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Lesson 2 Intelligent Transport
1. Principle

In the era of Industry 4.0, robots are widely used in the field of intelligent

logistics, which can achieve high-efficiency management and improve the

service. We are going to learn how TonyPi Pro robot realizes the function of AI

Transport in this section.

The first stage is recognition. Program TonyPi Pro to search the recognized

object on the map through walking and head rotation.

When a recognizable color appears in the visual range, TonyPi Pro starts to

process the object color recognition. Convert the image to Lab, image

binarization, and then perform operations such as expansion and corrosion to

obtain an outline containing only the target color.

The second stage is transport. According to the processing of the image

feedback information, TonyPi Pro will judge the distance of the items when

multiple items appear. And then move the items according to the distance.

Set the AprilTag according to the corresponding color as the sign of the

transport destination. Program the TonyPi Pro to scan on the map and detect

whether is the target tag and then execute the actions. If the target tag is found,

TonyPi Pro will place the item directly.

If the tag is not the target, TonyPi Pro will determine the location of the target

tag based on the scanned tag, and then turn to the target until the target tag is

scanned.

The source code of the program is located in：

/home/pi/TonyPi/Functions/Transport.py
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2. Operation Instruction

1) The function of this section should be operated on the provided map. The

right side is the items placement zone and the left side is the receiving space.
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2) Place the map on the smooth floor. Place the TonyPi Pro and color blocks in

the placement zone.

3) Turn on robot and connect to Raspberry Pi desktop with VNC.

3. Operation Steps

Pay attention to the text format in the input of instructions.

1) Click or press “Ctrl+Alt+T” to enter the LX terminal.

2) Enter “cd TonyPi/Functions/” command, and then press “Enter” to come to

the category of games programmings.

3) Enter “sudo python3 Transport.py”, then press “Enter” to start the game.

4) If you want to exit the game programming, press “Ctrl+C” in the LX terminal

interface. If the exit fails, please try it few more times.
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4. Project Outcome

Place TonyPi Pro and blocks on the placement zone and start AI transport.

It will move the blocks to the corresponding AprilTag in order according to the

distance.

5. Program Parameter Instruction

5.1 The parameter of target color and preset position

In this game, set to transport red, green and blue objects to corresponding tag

position, as the figure shown below:

5.2 Find Target Object

5.2.1 Control Robot to Left or Right

When starting this game, adjust the robot to left or right to find the object to be

transported, the specific operation is as follow:



5

5.2.1 Color Detection Parameter

When detect the target object, the detection purpose is achieved by detecting

the color. The code is as follows:

The parameters mainly involved in the process of detecting object color are as

follow:

1) Before converting the image into LAB space, GaussianBlur() function is

used to perform Gaussian filtering to denoise image, as the figure shown

below:
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The first parameter “frame_resize”is the input image.

The second parameter “(3, 3)” is the size of Gaussian kernel. Larger kernels

usually result in greater filtering, which makes the output image more blurred

and also increase the computational complexity.

The third parameter “3” is the standard deviation of the Gaussian function

along X direction, which is used in Gaussian filters to control the variation

around the its mean value. When the data increases, the allowable variation

range around the mean value increases, vice verse.

2) Binarize the input image by inRang function, as the figure shown below:

3) To reduce interference to make the image smoother, it needs to be eroded

and dilated, as the figure shown below:

The getStructuringElement function is used in processing to generate

structural elements in different shapes.

The first parameter “cv2.MORPH_RECT” is the kernel shape. Here it is

rectangle.

The second parameter “(3, 3)” is the size of rectangle. Here it is 3×3.

4) Find the object with the biggest contour, as the figure shown below:
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To avoid interference, the “if contour_area_temp > 100” instruction sets the

contour with the largest area is valid only if the area is greater than 100.

5) When the robot recognizes the target object, cv2.drawContours() function

can be used to draw the contour of object, as the figure show below:

The first parameter “img” is the input image.

The second parameter “[box]” is the contour itself, a list in Python.

The third parameter “-1” is the index of contour. The value here represents all

the contours in the drawn contour list.

The fourth parameter “(0, 255, 255)” is the contour color and the order of

parameters is B, G, R. The color here is yellow.

The fifth parameter “2” is the width of contour, and “-1” represents the contour

is filled with specified color.

5) After the robot recognizes object, cv2.circle() function is used to draw the

center point of the object in the returned screen, as the figure shown below:
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The first parameter “img” is the input image. Here it is the image of the

recognized object.

The second parameter “(centerX, centerY)” is the coordinate of centre point of

drawn circle. (determined according to the detected object)

The third parameter “5” is the radius of drawn circle.

The fourth parameter “(0, 255, 255)” is the color of drawn circle and its order is

B,G and then R. Here it is red.

The fifth parameter “-1” is to fill the circle with the color in parameter 4. If it is a

number, it means the line width of the drawn circle.

5.3 Start Transport

After detecting the target object, the robot will start transporting. This process

can be divided into several steps, which are close to the object, pick up the

object, find the placement position, transport the object and put down the

object.

5.3.1 Approach the object

Before transporting, control the robot to approach the object to be carried firstly,

as the figure shown below:
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5.3.2 Pick Up Object

After approaching the object, control the robot to pick it up, as the figure shown

below:

5.3.3 Find Placement Position

Before transporting object, locate the placement position for the object by

recognizing the tag, as the figure shown below:

The parameters mainly involved in this process are as follow:
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1) After obtaining the information of the four corners of the tag, draw the

contour of the tag through cv2.drawContours() function, as the figure

shown below:

2) After recognizing the tag, draw the centre point of the tag in returned

screen through cv2.circle() function, as the figure shown below:

5.3.4 Transport Object

After picking up the object, transport it to the corresponding position, as the

figure shown below:
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During transporting, if the target tag is not detected, the relative position is

judged by other tags, as the figure shown below:

5.3.5 Put Down Object

After getting to the placement position, put down the object, as the figure

shown below:
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