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INTRODUCTION  

 

Objective: Introduction to Simulink and Hardware 

Based Boards 

 Understanding the Environment. 

 Deployment Options 

 Working through Simulink Based Design  

 Raspberry Pi3 Model B as the Designing Platform. 

 

REAL TIME EDGE DETECTION 

 

Objective: Understanding of Images and 

performing simple operations on Images 

 Image Edge Concept and Significance 

 Edge Detection Method 

 Exploring the concept of thresholding  

 Steps for Running the Model 

 Performing Hardware in Loop Simulation and 

Deployment. 

 

REAL TIME COIN COUNTING SYSTEM 

 

Objective: Perform Application specific Image 

Processing Tasks.  

 Objects Detection concept and counting 

 Concept of Image Segmentation and Labelling 

 Importance of Image Morphology and implication 

 Simulation in Hardware in Loop or Stand-Alone 

Fashion. 
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Motivation for Application Note 
As the industry, technology and society make rapid progress, there is a growing need to teach the next 

generation of engineers’ even more complex concepts and build intuition quickly, so that they can apply 

their knowledge to develop the technology of the future. This calls for project-based learning via low-cost, 

easy to use hardware and software platforms, to make it easier and fun to teach, learn and test the 

engineering ideas. The Internet has dramatically changed the way we acquire and consume information. 

We observe this especially with image and video processing. Today, the direct processing of visual signals 

is faster than ever. Digital image processing allows for the use of complex algorithms that can offer more 

sophisticated functionality and implementation. For example, it is commonplace to apply image 

processing for Classification, Feature extraction, Pattern recognition, Projection, Multi-scale signal 

analysis. Some techniques which are used in digital image processing include: Pixelization, Linear filtering, 

Principal components analysis, Independent component analysis, Hidden Markov models, Anisotropic 

diffusion, Partial differential equations, Self-organizing maps, Neural networks, Wavelets. For video, it is 

sometimes possible to consider the content simply as a series of ordered still images and then apply 

image processing frame-by-frame thus extending image processing functionality to the video domain. 

The same algorithms and principles may apply such as in the case of computer morphology algorithms, 

color space conversion, etc.  In this project, a real-time coin counting demo based on video and image 

processing is implemented. The objective of this demo is to count the number of coins such as quarters 

we used in the laundry room in a relatively fast speed. What’s more, we can develop this demo further 

to accomplish more complicated counting tasks.  

Simulink® has long been the tool of choice of the industry (automotive, aerospace, electronics, etc.), since 

it provides a very user-friendly, collaborative and flexible environment for designing, simulating, testing 

and eventually implementing, complex, multi-domain systems and their control logic.  

Simulink includes the capability to program low-cost hardware like LEGO® Mindstorms® robots, 

Arduino®, Beagle Board Xm®, and many others. This new capability enables students to develop and test 

a variety of controls, signal, image and video processing related applications, from within Simulink and 

Stateflow®.  

The application note is based on Simulink and Raspberry Pi3 Model B. The readers will have a chance to 

learn through programming modules with examples of Image and video processing. The learners will gain 

practical experience in building high-level examples themselves. Additionally, learning members would 

also have a chance to understand the potential for use in the classroom with students. 

 

 

 

 

 

 

 



 

 

Introduction to Simulink and Hardware Based Boards 
 

Simulink  
Simulink® is a block diagram environment for multi-domain simulation and Model-Based Design. It 

supports system-level design, simulation, automatic code generation, and continuous test and 

verification of embedded systems. Simulink® provides a graphical editor, customizable block libraries, 

and solvers for modelling and simulating dynamic systems. It is integrated with MATLAB®, enabling 

you to incorporate MATLAB® algorithms into models and export simulation results to MATLAB® for 

further analysis.  

Key capabilities  

➢ Graphical editor for building and managing hierarchical block diagrams  

➢ Libraries of predefined blocks for modelling continuous-time and discrete-time systems  

➢ Simulation engine with fixed-step and variable-step ODE solvers for differential equations.  

➢ Scopes and data displays for viewing simulation results  

➢ Project and data management tools for managing model files and data  

➢ Model analysis tools for refining model architecture and increasing simulation speed  

➢ MATLAB Function block for importing MATLAB algorithms into models  

➢ Legacy Code Tool for importing C and C++ code into models  

 

Understanding the Environment 
To get started with Simulink, the Simulink Library Browser is the one to examine 

first. The Simulink Library Browser is a collection of High level blocks that you 

can use to create a block-diagram representation of the system you are trying to 

design. From a different perspective, these blocks allow you to access or generate, 

apply algorithms and visualize or save the processed data or information, which 

flows through the system.  

 

Once the Simulink Library Browser launches, you will see a window like below. Depending on 

the products included in the MATLAB installation, you will see some or all of the block libraries. 

In particular, we will work with the Simulink Support Package for Raspberry Pi Hardware, which 

is highlighted below.  

A Simulink Model represents the high level design of a system or an algorithm. You can create 

models by dropping blocks from the Simulink Library. After that, you can run the simulation or 

deploy it to the hardware.  



 

 

  

                                     Simulink Environment 

  

  Simulink Library Browser  

[Open] an existing Simulink model         [Create] a new model  

[Search] for library blocks                                        Simulink Block Search 

Simulink block libraries   
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DEPLOYMENT OPTIONS  

  

 

                               Simulink model  

  

Simulink Model Window       [Save] a Simulink model  

     Simulink Model                                             [Run] Simulink model 

 Simulink Library Browser                                         [Deploy] model to hardware 

[Create] a new Simulink model 
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WORKING THROUGH SIMPLE MODEL 

  Blink the Small Green LED on the Raspberry Pi   
Objective: Check hardware and software installation.  

Tasks/Challenge:  

 

  

Steps/Approach:  

1. If a model is already running, click the stop button.  

2. Within MATLAB, navigate to the Working directory.  

3. Open the model BlinkLED1.slx by double-clicking on the file in the Current  

4. Check that the Raspberry Pi is powered on and connected to the host PC with an 

Ethernet cable. 

Select BlinkLED1.slx > Tools > Run on Target Hardware > Options menu item, and 

check for the following settings note your Host name IP address and Click [OK] to 

close the window.    

Note: Your Host name IP address may be different; common values are: 

169.254.0.31, or 192.168.1.07 etc. 

   Run  an existing m ode l,  BlinkLED1 .slx   

  

  Simulink model: BlinkLED1.slx   



 

 

 

  

5. To test your connection to the Raspberry Pi, at the MATLAB prompt type  

!ping 169.254.0.31 (or the using the Host name IP address of your Raspberry Pi from 

step 4). Ensure that you get a positive response and not a “Request timed out” reply.  

6. On the BlinkLED1 model window, [Deploy] the model to the Raspberry Pi.  

Note that:  

• This action initiates the build, download and run procedure. Progress is reported 

in the status bar at the bottom left of the model window, terminating with the 

message. Model successfully downloaded. 

• The build process automatically starts / runs the executable on the Raspberry Pi as 

can be observed from the blinking LED (LED0) on the Raspberry Pi.  

  

        
 Deploy to Hardware button     LED0 on Raspberry Pi board  

  

  
BlinkLED1 Configuration Parameters   



 

 

Additional notes:  

• It may take a few seconds to open a Simulink model, unless you have already 

started Simulink.  

• It is not possible to compile the model without having a Raspberry Pi 

connected.  Simulink will produce an error message.  

• Tip: If you do not have a Raspberry Pi, you can test the syntactic integrity of 

your model using the menu option Simulation > Update Diagram, (or simply 

[Ctrl-D]).  

• The program running on the Raspberry Pi can be started and stopped from 

MATLAB as follows:  

o At the MATLAB prompt assign h=raspi(); This will create a 

Raspberry Pi object in MATLAB which can then communicate with 

the unit. You can note the parameters of the object. One may use 

Putty Interface as well. 

o Type h.connect  at the MATLAB prompt which connects the 

object to the Raspberry Pi. h.stop(’BlinkLED1’) stops the 

program running and h.run(’BlinkLED1’) runs the 

application BlinkLED1.  

o It is also possible to log on to the Raspberry Pi via a shell. 

h.openShell opens a shell. Username is pi and password 

raspberry. The program can also be run and stopped like all other 

Linux application at the OS level of the Raspberry Pi.  

o To see the models that were tried to be executed on Raspberry Pi,  

ls and Enter. 

o To remove all the files or folder (log file or ertw etc ) related to the 

program rm     -rf   programName* and Enter 

o Also remove the folders from the directory where the Simulink 

model is residing manually. 

    



 

 

RASPBERRY PI 3 MODEL B AS THE DESIGNING PLATFORM 

Raspberry Pi3 Model B: Acquire Images from USB webcams. The 

Raspberry Pi is a credit-card sized, low-cost, single-board computer with 

audio and video input/output, designed for teaching.  The Raspberry Pi 

features a Broadcom® system-on-a-chip which includes an ARM 

processor 512 or 1GB MB RAM, and a Video Core IV GPU. Raspberry Pi 

provides peripheral connectivity for stereo audio and digital video 

(1080p) and supports USB and Ethernet.  

In order to harness this capability, however, it is necessary to have an appropriate programming 

pathway.  In this context, the Simulink enables high-level Simulink models to be automatically cross-

compiled for execution on the Raspberry Pi without users having to engage in low-level programming.  

Furthermore, Simulink’s ‘External Mode’ capability allows users to interact with, monitor and tune the 

code as it executes fully autonomously on the Raspberry Pi.  

In addition, to Raspberry Pi Support from Simulink, starting with R2014a, there is also Raspberry Pi 

Support from MATLAB. Raspberry Pi Hardware can be used with Matlab R2014a and after.  This 

provides a library of MATLAB functions which allow you to acquire data from sensors and imaging 

devices attached to a Raspberry Pi.  However the MATLAB code runs on the host computer and not as 

a standalone application on the Raspberry Pi.  In order to run a model or algorithm on the Raspberry 

Pi, one should use the Raspberry Pi Support from Simulink and the approach detailed in this 

application note. 

 With simple Simulink Block Levels preview and acquire single snapshots from the camera, and 

optionally set up a loop of acquired images. The webcam function creates the USB Camera 

object used to acquire images, and the snapshot function returns a single image from the camera. 

 

 

 

 

 

  

 

 

 

 



 

 

Real Time Edge Detection  

 

Understanding of Images and Performing Simple Operations on Image 

 
Edge detection is a fundamental tool in image processing. It aims at identifying points in a Digital 

Image at which the Image Intensity changes sharply. The points at which Image Intensity changes 

sharply are typically organized into a set of curved line segments termed edges. 

Image Edge Concept and Significance 
 

Fig: Steep slope of a single-variable function. It 

may be interpreted as the strong image contrast 

for an edge (one-dimensional view) 

Fig: Maximizing the Gradient function    

Image Edge Detection Algorithm  

                   

 

 

 

 

 

 

Objective: To implement a simple edge detection algorithm on 

Raspberry Pi3 and test on live video acquired from the webcam. 

 

Tasks/ Challenge: Build a Simulink model that implements a 

Simple Edge-Detection algorithm and deploy on Raspberry Pi3. 

 

Steps / Approach:  

The idea is to implement a two-step approach that first determines 

the slope of the two-variable function by computing the 

derivative of that image, and then determines the edges by 

finding the qualifying pixels for the edges where the derivative 

function exceeds a given threshold.                               

 

 

 

 

 

 

 



 

 

 

 

 

 

 

EDGE DETECTION METHOD: Two Dimensional Convolution  
Edge detection requires computing the derivative of a two-dimensional image. The Sobel edge 
detector uses intensity values only in a 3×3 region around each image point to approximate the 
corresponding image gradient. More precisely, it uses a pair of 3x3 convolution masks, one estimating 
the gradient in the x-direction (columns) and the other estimating the gradient in the y-direction 
(rows). As a result, the mask is slid over the image as a 2-D convolution with that image, manipulating 
the square of the pixels at a time. 
The actual Sobel masks are shown below:  

  

  

 

 

 

EXPLORING THE CONCEPT OF THRESHOLDING  
Thresholding is the transformation from grayscale image to binary image. Suppose 

we have an image where there is an object and added with Gaussian noise and its 

histogram is shown as follows. 

 

LIBRARY  BLOCK   PROPERTY  SETTING/VALUE  

Ports & Subsystems   

Subsystem 
 

     

 Import        

User-Defined Functions   MATLAB Function       

Logic and Bit Operations   Relational    Relational Operator:  >=  

Math Operations   Gain    Gain:  255  

1  0  -1        

      

      

1  2  1  

2  0  -2  0  0  0  

1  0  -1  -1  -2  -1  



 

 

  

Performing the Hardware in Loop Simulation and Deployment 

1. On the edgeDetectionReference_RPi.slx model, rename the MaximumSlope  as  

MaximumSlopeFilter, and save the model as edgeDetectionFilter_RPi.slx  

2. Open the MaximumSlopeFilter and edit the  block as follows:   

  

function y = ComputeGradient(u)  

 

kx = [1,0, -1; 2, 0, -2; 1, 0, -1];  
    
ky = [1,2,1; 0,0,0; -1, -2, -1];  
gx = conv2(u, kx, ‘same');  
gy = conv2(u, ky, ’same');  
% computing gradient magnitude  

y = sqrt (gx. ^2 + gy. ^2);  

  

3. Ensure the Raspberry Pi is powered-on and connected to the computer through the Ethernet 

cable. Connect the webcam to the USB port on the Raspberry Pi.  

Click the RUN button to run the model in external mode. Double click the block Threshold. 
Then tune the values to see the edges changing as per the qualifying pixels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Subsystem 

MATLAB Function 



 

 

REAL TIME COIN COINTING ON RASPBERRY PI3 BOARD 

 
OBJECTIVE 

To build an application that detects an object and is 

able to count them on the screen. Learn about the 

following product features: external mode, data 

logging features of scopes, how to build subsystems, 

MATLAB functions and use built-in functions.  

 

OBJECT DETECTION AND COUNTING 

Building of a Simulink model in stages that is capable 

of detecting objects in the input video. The idea is to 

perform an appropriate arithmetic transformation on 

the RGB components of the colour image to  

➢ Get an Image Intensity , and then to  

➢ Set a threshold in order to convert the Image 

into Binary & Compute the Centroid  

➢ Mark the Centroid of the area and Count the 

same. 

 

 

CONCEPT OF IMAGE SEGMENTATION AND LABELLING 

Thresholding  
Thresholding is the transformation from grayscale image to binary 

image. Suppose we have an image where there is an object and added with 

Gaussian noise. 

  

 

  

 

Thresholding finds an optimum value T, such that pixels with values 

which are less than T are set to be 0, and pixels with values greater 

than T are set to 1. The algorithm which is used in the block 

autothresholding is so called Otsu’s algorithm.  

Figure: The histogram to determine thresholding 

 

 



 

 

Labelling  
Labelling is an operation to label distinct self-contained objects of a binary image. We can 

define two types of connectivity, 8-connectivity and 4-connectivity. Pixels to be included 

 

0  1  0   1  1  1  

1  1  1  1  1  1  

0  1  0  1  1  1  

4-connectivity and 8-connectivity  

IMPORTANCE OF IMAGE MORPHOLOGY AND IMPLICATION 

Opening 
Opening includes two morphological operations in image processing, which are called 

erosion and dilation. It opens the gap between objects to enable the counting process. Also it helps 

to retain the texture of the image filtering out some noise after thresholding.  

Design and Implementation  
In the implementation, the SE (Structuring Element) for the closing operation must be set. 

Here we set it to a ‘disk’ of length 6  

  
SE of ‘disk’, 6  

Our tests demonstrate that the SE is significant enough to fill the gaps inside the coins.   



 

 

SIMULATION IN HARDWARE IN LOOP AND DEPLOYMENT 
1. Add a source file for the coin counting from Video and Image Processing Blockset 

→Sources → Image from File. Set the filename to “coin.jpg”, the sample time to ‘inf’, the 

image signal to ‘Separate colour signals’, the output port labels to ‘R|G|B’ and the output 

data type to ‘uint16’.  

2. Next convert the input colour image from the file ‘coin.jpg’ to grayscale using Video and 

Image Processing Blockset → Conversions → Colour Space Conversion. Set the conversion 

to ‘R|G|B’ to intensity’. Set the image signal to ‘Separate colour signals.  

3. Next add the Autothreshold block such that it automatically converts an intensity image 

from the output of the Colour Space Conversion block to a binary image. Initially, set the 

thresholding operator to ‘>’. Then, uncheck ‘Output threshold’, ‘Output effectiveness 

metric’, ‘Specify data range’ and ‘Scale threshold’. Finally, set the rounding mode to ‘Floor’ 

and the overflow mode to ‘wrap’.  

4. Now add an Open block to perform morphological closing on the binary image. Set the 

neighbourhood or structuring element source to ‘Specify via dialog’ and the 

neighbourhood or structuring element to ‘strel (‘disk’, 6)’.  

5. Then add a Label block from Video and Image Processing Blockset →Morphological 

Operations → Label. This block will enable us to count the separate areas in the given 

binary images.  Set the connectivity to 8. Set the output to ‘Label matrix and number of 

labels’. In the end, set the output data type to ‘uint8’.  

6. Another function block we need is Insert Text block. It will help us to draw formatted text 

on an image or video stream. Type the text as ‘Coins count: %d’. Set location source, 

colour source and opacity source all to ‘Specify via dialog’. Set the location to ‘[350 10]’, 

the colour value to 255, and the opacity to ‘1.0’. The image signal option should be ‘One 

multidimensional signal’, and uncheck ‘Input image is transposed’ at last.  

7. Add four Video Viewer blocks from the Video and Image Processing Blockset and link them 

after Colour Space Conversion block, Autothreshold block, Open block and Insert Text 

block.  

     


