within a 
movie or game and then scan it in, which could save a huge amount of 
time for people in this field. [1]

This paper was written for Dr. James Dann’s Applied Science 
Research class in the spring of 2011.



 

Figure 1: Original model of gargoyle, next to replica, computer showing 3D model [2]

A major use of 3D scanning is in recording historical sites and arti-
facts. 3D scanning, combined with 3D printing, allows for replicas 
to be recorded quickly, without the time-consuming and potentially 
harmful process of plaster casting. For example, if an ancient statue, 
like the gargoyle in Fig. 1, must be replicated without damaging it, 3D 
scanning is the fast and effective way to do this. Larger projects may 
be done like this as well. For example, the Kasubi Tombs, a network of 
tombs in Uganda, was scanned, and then the original burned down a 
year later. The reconstruction effort will be made possible thanks to the 
model that was previously recorded. [1]
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Another use of 3D scanning is in medicine. A major use in this field is 
to create prosthetics and dental implants. Again, it eliminates the need 
for plaster casts, and also can leave a digital model of whatever was 
needed for future use or reference. [1]

3  CAD Drawings

(all dimensions in mm)

Figure 2: Top view of scanner 
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Figure 3: Front view of scanner

Figure 4: Angled view of scanner
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4  Physical Setup

Figure 5: Scanner in action. Object in focus is miniature army figurine. The two 
lasers can be seen; the left laser is active. The camera is seen in the center of the 
back of the base. 

As seen in Fig. 5, all of the relevant parts were mounted on a plywood 
base. For this particular version, a wooden backboard was used to re-
duce interference. The camera is clamped to the board, and a small set 
of LEDs is also attached to the camera support. All electronics were set 
up underneath or behind the base, leaving the actual scanning area clear.
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Figure 6: The housing for the stepper motor. It is firmly locked in place underneath 
the turntable. The shaft coupling that connects the motor shaft to the turntable can 
be seen.

In Fig. 6, the housing for the stepper motor can be seen. The motor’s 
shaft is connected to a bolt, which is connected to the turntable by 
clamping it between nuts and washers. The motor was placed between 
the wooden supports before permanently gluing the wood pieces to-
gether, and brackets are used to fasten the wood to the underside of the 
scanner base. This particular component is very solid, as any variation 
of the motor’s position would have a negative effect on the scan quality.

5  Theory

5.1  Turntable Mechanics

The turntable will use a 1.8˚ stepper motor with 0.043 Nm of holding 
torque. [3]
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torque = moment of inertia * angular acceleration
torque = 0.5 * mass * radius^2 * (acceleration / radius)

Given a sample object of radius 10 cm, the maximum force can reach 
up to 0.86 N.

0.043 = .5(mass)(.01m^2) * (acceleration / .1m)
0.86 N = mass * acceleration = force

This much force should support the weight of the turntable, and  
almost all objects that I am considering using.

The stepper motor has two coils that can be powered in opposite  
directions. In order for a complete step to be made, the coils must be 
powered in a particular order of different directions. Once the four 
phases have been completed, a full step has been made, and the cycle 
then repeats if desired.

5.2  Turntable Code

The code takes advantage of the H-bridge in the motor shield, and 
sends alternating signals to the motor, based on its current direction. It 
energizes each coil in the order and direction as shown by the motor’s 
data sheet, as found in Appendix C. The actual code is shown in Ap-
pendix B. It changes the direction of the output to each electromagnet 
in the motor based on its direction, as indicated by DIRA or DIRB.

5.3  Laser Mechanics

A simple circuit (Fig. 7) was designed in order to power the lasers on 
command using the microcontroller. Each laser turns on or off when 
the microcontroller outputs a particular voltage through a designated 
output pin. A tip120 NPN transistor was used. The circuit was eventu-
ally condensed onto a proto board.
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Figure 7: Laser circuit [4]

5.4  Scanner Code

All of the code was taken from Matthijs van Henten’s page on GitHub 
[5] and modified for this particular project. The code used for the scan-
ning coordinates rotation of the turntable with the camera recording in 
order to first generate a series of images. After recording this series of 
images as the object on the turntable rotates 360˚, code is implemented 
to create a 3D point cloud. A point cloud is a collection of points, in 
this case each having an x, y, and z coordinate. The code for the scan-
ner ends here and outputs a .wrl file, which simply contains the point 
cloud. From here, the file is moved into a program such as Meshlab, 
which is able to take in a large point cloud, and, by using various algo-
rithms that create small regions to connect each point, a 3D model is 
created. From here, it can be viewed in almost any 3D program, and 
even printed with a 3D printer, as is the intention for this project. 

The method for recording the images is relatively simple: as the turn-
table rotates the object, the webcam records a series of images. The 
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next step, determining a series of points from each image, requires a 
bit more thought. For each image, the y-coordinate is known, as this 
is the given starting point for each point to be determined. The center 
of rotation, or COR, is also known, as it is a part of the initial setup. 
The x-position of the laser line is determined by finding the column 
with the most intense measure of red light for each row. The distance 
between the COR and the laser line gives the x-coordinate for each y-
coordinate, as shown in Fig. 8. This is an effective way to do it, because 
even if the laser angle is slightly inaccurate, it will cause an anamorphic 
transformation of the x-coordinates, which can be easily adjusted for 
later on. If the angle is slightly inaccurate, it will be offset by the same 
amount in each recorded image, which can be easily adjusted by the 
aforementioned anamorphic transformation of the x-coordinates.

 

Figure 8: Object shown, with center of rotation shown by y-axis, laser line along 
skull, x-coordinate as difference between y-axis and laser lines. [5]
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Once the x- and y-coordinates have been determined, the z-coordi-
nates have to be added. First, a “cage” is created by rotating the 2D line 
data around the y-axis. This gives new points, as shown by the follow-
ing equations: [6]

y = y
x = z(sin(r)) + x(cos(r))
z = z(cos(r)) - x(sin(r))
Where r = angle of rotation around y-axis = 
(360 / number of images) * image number
These are basic formulas for 3D rotation around the y-axis.

However, the scanner always starts with a 2D image, where z is always 
0, so the equations can be simplified to:

y = y
x = x(cos(r))
z = -x(sin(r))

Figure 9: Rotation on y-axis
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The y-coordinate will be kept, as it is the point that the others are based 
off of (the rotation is around the y-axis). The x-coordinate that was 
previously recorded is equal to x(cos(r)), as it takes the original x-po-
sition, and rotates according to Fig. 9. It can be clearly seen how the 
x-coordinate becomes x(cos(r)). Because the z-coordinate will always 
start at 0, all we care about is the new position that the x-coordinate 
has moved to. Again, it is clear that the z-coordinate is -x(sin(r)), which 
can be easily derived from Fig. 9.

Once all of the points have been made to form the point cloud, they 
still must be made into a usable 3D model. The first process that takes 
place is the generation of the mesh. Although there are many ways to 
do this, the general idea is to create a region with every single point, 
such that the regions are all connected with exactly one point-per-re-
gion. Once a mesh has been generated, many things can still be fixed. 
One issue is occlusion; it is common that part of the object will be lost, 
frequently because the laser is blocked by other parts of the object. 
This can be fixed by simple smoothing if there is a small region miss-
ing, or by being solved as 3D equations for the larger holes. Distor-
tion is also another issue, which is easily fixed. Usually it affects the 
entire model, so uniform transformations of the points can solve this 
problem. Smoothing is used for the entire model, so that it is not full 
of very small jagged points all over. Smoothing reduces differences be-
tween points, with nearby points making big differences, and points 
with increasing distance from the point being examined making less 
of a difference. This is done to all points in the point cloud. All of these 
correction techniques are built into the MeshLab software and can be 
easily implemented.

6  Results 

The result of the cleanest scan of the few done so far can be seen below 
in Fig. 10. The scan was unable to clearly detect the center of the wheel 
due to the viewing angle of the camera, and therefore looks a little 
rough. However, it definitely detected the shape of the scanned object, 
and the final output looks fairly recognizable. This scan was created by 
importing the 3D point cloud into Meshlab, and then using the Pois-
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son Surface Reconstruction tool. This created a rough mesh. After this, 
the faces with areas over a given threshold were eliminated, and past 
that the remaining rough spots were cleaned by hand using particular 
selection tools. The wheel is clearly not watertight as of yet, but further 
investigation of the Meshlab software will make this possible.

 

Figure 10: Rough wireframe of skateboard wheel

7  The Next Step / Conclusion

Initial scans have been completed, and now the real issue is the scan 
quality. The adjustable camera mount has not been completed and 
currently is simply carefully clamped to the end of the base. The am-
bient lighting might also be an issue. The turntable and the area im-
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mediately behind the turntable have been painted a flat black, which 
is intended to minimize reflections from the turntable and reduce in-
terference from the backboard. However, controlling for all the light 
might be beneficial, so operating in a darkened room while only using 
my own light sources would probably help. Further investigation into 
the Meshlab software would also help in order to create cleaner results 
from what has already been scanned.

The project succeeded overall in that it was able to make a recogniz-
able model of a scanned object, and has potential for greater degrees of 
accuracy and higher resolution with the further work as listed above.

8  Appendices

8.1  Appendix A: Part List

Part Description What Needed For Cost Where to Buy
2 Laser Line 
Generators

outline contours ~$240 laserglow.com

webcam main sensor $50 logitech.com
Arduino board motor controller $30 sparkfun.com
Arduino motor 
shield

motor controller $30 sparkfun.com

stepper motor turns turntable $30 farnell.com
6 white leds illuminate object $2 hardware store
3/4” plywood base free basement of 

Menlo
various bolts 
and nuts

holding base <$10 hardware store

shaft coupling motor housing $10 hardware store
turntable turntable $6 plastic/

hardware store
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8.2  Appendix B: Arduino Code

#define PWMA 3
#define PWMB 11
#define DIRA 12
#define DIRB 13

int LR=14;     //laser right
int LL=15;     //laser left
int cont=0;
int i = 0;     //counter

int cmd=0;
byte state=0;

void setup() {
  Serial.begin(9600);           
// set up Serial library at 9600 bps
  pinMode(LR,OUTPUT); 
  pinMode(LL,OUTPUT); 
  
  pinMode(PWMA, OUTPUT);
  pinMode(PWMB, OUTPUT);
  pinMode(DIRA, OUTPUT);
  pinMode(DIRB, OUTPUT);
  
  analogWrite(PWMA, 255);
  analogWrite(PWMB, 255);
}

void loop()
{
  cmd = int(Serial.read()) - 48;    
//cmd comes from computer
  
  if(Serial.available()<1)
  {
   
   Serial.println(cmd);
 
   switch(cmd){

     //do a lap
     case 0:
       for(int i = 0; i < 800; i++)
       {
         step();
       }
       break;
       
     //do step
     case 1: 
       step();
       break;
     

     //laser L ON
     case 2:
       digitalWrite(LL,HIGH);
       break;
          
     //laser L OFF
     case 3: 
       digitalWrite(LL,LOW);
       break;
       
     //laser R ON
     case 4: 
       digitalWrite(LR,HIGH);
       break;
       
      //laser R OFF
     case 5: 
       digitalWrite(LR,LOW);
       break;
   }
  }
}

//uses i to regulate step frequency
void step()
{
 if(i == 0)
 {
   digitalWrite(DIRA, 1);
 }
 
 else if(i == 2)
 {
   digitalWrite(DIRB, 1);
 }
 
 else if(i == 4)
 {
   digitalWrite(DIRA, 0);
 }
 
 else if(i == 6)
 {
   digitalWrite(DIRB, 0);
   i = -2;
 } 

 i++;
 if(i%2==0) delay(100);
}
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8.3  Appendix C: Motor Data Sheet 
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