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1. Step 15

11, Adding TheNecessary Files Using Windows Explorer

File opened from Ubuntu with the following code:
S explorer.exe.

And the files copy pasted to \\wsIS\Ubuntu-18.04\home

1.2.  Creating The World withAtom Text Editor
“myiris.world” is created from atom text editor which is opened from Ubuntu.

13.  Phase 1 Designof the Attitudeand Altitude Controllers
In this phase, a Simulink file will be created to control the attitude and altitude of the Iris quadcopter
model. Simulink modelis given below:
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14.  Phase2 Design of The Position Controller
We need position controller because evenif the designed controllers seems to be working well
for a short period of time it seems problematicforlonger periods. In the phase 1 aircraft shifts.
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Changed part of the Control Attitude & Altitude(now it is called ControlLinear
Position).
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Results for Reference Linear Position=[0, 0, 3] :

Property

Position of the Aircraft after 20 seconds.
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Results for For Reference Linear Position=[2, -4, 3] :
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1.5, Phase 3 Determinationof the Object PositionIn the World Coordinates

In the previous phase, the referencevalues of linear position were given arbitrarily by using a
constantblock. In this phase, the x and y coordinates of this vector will be calculated automatically.

The following commands are merged and added to “myiris.world” using Atom Text Editor
openedfrom Ubuntu:

<l-- UAV: Unmanned Aerial Vehicle -->
<model name="UAV">

<include>

<uri>model://my_iris</uri>
<static>false</static>

</include>

<include>
<uri>model://my_camera</uri>
<static>false</static>

<pose>0 00.014 0 1.5708 0</pose>
</include>

<joint name="camera_joint" type="fixed">
<child>UAV::camera::link</child>
<parent>UAV::iris::base_link</parent>
</joint>

<pose>0 0 0.3 0 00</pose>

</model>

<!l-- Object -->

<model name="totel">

<include>
<uri>model://grey_tote</uri>
<static>true</static>

</include>

<pose>0 0000 1.5708</pose>
</model>
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Final Look of the Simulink Model.

Weight Compensator block value is changed to 1.34.
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Reference XY Position Subsystem.
Reshape Colored Image block has the following code which is written from Matlab Command Panel:
function RGB=reshape_colored_image(Width,Height,Data)
channum = 3; % numberof channels, R,G,B
RGB =zeros(Height, Width, channum, 'uint8');
if ~isempty(Data)&& ~isscalar(Data)
index = reshape(1:Width *Height *channum, [channum,Width *Height])’;
RGB =reshape(Data(index), Width, Height, channum);

end
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% result will be a height x width x channum image matrix
RGB =permute(RGB, [213]);

Calculate World Coordinates block has the following code whichis written from Matlab Command
Panel:

functionobj _linpos =

img2world(body_linpos,body_angpos,body2cam_offset,obj2gnd_offset,obj cencor,img_width,img_h

eight,img_fov)

% This function calculates world coordinates of object from its image coordinates
%

% INPUTS

% body_linpos: linear position of vehicle body

% body_angpos: angular position of vehicle body

% body2cam_offset: distance between body center of gravity and camera focal point
% obj2gnd_offset: distance between object top surface and ground surface

% obj_cencor: centroid coordinates of the objects in image plane

% img_width: width of image plane

% img_height: height ofimage plane

% img_fov: field of view

% Focal_Length = Width/(2*tan(Field_of View/2))

%

% OUTPUTS

% obj_linpos: xy position of object in world coordinates

% calculate focallength

img_fl=img_width/(2*tan(img_fov/2));

% initialize object world coordinates

obj_linpos =zeros(2,1);

if ~(obj_cencor(1)==-1)

theta = -atan((obj_cencor(1)-0.5*img_width)/img_fl);

alfa=body_angpos(1) + theta;

obj_linpos(2) =body_linpos(2) + (abs(body_linpos(1))-body2cam_offset-obj2gnd_offset) *tan(alfa);
end

if ~(obj_cencor(2)==-1)

11



beta = -atan((obj_cencor(2)-0.5%img_height)/img_fl);

gamma =-body_angpos(2) + beta;

obj_linpos(1) =body_linpos(3) + (abs(body_linpos(1))-body2cam_offset-

obj2gnd_offset)*tan(gamma);

end

Final Settings of the Third Phase:

FEE R M
E Contents of: myiris/Reference XY Position/Reshape Colored Image (only)

Column View: | Stateflow ¥ | Show Details

4 object(s) T

Name Scope Port Resolve Signal DataType Sire InitialValue CompiledType Compiles
@ Width Input 1 Inherit: Same as Simulink -1
@ RGB Output 1 D Inherit: Same as Simulink [240,320,3]
@ Height Input 2 Inherit: Same as Simulink -1
@ Data Input 3 Inherit: Same as Simulink -1
< >
Contents Search Resuits

Data Data
General Description
Name: | Data
Scope: Input * | Port: |3 -
Size: I:l Variable size
Complexity: | Inherited e
First index
Type: | Inherit: Same as Simulink o .
Unit (e.g., m, m/s*2, N*m): SI, English, ...
‘ inherit ‘
Limit range
Minimum: Maximum: |
Revert Help Apply

Changes Inthe Model Explorer.
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E Contents of: myiris/Reference XY Position/Reshape Colored Image (only) Data RGB

General Description

Column View: | Stateflow v | Show Details 4 object(s) fp
Name:  [ReB
Name Scope Port Resolve Signal DataType Size InitialValue CompiledType Compile
m Scope: Output ¥ | Port: |1 v
ng Width Input 1 Inherit: Same as Simulink -1
LQ RGB Output 1 D Inherit: Same as Simulink  [240,320,3] D Data must resolve to signal object
13 2 T ulink -1 . ’ .
@ Height Input 2 Inherit: Same as Simulink -1 Size: [240,320,3] Variable size
|sit) Data Input 3 Inherit: Same as Simulink -1
Complexity: |Inherited b
First index
Type: I Inherit: Same as Simulink v >>
Unit (e.g., m, m/s"2, N*m): SI, English, ...
lmherit |
Limit range
Minimum: Maximum: ]
oS 2 Revert Help Apply
Contents Search Results

EE TR

21.06.2020

Changes In the Model Explorer.

Diagnostic Viewer

Diagnostics
= BE BE B3 BiRAadeN g &~ 31
myiris

» Model Save (myiris)
07:38 AM Elapsed: 0.261 sec

r Model Save (myiris)

O07:40 AM Elapsed: 0

125 sec

¥ Model Save (myiris)
O07:41 AM Elapsed: 0438 sec

v Model Save (myiris)

07:43 AM Elapsed: 0.421 sec

~ Simulation & 1
07:43 AM Elapsed: 47 sec

An error occurred while running the simulation and the simulation was terminated

Caused by:

e For output port 2 of 'myiris/Reference XY Position/Gazebo Read/SourceBlock', the method
‘outputImpl® of the System object 'robotics.slgazebo.internal.GezeboReadBlk” returns & bus type
whose field Gazebo_5L_Bus_gazebo_msgs_Image.data size does not match the field
Gazebo_5L_Bus_gazebo_msgs_Image.deta size defined in the method 'getOutputDataTypeImpl’.

Component. Simulink | Category: Block error

Error While Reading the Data From Camera.
This error is fixed by the following command written on the Matlab Command Panel:

>>Gazebo SL Bus _gazebo _msgs Image
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>>Gazebo SL Bus gazebo msgs Image.Elements.Name

>>Gazebo SL Bus gazebo_msgs Image.Elements(3)

>>Gazebo_SL Bus gazebo_msgs Image.Elements(3).Dimensions = 230400;
>>Gazebo SL Bus gazebo _msgs Image.Elements(3).DataType = 'uint8’;
>>Gazebo SL Bus gazebo msgs Image.Elements(3).DimensionsMode = 'Variable';

E Contents of: myiris (only) Model Properties: myiris

Main Callbacks History Description Data

Column View: | Block Data Types ¥ | Show Details 17 of 35 object(s) \f?
Model callbacks Model initialization function:
1l Name BlockType OutDataTypeStr OutMin OutMax LockScal PreLoadFcn Gazebo_SL_Bus_gazebo_msgs_Image.Elements(3
&[ Apply Rotor Torgue (Rotorl) PostLoadFcn
\3] Apply Rotor Torque (Rotor2) InitFen*
E‘i_j Apply Rotor Torque (Rotor3) i:r::g:n
@j Apply Rotor Torque (Rotor4) R
[ﬁj Configure Communication Parameters StopFen
[P Control Linear Position PreSaveFcn
P Demux PostSaveFcn
TP Demux1 CloseFcn
P Demux2
m Read Body States
P Scope
P Scopel
P Terminator
P XY Graph
@ Reference XY Position
L Mux
P Reference Altitude Inherit: Inherit from 'Constant value' [] 1] |:]
<
< >
< 4 Revert Help Apply
Contents Search Results

08:49
21.06.2020

) EE TUR

Permanent Solution for Error While Reading the Data From Camera. Deleted
afterwords becaus it seems like there are someerrors.
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1.6.  Results of the Step 15
@ Gazebe
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Property Value
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Real Time Factor: Sim Time: Real Time:

Position of the Aircraft after 20 seconds.

File Tools  View  Simulation Help
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Final look of the Video Viewer after 20 seconds.
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X-Y-Z Positions of the Aircraft after 20 seconds.

2. Scenario of Aircraft Landing on aMoving Landing Ground

The goal of this phase is an aircraft will follow a movinglanding ground for 30 seconds and after
30 seconds it will start to lowerits altitude and land on landing ground.

21.  AddingtheNecessary Files UsignWindows Explorer

File openedfrom Ubuntu with the following code:
S explorer.exe.

Andthe files pasted to \\wsIS\Ubuntu-18.04\home\

From now on “myheliport.world” world file will be used.

212.  OpeningtheNew WorldFileand Checking the Models

World file opened from Ubuntu using Gazebo with following code:

S gazebo ~/.gazebo/worlds/myheliport.world --verbose
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Initial Look of the World File.

3.  Changing the Simulink File for Desired Scenario

Real Time:
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Final look of the simulink file.

For flying at 3m altitude “Reference Altitude” constant block is deleted and a ramp block is added

with following parameters.
Slope:-0.1
Start Time: 30

Initial Output: 3

These are the initial values but aircraft lost sight of the landing ground as it get closed to the

landing ground so the parameters are changed as below:

Jopadsul Aadold



Slope:-0.5
Start Time: 30
Initial Output: 3

With these parameters aircraft lands faster but makes a successfullanding sothese parameters
are used.

Block Parameters: Reference Altitude

Ramp (mask) (link)
Output a ramp signal starting at the specified time.
Parameters

Slope:
[-05 E

Start time:
[30 IE

Initial output:
[3 B

Interpret vector parameters as 1-D

‘)- OK Cancel Help Apply

Final look of the Reference Altitude block.

The block parameterin the Reference XY Position /Compare to Constant s changedto 30
because if the aircraft falls behind tothe landing ground camera senses the sides of the landing
ground as the surface of the landing ground loses its stability. Initial value was 105.

Block Parameters: Compare To Constant

Compare To Constant (mask) (link)

Determine how a signal compares to a constant.
Parameters
Operator: | < A

Constant value:
130

Output data type:  boolean -

Enable zero-crossing detection

5)- Cancel Help Apply

Final look of the Compare to Constant block.

2 PID Controller block are added to the Control Linear Position/XY Position Controller
subsystem. Because as the aircraft gets closer to the surface of the landing ground it starts to lose
sight of the landing ground so PID Controllers are added for faster response.
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Block Parameters: PID Controller

PID 1dof (mask) (link) A

This black implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the Tune..." button (requires Simulink Control
Design).

Controller: | PI T | Form: |Parallel h
Time domain: Discrete-time settings
® Continuous-time

Sample time (-1 for inherited): -1
O Discrete-time

» Compensator formula

Main  Initialization =~ Output Saturation  Data Types  State Attributes
Controller parameters

Source: |internal hd

Propoertional (P): |0 | 5

Integral (I): |0 | 5

Automated tuning

Select tuning method: | Transfer Function Based (PID Tuner App) - Tune...

Enable zero-crossing detection

Cancel Help Apply

Parameters of the PID Controllers.

The parameters of the Maximum Allowable Pitch Angle and Max. Allowable Roll Angle are
changed as below for betterand faster reaction for aircraft.

Block Parameters: Maximum Allowable Pitch Angle

Saturation

Limit input signal to the upper and lower saturation values.
Main  Signal Attributes
Upper limit:
20 IE

Lower limit:

-20 IE

Treat as gain when linearizing

Enable zero-crossing detection

‘).- Cancel Help Apply

Both of blocks Maximum Allowable Pitch Angle and Max. Allowable Roll Angle
blocks are set as above.
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Final look of the XY Position Controller block.

24.  Results of the Scenario
Aircraft landed on the landing ground as planned but when it touches the surface it does not
stop the rotors so after5 seconds it starts to move. So scenario is successfuly completed.
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Look of the aircraft when it is close to the surface of the landing ground.
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X-Y-Zposition graph of the aircraft.
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X-Y position graph of the aircraft.
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Roll-Pitch-Yaw angle graph of the aircraft.
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