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Introduction 

Project  

On the UV UN56, it is asked the second half of the semester to do a project related to what is taught 

the first part of the semester. We then formed a 3 person group to realize this project. 

The global goal 

Nowadays, the AGV achieve automatic station alignment is a popular issue. With the help of the lidar, 

the AGV can successfully detect the environment in several sets of points around it. But it’s a great 

challenge for the AGV to process the data so as to identify and understand its surroundings.  

So, in the UN56 project, the objective is to find a solution to make the AGV be able to not only perceive 

the environment, but also distinguish and identify the different objects in the environment. 

This project is divided in 3 groups. First of all, group 1 need to segment the point cloud detected by 

choosing a best-performance clustering algorithm. Then, group 2 should find a suitable method to 

recognize the clustering provided by group 1. And finally, group 3 will make the visualization of the 

two first groups’ solution on Unity. 

The task 2.2 

The project assigned to this group is the second one. As mentioned in the previous part, our task is to 

find a suitable method to process the data obtained by the group 1. We need to use the existing 

knowledge in the database to compare with the clustering and to calculate the similarity between 

them. In this way, the teacher proposes us the method “template matching”.  

Since our project is a study for AGV, the template for us is the data of the characteristics of the object 

appeared in the station. We will use it to match the similar object in our environment in order to realize 

the function ’discrimination ‘. 

Finally, we will also verify the object in order to prove that our programme is correct. 
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What is Lidar and template matching 

Lidar is a method for measuring distances (ranging) by illuminating the target with laser light and 

measuring the reflection with a sensor. Differences in laser return times and wavelengths can then be 

used to make digital 3D representations of the target. It has terrestrial, air borne, and mobile 

applications. 

 

Figure 1: A lidar 

 

Figure 2: representation of a lidar environment 

Template matching is a technique in digital image processing for finding small parts of an image which 

match a template image/model. 

Combining lidar point cloud with template matching, a robot can recognize the surrounding objects, 

avoid the obstacle and find out its station. 

 

Figure 3: Moving robot with lidar 

https://en.wikipedia.org/wiki/Ranging
https://en.wikipedia.org/wiki/Laser
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Project resources 

In this project, we received as a starting point a database compressed in an archive called ‘2.Project 2-

data.zip’.There are, inside this archive, 2 folders, label and lidar. 

 

Figure 4: The database 

The text files 

In folder label, there are 21 ‘.txt’ files. All the text files are organised the same way. Each of those 21 

text files is composed of values (numerical or strings). All of them represent object detection data 

(cluster) in KITTI label format. With the help of this website: 

https://github.com/NVIDIA/DIGITS/blob/v4.0.0-rc.3/digits/extensions/data/objectDetection/README.md 

From this website, we figured out those information: 

All the text file contains a certain number of lines and each of those lines refers to a specific cluster 

and to all its description. The cluster description is composed of 16 types of value 

• 1 --- The type of cluster. 

• 2 --- The extent of truncated. 

• 3 --- The occlusion state. 

• 4 --- The observation angle of object. 

• 5~8 --- The 2D bounding box of object. 

• 9~11 --- The 3D object dimensions (height, width, length). 

• 12~14 --- The 3D object location in camera coordinates (X, Y, Z). 

• 15 --- The rotation ry around Y-axis in camera coordinates. 

• 16 --- The score which represent the confidence in detection. 

For our project, the values 2 to 8 and 16 will not be used since our task is to find the cluster’s type 

thanks to values 9 to 15. 

 

Figure 5: Text file number 5 

The lines starting with the type “don't care” won’t be analysed during this project, we will pretend that 

there are not here. 

https://github.com/NVIDIA/DIGITS/blob/v4.0.0-rc.3/digits/extensions/data/objectDetection/README.md
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Since all the programming will be done on Matlab, we have to convert the category “type” of each 

lines on all the text file, otherwise the program will not execute. Thus, the type has to be converted 

from a string to a number using the lidar standard number assignment as shown below ： 

 

Figure 6: Standard number assignment of the different types 

The Excel files 

In the ‘lidar’ file, there are 21 ‘.csv’ files which represent 21 different lidar point clouds. All the 

documents are organised the same, there is a big number of lines and all those lines are composed of 

5 numbers: 

• The number of the line. 
• The X positions. 
• The Y positions. 
• The Z positions. 
• The score of the numbers. 

The number 2 to 5 are representing the cartesian position to a point. And this point comes from the 

lidar laser. All the lines then represent all the point that the lidar had detected. 

For our project; the 5th column, the score number, won’t be used because too abstract.  

 

Figure 7: Example of a Excel document 
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Our method to solve the problem 

After that all the data have been understood, we started to work on our project which is realizing a 

matching template to be able to determine the type of each cluster from the label’s text files. 

For the whole project, to work on the data and create the template matching, we have been using the 

software Matlab. 

Visualization 

Before to do any matching template, we had to visualize all the data we just received. Having only the 

numbers wasn’t clear and at this point we were not able to know what we were talking about, since 

we only have number resources. 

For the visualisation and even for the template matching, we decided we would only work on one 

document at the time So at the beginning of our code, we choose the name of a document and then 

we use this name to open the excel and text files corresponding. 

 

The data’s scene 

In our first step, we have visualized the scene that the lidar had pictured. To reach that goal, we decided 

to extract all the lines and all the numbers of the excel file. To do so, we used the function ‘dlmread’ 

which can read a excel file and compile all the number contained in a matrix.  

Afterwards, we get a matrix with all the value. The matrix has X lines and 5 columns, so the order is 

kept. Once all the document has been read, the function ‘scatter3’ is called. The function is calling 3 

numbers (the X, Y and Z positions) and plot a dot at the position in the 3D word. To plot all the points, 

instead of importing one point, we imported all the data of each position in it. And the function returns 

us the plot of all the points which is the scene taken in picture by the lidar.  

 

Figure 8: A lidar scene obtained on Matlab 
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The clusters’ position 

The second part of the visualization is to plot the box of each clusters of the document. The box is what 

we can call it “hit box”, the area inside which the cluster is positioned. Then if we manage to plot the 

clusters’ box, it will be simple to know where the cluster is located, since all the point of it would be 

inside the box. 

Convert the value  

To be able to plot the box, the necessary values are the cluster’s location (X, Y and Z) and its’ dimension 

(Height, width, length). All those values are inside the text file. So, the first step is to extract the value 

of the text file. To do so, we use again the function ‘dlmread’. With this, all the value of each cluster is 

located in the same matrix.  

Before to do anything with them, however, they have to be converted though. Indeed, the orientation 

and the position of the lidar and camera’s frame are not the same, as you can see on the picture below.  

 

Figure 9: Cameras' position on the KITTY's car 

To be able to exploit the value and then plot the box, the value of each location has to be converted 

first. Those value are putted in a matrix that we multiply by the transformation matrix, as learned in 

the UV MC55. 

 

Figure 10: Transformation matrix 
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After the multiplication, the correct location of the cluster is obtained. 

 

Figure 11: Finding the correct locations and dimensions 

Plot the clusters’ box 

Thanks to the last operation, the real location and the dimension of the cluster are known and 

exploitable. What we figure out is that the location given with the XYZ values represents the middle of 

the down face of the box. 

 

Figure 12: Representation of a point's dimension 
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From what we know, we have been able to find the position of the 4 corners of the down face of the 

box. 

 

Figure 13: Representation of the 4 corners of the down face's box 

With all the value we have, we calculated the position of the Point A to D and from those points, which 

are able to determine the 4 corners of the down face of the box, corresponding the point E to H. 

 

Figure 14: Code of the 4 corners X and Y positions finding 

At that point, we have everything required to plot the box of the cluster. Thus, we use the function 

‘plot3’ to plot the lines between the corners. the function ‘plot3’ requires a list of XYZ positions and it 

will draw a line between positions.  
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Figure 15: Code of the draw of each box' lines 

To draw the box, we will draw the lines of the down face with the positions calculated added to the 

locations. Afterwards, the same operation will be done for the top lines, only the height is changed, 

compare to the first plot3. And finally, the 4 vertical lines will be drawn with the For loop. 

 

Figure 16: Example of a pedestrian box 

With all that code, we are now able to draw one cluster. Since the documents often contains more 

than one cluster, we created a for loop in the main program which will call the program as much time 

as there are clusters on the document. 

With this code done, we have been able to visualize all the clusters of each document. 

 

Figure 17: Result of the visualization 
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Template matching 

With the previous part done, we are now able to clear see and identify by seeing them what is the kind 

of the cluster. It is now way more understandable what is going on with all those data we got at the 

beginning of the project. 

In this part, the goal is to characterize all the types of cluster, compare the clusters from the text file 

to our characteristics, deduce what are their type and verify if our deduction is good or not. 

Even if the previous part, the visualization, won’t help us to do the template matching, it will however 

help us to verify our results. 

The characteristics 

To realize template matching, we chose the dimension of object as the judging characteristic. We 

decided to look for the most common moving thing that a lidar could take in picture, which are: 

• Car 
• Van 

• Truck 

• Bus 
• Pick up 

• Special vehicle 

• Person 

• Cyclist 
• Tram 

For each of those type of object, we search their typical dimensions on internet (such as the 

manufacturer’s manual or national standard), and we put them into a table.  

 

Figure 18: Example of document which helped us finding the characteristics 
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The dimensions needed are the height, the width and the length. for 3 of them, we take the minimum 

value and the maximum value. For each of those type we associated the standard number that the 

lidar community assigned to them. 

 

Figure 19: Table of characteristics 

The program 

Now that all the cluster’s types are characterized, we can move to the template matching part. The 

goal of this section is to identify the type of the cluster. With this program we would be able to know, 

with only the dimension of the cluster, what kind of cluster it is, with a degree of accuracy. 

The comparison 

To be able to know what is the type of each cluster, they will be compared to characteristics that we 

defined before. 

Thus, the first step is to read and keep in memory all of those characteristics. Since they are all ordered 

in a excel file, we use the xlsread’ to extract all the numbers of our excel document.  

Afterwards, all the value is stored in a matrix and with it, we will compare them to each dimension of 

the cluster. It will go like this: 

• Is the height of the cluster lower than the minimal height of the first type? 

o Yes, then take the value “height of the cluster divided by the minimal height of the 
type”. 

o No, then next question. 
• Is the height of the cluster higher than the maximal height of this first type? 

o Yes, then take the value “Minimal height of the type divided by the height of the 
cluster”. 

o No, the height is between the minimal and maximal height of this type so the value is 
equal to one. 

We repeat those 2 If statements for the width and the length to all the other types of cluster. After 

asking all those questions, we obtain one value for each dimension of each type of cluster. This value 

represents how far the dimension is to be part of the interval of the type of cluster’s dimension studied. 
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• The value is equal to 1, the dimension is part of the interval. 

• The value is lower than 1, it is not part of the interval. And as low the number is as far the 

dimension is to be part of this type of cluster. 

3 numbers are obtained, to have a total score of the cluster compare to a specific type, we multiple all 

the 3 numbers together. A fourth number is obtained and with it we can know how different is the 

cluster from each type of cluster. We decided that from 0.8 to 1, the result is close enough to be 

considered as the type of cluster in question. If it is lower though, we consider that the differences are 

too big so the cluster cannot be part of the type of cluster researched. 

With this program, it is now possible to know what is the type of the cluster researched and it is equal 

to the type with the highest score obtained. To know the type of all the cluster, the function is called 

in the main in the same For loop as the function show cluster. 

 

Figure 20: For loop in the main code 

If there is a case where more than one type of cluster obtains the highest score, the cluster will be 

assigned to the type with the highest number type (downed in the list of the cluster type). 

The C# conversion 

At this part of the project, the task 2.2 still needed some verification but the main structure and the 

main code were here. Since our project is part of a bigger one, it is important that all the tasks are able 

to be used all in once. To remember, the first task is to identify and find out the cluster in the excel file, 

the one from the lidar. The second task, the one we worked on, was to determine the class of the 

cluster previously found; And the last one, is to make a representation of all the result found by the 

two first groups.  

Since all the result has to be regrouped in once and it as to be used by the last group, it is a good idea 

to convert all the program previously done on the language used by the last group. Since there are 

working on the representation on Unity, the code as to be in the language C#. 

So, the program to find the type of each cluster of a text file as been converted in C#. The code can be 

found in the annexe part, as all the codes previously shown. 
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The verification 

Four important indexes 

In a classical binary matching model, there are 2 type of prediction: positive and negative. A prediction 

can be true and false according to the actual result, and so we got 4 kind of prediction result: ‘True 

positive’, ‘False positive’, ‘True negative’, ‘False negative’. 

The index ‘accuracy’, ‘precision’, ‘recall’ and ‘F1’ are based on them. 

• Accuracy = 
True Positives+True Negative

Total examples
 

• Precision = 
True Positive

True Positive+False Positive
 

• Recall = 
True Positives

True Positive+False Negative
 

• F1 = 2×
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛∗𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛+𝑅𝑒𝑐𝑎𝑙𝑙
 

A good F1 score means that we have low false positives and low false negatives. An F1 score is 

considered perfect when it’s 1. 

How to do verification 

In order to verify the accuracy of our program, we examined these indexes which are widely used in 

mechanic learning.  

In task 2.2, to know whether the program’s result is true or false, we check the result of each files 

manually, and we make a table for this. 

 

Figure 21: Confusion matrix 

To check manually whether a prediction is ‘true’ or ‘false’, we compare the matching result and the 

data in folder ‘label’. If an object is correctly matched, we called it ‘true positive’. Otherwise, if it is 

matched as other types, we called it ‘false positive’. In our program there is no direct prediction 

negative, so in the table there are only true and false. The following table is the result for each type.  



 

16 | P a g e  
 
Chen – Huang – Vuillemin  Template Matching – UN56  P2020 

 

Figure 22: Filled confusion matrix 

With this confusion matrix, we calculated the four indexes: 

 

Figure 23: Result obtain from the confusion matrix 

For most type/class, all the indexes are close or equal to 1, which means our program has a satisfying 

matching accuracy. 

However, our program seems not performing well with van. 
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3.Result 

As seen on the last part, the program is able to define with a high accuracy the type of each cluster of 

the document analyzed. When the program is started, it will write on the windows commander the 

next line: 

“The A cluster is a B with a score of C%” 

Those 3 letters are: 

• A: The number of the cluster. With this, we will be able the total number of clusters and for 

each of them their type. 

• B: The type of the cluster. It has been identified and is return by the program. 

• C: The score of obtained by the cluster. As seen previously, a score is obtained after comparing 

the cluster to every type. The highest score is then shown, it just has to be multiplied by 100 

to have percentage. 

 

Figure 24: The program answer 

With this project and the 2 others finished, it will now be able for the lidar to search and identify the 

clusters in the picture it took. It will be as well able to know from what type is the cluster it previously 

found. And finally, it will be able to show its results with a representation on Unity.  

With those 3 projects done, the AGV has now all the keys in hand to be able to understand the data it 

gets, locate itself according to its surrounding and find the station. Some calibration will be needed but 

the hardest part of the job is done.  
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4.Difficulties 

At the beginning, we met a technical difficulty: the lidar was new things for us. We didn’t know what 

software and how to treat the project resource (label files and lidar files). 

We did spend some time on searching and exploring. Firstly, we tried to find tutorial from various 

forums. Since we had no idea on what is lidar, we didn’t even know what was the key world for 

researching. Fortunately, we finally found out some useful tutorial, for example, from github we 

learned that the label files are in ‘KITTI label format’. With these tutorials we gradually understood the 

project resource. 

We met another difficulty when we tried to visualize and recognize objects in lidar point cloud. With 

the help of Matlab, we succeed visualize the cloud, and we knew the position of an object from label 

files. However, when we created a box to highlight the object, it was impossible to recognize what was 

it. The points seemed to be chaotic. 

To deal with this we contacted professor Yan Zhi. Finally, we found out that there existed a problem 

when converting the coordinate of lidar point cloud. Mr. Yan then corrected the coordinate and sent 

us the files updated. As a result, we succeed the recognition of objects after spending about 2 weeks 

on it. 

The last difficulty that we faced is that programming is not a easy task for the majority of the group. 

Most of us don’t have solid bases on programming and/or are not really familiar with it. It took a lot of 

time and effort for the not programmer persons of the group to catch up with what has been done. 

And in addition, even if the task 2.2 hasn’t been declared as a programming project by the teacher, at 

the end, 80% of the work has been to program the project. This proportion of programming in the 

project is quite big, which means that not programmer persons are quite disadvantage and behind the 

programmer persons. It would maybe be a good idea do explain more what expected in the project 

before we choose it.  
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5. Conclusion 

We did learn a lot from this project. 

Firstly, we started on lidar data treatment. We learned what is lidar, how to visualize lidar point cloud 

and what is KITTI label format. This gives us a global view on this new and popular technique. 

Secondly, our ability of collecting and filtering information is also promoted during the project. As we 

talked about in the part ‘difficulty’, the hardest part of the project may be the start-up as we knew 

nothing about this before. A lot of research were done during a few weeks.  

 
Lidar is now playing a more and more important role in our lives as the car’s auto-driving technique 

(like Tesla’s autopilot) is changing the automobile industry, and Apple puts lidar in their new iPad to 

enhance the function of Augmented Reality. After working on this project, we both have a clearer 

understanding on its potential power, which may help in the future study or work when we meet 

similar situation. 
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Annexes 

Annexe 1: Main program 
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Annexes 2: Point Cloud 
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Annexe 3: Show Cluster 
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Annexe 4: Type of Cluster 
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Annexe 5: C# code 
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