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+�������%7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 ( 
,����
���
	��	��77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 2 
,����
����4����7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 * 
�	��
�����
	%77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 1 
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����������5
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!������#�����6���
�	4 777777777777777777777777777777777777777777777777777777777777777777777777777777777((  
��/��
���	��������4
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�����	�77777777777777777777777777777777777777777777777777777777777777777777777777777777777777('  
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����� 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777(*  
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�������
����
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���#�����777777777777777777777777777777777777777777777777777777777777777777777777777777777777(< 
������	4��#����� 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777(< 
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�������������
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	 7 77777777777777777777777777777777777777777(< 
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����
������6� 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777(< 
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�
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��+�,- 7777777777777777777777 77777777777777777777777777777777777777777777777777*& 
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	 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777*& 
�+���
��5�����	�������7777777777777777777777777777777777777777777777777777777777777777777777777777777*& 
����6���C��D��#���7777777777777777777777777777777777777777777777777777777777777777777777777777777777777*& 
�����,�
�	4777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777*( 
�����#�D������
 7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777*(  
-8���������	� 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777*(  
����	������4� 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777*( 
������	4�������!��������
	 777777777777777777777777777777777777777777777777777777777777777777777777777*( 

�
	�����
	7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777*2 
!�����	��� 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777*' 
+���	����� 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777** 

+���	��8�+�E�,������
���#�	6���
�����
���	4���
��� 77 7777777777777777777777777777777777777777777** 
+���	��8���E�0
�	��8�!
�
����+��������������
	77777777 77777777777777777777777777777777777777777*1 
+���	��8���E�$����	���������
���77777777777777777777 77777777777777777777777777777777777777777777777*3 
+���	��8���E�:���6�������+���
��# 7777777777777777777 777777777777777777777777777777777777777777777*< 
+���	��8�-�E���/��
���	��
�����	��������+���
��# 7777 7777777777777777777777777777777777777777*) 
+���	��8���E���
 �������	 7777777777777777777777777777777777777777777777777777777777777777777777777777*= 
+���	��8�B�E�,�������
�
����	����������6� 77777777777 77777777777777777777777777777777777777777777771& 
+���	��8���E��������>
/���	��������
���
�
�������7777 777777777777777777777777777777777777777771( 
+���	��8���E�!��
���
����	�	���777777777777777777777 77777777777777777777777777777777777777777777777712 
+���	��8�0�E�,�	����	�
��:����!������ 7777777777777777 77777777777777777777777777777777777777777777771' 
+���	��8�F�E�$����	��������>���������
���4� 7777777777 7777777777777777777777777777777777777777771' 
+���	��8�,�E��
	�
���������	477777777777777777777777 7777777777777777777777777777777777777777777777771* 
+���	��8�>�E��
������
����
���
		����	4��
�!
�
� 77777 7777777777777777777777777777777777777777711 
+���	��8�"�E��
������
����
���
		����	4��
��
	��
���� ��
���777777777777777777777777777777777711 
+���	��8�;�E�+�,-��
������
�� 777777777777777777777777 77777777777777777777777777777777777777777777713 
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� 77777777777777777 7777777777777777777777777777777777777777777777777777 < 
��4����2�.�������+��
���	4�!
�
�7777777777777777777 7777777777777777777777777777777777777777777777777777 < 
��4����'�.������������	4�!
�
� 7777777777777777777777 7777777777777777777777777777777777777777777777777777 ) 
��4����*�.��
��C
	�����
	���������������
� 777777777 777777777777777777777777777777777777777777777777777)  
��4����1�.��#
�
�
���
	�
���������	4 777777777777777 7777777777777777777777777777777777777777777777777777 ) 
��4����3�E������,����� 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777 = 
��4����<�.�>
�����>��#�	�7777777777777777777777777777777777777777777777777777777777777777777777777777777(& 
��4����)�.�!������������������4	��
��5��� 777777777777 77777777777777777777777777777777777777777777777(& 
��4����=�.�?���6�!�����������	�#
� 777777777777777777 77777777777777777777777777777777777777777777777777((  
��4����(&�.�����4	�
��,�4
����	���
���� 7777777777777 777777777777777777777777777777777777777777777777(' 
��4����((�.�����4	�
���

��	���� 7777777777777777777 77777777777777777777777777777777777777777777777777(*  
��4����(2�.�!������	����
	�
���
������>
��� 777777777 77777777777777777777777777777777777777777777777(1 
��4����('�.�>
����
���	��������/
�>
�
� 7777777777777 7777777777777777777777777777777777777777777777777(3 
��4����(*�.��
	�������	4�5��#�5��6���������� 7777777 777777777777777777777777777777777777777777777777(= 
��4����(1�.����������
	�
�����/�������,�	4�# 7777777 777777777777777777777777777777777777777777777777772(  
��4����(3�E���CC
�,
4�� 777777777777777777777777777777777777777777777777777777777777777777777777777777777722 
��4����(<�.��#
�
4���#�
���	���������
����$	�����
	 �������
	 7777777777777777777777777777777777723 
��4����()�.�:#��������4��������� 7777777777777777777 777777777777777777777777777777777777777777777777777723 
��4����(=�.�������+�����������
���>����������4� 7777 77777777777777777777777777777777777777777777772< 
��4����2&�.����
	��+�����������
���>����������4� 7777 77777777777777777777777777777777777777777772) 
��4����2(�E����
	��������4��������
	����������
��� 77 77777777777777777777777777777777777777777777772) 
��4����22�E������	�#
��
���
	��
���
��5��� 77777777777 77777777777777777777777777777777777777777777777'( 
��4����2'�.���
5�#�����������	����
	�
����
4��� 7777 77777777777777777777777777777777777777777777777'2 
��4����2*�.��#
�
4���#�
�����	���
����77777777777777 777777777777777777777777777777777777777777777777'* 
��4����21�.��
������
	�
����������
����4��	���>���� ����;�� 7777777777777777777777777777777777777'1 
��4����23�.�+� ����	4�>
�
���������
�:������	�
�7777 77777777777777777777777777777777777777777777777'3 
��4����2<�E���
�	4����/��:���7777777777777777777777 7777777777777777777777777777777777777777777777777777'< 
��4����2)�E�+�,-��
���	4�����6 7777777777777777777777777777777777777777777777777777777777777777777777777'= 
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Output Voltage against Integer Value
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Relationship between Number of Changes detected by Line Sensor and Motor Speed

0

50

100

150

200

250

300

1 2 3 4

Drive Speed

Changes

�
��4����23��#
5��#
59�����#�����/�����������������9� �#��	������
���������
������6����������
�	�������7��#�	��#��������5����������
5�(2&9��#���
 �
����������
��
/�7�+���#��	������
��
�������
������6����������������#�������#�	��#��	��� ���
���������
������6����/�	�
/��9��#����
�����	4�������

��	����������
�5
�6�5��#7�



��
 ����+�,-�.� ����������	
��
�
�
�	�	���

���	��
�
���
����

��

 ���
���������
�	��

����	
��	���

���	���

�

��4��'<�
��)(�

��������%�#�6��.�������1��3�(���

Relationship between Number of Changes detected by Line Sensor and Drive Time
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Item Cost Postage  Miles  Fuel Total 
Robot Arm £112.00 £0.00 0 £0.00 £112.00 
Axel £0.69 £0.00 5 £1.50 £2.19 
Bands £0.99 £0.00 3 £0.90 £1.89 
Robot Power Supply £14.99 £0.00 3 £0.90 £15.89 
PTM Switches £1.38 £0.00 0 £0.00 £1.38 
4 Way adapter £3.99 £0.00 0 £0.00 £3.99 
Motor £17.63 £1.76 0 £0.00 £19.39 
H Bridge £18.80 £1.76 0 £0.00 £20.56 
Line Detector £12.93 £1.76 0 £0.00 £14.69 
Motor Mount £6.99 £1.76 0 £0.00 £8.75 
Callipers £9.99 £0.00 2 £0.60 £10.59 
Nails £0.99 £0.00 5 £1.50 £2.49 
USB Interface £29.99 £0.00 5 £1.50 £31.49 
Wires £2.97 £0.00 0 £0.00 £2.97 
Solder £7.39 £0.00 0 £0.00 £7.39 
Soldering Iron £9.99 £0.00 5 £1.50 £11.49 
Soldering Iron Mount £4.99 £0.00 0 £0.00 £4.99 
Small Vice £2.99 £4.60 0 £0.00 £7.59 
Hammer £1.99 £0.00 2 £0.60 £2.59 
USB Serial Lead £5.60 £0.00 0 £0.00 £5.60 
Wood £0.00 £0.00 1 £0.30 £0.30 
Bricks £0.00 £0.00 0 £0.00 £0.00 
Wheels £0.00 £0.00 0 £0.00 £0.00 
Siren £0.00 £0.00 0 £0.00 £0.00 
USB Extension £2.99 £0.00 4 £1.20 £4.19 
Screws £0.00 £0.00 4 £1.20 £1.20 
Lab Books £1.98 £0.00 2 £0.60 £2.58 
Pin nose pliers £1.50 £0.00 4 £1.20 £2.70 
Multi meter £9.99 £0.00 0 £0.00 £9.99 
Cable Ties £1.99 £0.00 0 £0.00 £1.99 
Cable * 30m £4.99 £0.00 0 £0.00 £4.99 
Bolts * 8 £23.92 £0.00 0 £0.00 £23.92 
S Hooks £1.50 £0.00 2 £0.60 £2.10 
Tensioners Large £4.98 £0.00 0 £0.00 £4.98 
Tensioners Small £1.49 £0.00 0 £0.00 £1.49 
Lego £0.00 £0.00 0 £0.00 £0.00 
4 Way adapter £2.49 £0.00 2 £0.60 £3.09 
Blue Switch £1.99 £0.00 2 £0.60 £2.59 
Emergency Stop £2.29 £0.00 0 £0.00 £2.29 
Replacement Servos £20.76 £1.99 0 £0.00 £22.75 
Replacement Servos £20.76 £1.99 0 £0.00 £22.75 
Totals £350.14 £13.64 51 £15.30 £401.83 

�
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            'Close port if its allready open 
            If  MSComm1.PortOpen Then 
                MSComm1.PortOpen = False 
            End If 
            'Input com port settings from manufacturer 
            MSComm1.Settings = "9600,N,8,1"  ' ²¨ÌØÂÊ=9600, Ã»ÓÐÐ£Ñé, 8Î»Êý¾Ý, 1 
bitÍ£Ö¹Î»¡£ 
            MSComm1.CommPort = RobotComPort 
            'Connect 
            MSComm1.PortOpen = True 
            RoboticArmStatus.Text = "Conntected" 

+���	��8�"�E��
������
����
���
		����	4��
��
	��
�� ����
����
    Private  Declare  Function  OpenDevice Lib  "k8055d.dll"  ( ByVal  CardAddress As 
Integer ) As Integer 
    Private  Declare  Sub CloseDevice Lib  "k8055d.dll"  () 
    Private  Declare  Sub OutputAnalogChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer , ByVal  Data As Integer ) 
    Private  Declare  Sub ClearDigitalChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer ) 
    Private  Declare  Sub SetDigitalChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer ) 
    Private  Declare  Function  ReadDigitalChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer ) As Boolean 

�
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Module  SharedFunctions 
    'This structure will hold the motor values of a fix ed position 
    Structure  RobotPosition 
        Dim Name As String 
        Dim Motor1 As Integer 
        Dim Motor2 As Integer 
        Dim Motor3 As Integer 
        Dim Motor4 As Integer 
        Dim Motor5 As Integer 
        Dim Motor6 As Integer 
        Dim Motor7 As Integer 
    End Structure 
    Structure  Motor 
        Dim LowerLimit As Integer 
        Dim UpperLimit As Integer 
        Dim CurrentPosition As Integer 
        Dim IntendedPosition As Integer 
        Dim MovementsPerSample As Integer 
    End Structure 
    Structure  FuzzyInputTable 
        Dim LowerMembership As Single 
        Dim MiddleMembership As Single 
        Dim UpperMembership As Single 
    End Structure 
End Module 
�
�
Option  Explicit  On 
Imports  System.Math 'Includes the maths class required by the inverse k inematics 
code 
Public  Class  Form1 
    'Declare functions which talk to the interface boar d 
    Private  Declare  Function  OpenDevice Lib  "k8055d.dll"  ( ByVal  CardAddress As 
Integer ) As Integer 
    Private  Declare  Sub CloseDevice Lib  "k8055d.dll"  () 
    Private  Declare  Sub OutputAnalogChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer , ByVal  Data As Integer ) 
    Private  Declare  Sub ClearDigitalChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer ) 
    Private  Declare  Sub SetDigitalChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer ) 
    Private  Declare  Function  ReadDigitalChannel Lib  "k8055d.dll"  ( ByVal  Channel As 
Integer ) As Boolean 
    Dim BricksOnRobot As Integer 
    Dim WaitingTime As Integer 
    Dim MaxWallHeight As Integer 
    Dim RobotMoving As String  'Will be set to Stopped or name of a position it is  
moving to 
    Dim RobotDriving As String  'Will be set to Stopped or name of a position it is  
driving to 
    'Declare global variables 
    Dim MaxWallLength As Integer  'Maximum number of bricks long the machine can 
build 
    Dim BrickInterval As Integer  'the number of counts to move the distance of a 
single brick 
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    Dim Origin As Integer  'the number of counts to move to the origin from th e far 
end 
    Dim DriveDirection As String  'Specifies the direction the car should be moving 
in 
    Dim DriveDistance As Integer  'Specifies the distance the car has remaining to 
move 
    Dim CardComPort As Integer  'specifys which com port the card will use 
    Dim RobotComPort As Integer  'specifies which com port the robot will use 
    Dim FrontTouchSensor As Integer  'holds the value of the last reading 
    Dim RearTouchSensor As Integer  'holds the value of the last reading 
    Dim LineSensor As Integer  'holds the value of the last reading 
    Dim AlarmOn As Boolean  'Specifies if the alarm in enabled 
    Dim SafeDecision As Boolean  'Is used to stop the robot if an instruction is 
supplied which can cause dammage 
    Dim Motor1 As Motor 'A motor on the robot arm 
    Dim Motor2 As Motor 'A motor on the robot arm 
    Dim Motor3 As Motor 'A motor on the robot arm 
    Dim Motor4 As Motor 'A motor on the robot arm 
    Dim Motor5 As Motor 'A motor on the robot arm 
    Dim Motor6 As Motor 'A motor on the robot arm 
    Dim Motor7 As Motor 'A motor on the robot arm 
    Dim BlueButtonPressed As Integer 
    Dim Alternator As Integer  'To ensure the robot only moves 1 out of 4 time 
sequences 
    Dim AngleToPileA As Integer  'motor2 
    Dim AngleToPileB As Integer  'motor2 
    Dim AngleToWall As Integer  'motor2 
    Dim TwistForPileA As Integer  'motor7 
    Dim TwistForPileB As Integer  'motor 7 
    Dim TwistForWall As Integer  'motor7 
 
    Dim Floor1 As Integer  'height in cm of brick layer 1 off ground 
    Dim Floor2 As Integer  'height in cm of brick layer 2 off ground 
    Dim Floor3 As Integer  'height in cm of brick layer 3 off ground 
    Dim Floor4 As Integer  'height in cm of brick layer 4 off ground 
    Dim Floor5 As Integer  'height in cm of brick layer 5 off ground 
    Dim Floor6 As Integer  'height in cm of brick layer 6 off ground 
    Dim Brick1 As Integer  'height in cm of brick 1 off robot 
    Dim Brick2 As Integer  'height in cm of brick 2 off robot 
    Dim Brick3 As Integer  'height in cm of brick 3 off robot 
    Dim HoldBrick As Integer  'position of gripper when holding brick 
    Dim DropBrick As Integer  'position of gripper when dropping brick 
    Dim WallDistance As Double  'distance from robot to wall in cm 
    Dim PileADistance As Double  'distance from robot to pilea in cm 
    Dim PileBDistance As Double  'distance from robot to pileb in cm 
    'function to allow program to sleep whilst the robo t grabs or drops a brick 
    Declare  Sub Sleep Lib  "kernel32"  ( ByVal  dwMilliseconds As Long ) 
 
 
    'This sub will set each of the motors intended posi tion to a given value 
    Public  Sub AssignNewPositionNoKinematics( ByVal  PositionName As String )   
 
        If  RobotMoving <> "Stopped"  Then 
            Pause(1) 
            wait() 
        End If 
 
        RobotMoving = PositionName 
        FeedbackBox.Text = RobotMoving 
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        Dim m1, m2, m3, m4, m5, m6, m7 As Integer 
        Select  Case PositionName 
            Case "Drop1" 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToWall 
                m3 = 0 
                m4 = 66 
                m5 = 130 
                m6 = m5 
                m7 = TwistForWall 
            Case "Drop2" 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToWall 
                m3 = 0 
                m4 = 90 
                m5 = 106 
                m6 = m5 
                m7 = TwistForWall 
            Case "Drop3" 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToWall 
                m3 = 0 
                m4 = 108 
                m5 = 84 
                m6 = m5 
                m7 = TwistForWall 
            Case "AboveWall" 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToWall 
                m3 = 21 
                m4 = 165 
                m5 = 33 
                m6 = m5 
                m7 = TwistForWall 
            Case "AboveBricksA" 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileA 
                m3 = 21 
                m4 = 165 
                m5 = 27 
                m6 = m5 
                m7 = TwistForPileA 
            Case "AboveBricksB" 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileB 
                m3 = 21 
                m4 = 165 
                m5 = 27 
                m6 = m5 
                m7 = TwistForPileB 
            Case "BrickA1"  'pile a base 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileA 
                m3 = 21 
                m4 = 145 
                m5 = 89 
                m6 = m5 
                m7 = TwistForPileA 
            Case "BrickA2"  'pile a brick 2 
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                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileA 
                m3 = 21 
                m4 = 165 
                m5 = 69 
                m6 = m5 
                m7 = TwistForPileA 
            Case "BrickB1"  'pile b base 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileB 
                m3 = 21 
                m4 = 139 
                m5 = 92 
                m6 = m5 
                m7 = TwistForPileB 
            Case "BrickB2"  'pile b brick 2 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileB 
                m3 = 21 
                m4 = 165 
                m5 = 65 
                m6 = m5 
                m7 = TwistForPileB 
            Case Else 
                m1 = Motor1.CurrentPosition 
                m2 = AngleToPileA 
                m3 = 51 
                m4 = 8 
                m5 = 7 
                m6 = 7 
                m7 = TwistForPileA 
        End Select 
 
        Motor1.IntendedPosition = m1 
        Motor2.IntendedPosition = m2 
        Motor3.IntendedPosition = m3 
        Motor4.IntendedPosition = m4 
        Motor5.IntendedPosition = m5 
        Motor6.IntendedPosition = m6 
        Motor7.IntendedPosition = m7 
 
        Motor1.MovementsPerSample = (Motor1.Intende dPosition - 
Motor1.CurrentPosition) / 15 
        Motor2.MovementsPerSample = (Motor2.Intende dPosition - 
Motor2.CurrentPosition) / 15 
        Motor3.MovementsPerSample = (Motor3.Intende dPosition - 
Motor3.CurrentPosition) / 15 
        Motor4.MovementsPerSample = (Motor4.Intende dPosition - 
Motor4.CurrentPosition) / 15 
        Motor5.MovementsPerSample = (Motor5.Intende dPosition - 
Motor5.CurrentPosition) / 15 
        Motor6.MovementsPerSample = (Motor6.Intende dPosition - 
Motor6.CurrentPosition) / 15 
        Motor7.MovementsPerSample = (Motor7.Intende dPosition - 
Motor7.CurrentPosition) / 15 
        RobotTimer.Enabled = True 
        wait() 
    End Sub 
    'This sub will set each of the motors intended posi tion to a given value 
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    Public  Sub AssignNewPosition( ByVal  PositionName As String ) 
        RobotMoving = PositionName 
        FeedbackBox.Text = RobotMoving 
        Dim m1, m2, m3, m4, m5, m6, m7 As Integer 
        Select  Case PositionName 
            Case "Drop1" 
                m1 = HoldBrick 
                m2 = AngleToWall 
                InverseKinematics(WallDistance, Flo or1, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForWall 
            Case "Drop2" 
                m1 = HoldBrick 
                m2 = AngleToWall 
                InverseKinematics(WallDistance, Flo or2, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForWall 
            Case "Drop3" 
                m1 = HoldBrick 
                m2 = AngleToWall 
                InverseKinematics(WallDistance, Flo or3, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForWall 
                '            Case "Drop4" 
                '                m1 = HoldBrick 
                '                m2 = AngleToWall 
                '                InverseKinematics(WallDistance, Fl oor4, m5, m4, 
m3) 
                '                m6 = m5 
                '                m7 = TwistForWall 
                '            Case "Drop5" 
                '                m1 = HoldBrick 
                '                m2 = AngleToWall 
                '                InverseKinematics(WallDistance, Fl oor5, m5, m4, 
m3) 
                '                m6 = m5 
                '                m7 = TwistForWall 
                '            Case "Drop6" 
                '                m1 = HoldBrick 
                '                m2 = AngleToWall 
                '                InverseKinematics(WallDistance, Fl oor6, m5, m4, 
m3) 
                '                m6 = m5 
                '                m7 = TwistForWall 
            Case "AboveWall" 
                m1 = HoldBrick 
                m2 = AngleToWall 
                m3 = 51 
                m4 = 8 
                m5 = 7 
                m6 = 7 
                m7 = TwistForWall 
            Case "AboveBricks" 
                m1 = HoldBrick 
                m2 = AngleToPileA 
                m3 = 51 
                m4 = 8 
                m5 = 7 
                m6 = 7 
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                m7 = TwistForPileA 
            Case "BrickA1"  'pile a base 
                m1 = HoldBrick 
                m2 = AngleToPileA 
                InverseKinematics(WallDistance, Bri ck1, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForPileA 
            Case "BrickA2"  'pile a brick 2 
                m1 = HoldBrick 
                m2 = AngleToPileA 
                InverseKinematics(WallDistance, Bri ck2, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForPileA 
            Case "BrickA3"  'pile a brick 3 
                m1 = HoldBrick 
                m2 = AngleToPileA 
                InverseKinematics(WallDistance, Bri ck3, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForPileA 
            Case "BrickB1"  'pile b base 
                m1 = HoldBrick 
                m2 = AngleToPileB 
                InverseKinematics(WallDistance, Bri ck1, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForPileB 
            Case "BrickB2"  'pile b brick 2 
                m1 = HoldBrick 
                m2 = AngleToPileB 
                InverseKinematics(WallDistance, Bri ck2, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForPileB 
            Case "BrickB3"  'pile b brick 3 
                m1 = HoldBrick 
                m2 = AngleToPileB 
                InverseKinematics(WallDistance, Bri ck3, m5, m4, m3) 
                m6 = m5 
                m7 = TwistForPileB 
            Case Else 
                m1 = HoldBrick 
                m2 = AngleToPileA 
                m3 = 51 
                m4 = 8 
                m5 = 7 
                m6 = 7 
                m7 = TwistForPileA 
        End Select 
 
        Motor1.IntendedPosition = m1 
        Motor2.IntendedPosition = m2 
        Motor3.IntendedPosition = m3 
        Motor4.IntendedPosition = m4 
        Motor5.IntendedPosition = m5 
        Motor6.IntendedPosition = m6 
        Motor7.IntendedPosition = m7 
 
        Motor1.MovementsPerSample = (Motor1.Intende dPosition - 
Motor1.CurrentPosition) / 15 
        Motor2.MovementsPerSample = (Motor2.Intende dPosition - 
Motor2.CurrentPosition) / 15 
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        Motor3.MovementsPerSample = (Motor3.Intende dPosition - 
Motor3.CurrentPosition) / 15 
        Motor4.MovementsPerSample = (Motor4.Intende dPosition - 
Motor4.CurrentPosition) / 15 
        Motor5.MovementsPerSample = (Motor5.Intende dPosition - 
Motor5.CurrentPosition) / 15 
        Motor6.MovementsPerSample = (Motor6.Intende dPosition - 
Motor6.CurrentPosition) / 15 
        Motor7.MovementsPerSample = (Motor7.Intende dPosition - 
Motor7.CurrentPosition) / 15 
        RobotTimer.Enabled = True 
        wait() 
    End Sub 
    'close the grabber 
    Public  Sub grab() 
        Pause(2) 
        wait() 
        MoveRobot( "Grab" , HoldBrick) 
        Motor1.CurrentPosition = HoldBrick 
        BricksOnRobot = BricksOnRobot - 1 
         
        'Sleep(1000) 
    End Sub 
    'open the grabber 
    Public  Sub drop() 
        MoveRobot( "Grab" , DropBrick) 
        Motor1.CurrentPosition = DropBrick 
 
        Pause(1) 
        wait() 
        'Sleep(1000) 
    End Sub 
    'gets the next brick or asks the user to reload 
    Public  Sub GetNextBrick() 
        'choose position 
        Select  Case BricksOnRobot 
            Case 0 
                MsgBox( "Please ensure the robot is fully loaded then press  the blue 
button" ) 
                If  BricksOnRobot = 0 Then 
                    Advice.Text = "Please reload the robot then press the blue 
button" 
                    While  (BricksOnRobot = 0) 
                        'allow windows to process other events whilst waiti ng 
                        Advice.Text = "Please reload" 
                        System.Windows.Forms.Applic ation.DoEvents() 
                    End While 
                    Advice.Text = "" 
                    GetNextBrick() 
                    Exit  Sub 
                End If 
            Case 1 
                AssignNewPositionNoKinematics( "AboveBricksB" ) 
                wait() 
                AssignNewPositionNoKinematics( "BrickB2" ) 
                wait() 
                AssignNewPositionNoKinematics( "BrickB1" ) 
                wait() 
                'grab brick 
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                grab() 
                wait() 
                AssignNewPositionNoKinematics( "BrickB2" ) 
                wait() 
                AssignNewPositionNoKinematics( "AboveBricksB" ) 
            Case 2 
                AssignNewPositionNoKinematics( "AboveBricksB" ) 
                wait() 
                AssignNewPositionNoKinematics( "BrickB2" ) 
                'grab brick 
                wait() 
                grab() 
                wait() 
                AssignNewPositionNoKinematics( "AboveBricksB" ) 
            Case 3 
                AssignNewPositionNoKinematics( "AboveBricksA" ) 
                wait() 
                AssignNewPositionNoKinematics( "BrickA2" ) 
                wait() 
                AssignNewPositionNoKinematics( "BrickA1" ) 
                wait() 
                grab() 
                wait() 
                AssignNewPositionNoKinematics( "BrickA2" ) 
                wait() 
                AssignNewPositionNoKinematics( "AboveBricksA" ) 
            Case 4 
                AssignNewPositionNoKinematics( "AboveBricksA" ) 
                wait() 
                AssignNewPositionNoKinematics( "BrickA2" ) 
                wait() 
                grab() 
                wait() 
                AssignNewPositionNoKinematics( "AboveBricksA" ) 
            Case Else 
                MsgBox( "There are only 4 brick in the source pile" ) 
        End Select 
         
        'go to safe position 
        AssignNewPositionNoKinematics( "Safe" ) 
    End Sub 
    'lay a brick at the given height 
    Public  Sub LayBrick( ByVal  Height As Integer ) 
        Select  Case Height 
            Case 0 
                MsgBox( "Cannot lay a brick at level zero" ) 
            Case 1 
                AssignNewPositionNoKinematics( "Drop1" ) 
            Case 2 
                AssignNewPositionNoKinematics( "Drop2" ) 
            Case 3 
                AssignNewPositionNoKinematics( "Drop3" ) 
            Case 4 
                AssignNewPositionNoKinematics( "Drop4" ) 
            Case 5 
                AssignNewPositionNoKinematics( "Drop5" ) 
            Case 6 
                AssignNewPositionNoKinematics( "Drop6" ) 
            Case Else 
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                MsgBox( "Cannot build higher than 6 bricks high" ) 
        End Select 
        drop() 
        AssignNewPositionNoKinematics( "Safe" ) 
    End Sub 
    'Outputs all the variables to the display 
    Private  Sub RefreshOutput() 
        'display robots speed 
        TextBox12.Text = Motor1.MovementsPerSample 
        TextBox11.Text = Motor2.MovementsPerSample 
        TextBox9.Text = Motor3.MovementsPerSample 
        TextBox10.Text = Motor4.MovementsPerSample 
        TextBox8.Text = Motor5.MovementsPerSample 
        TextBox7.Text = Motor7.MovementsPerSample 
 
        Label41.Text = BricksOnRobot 
        Label35.Text = RobotDriving 
        Label33.Text = RobotMoving 
        If  FrontTouchSensor = -1 Then 
            FrontCollisionStatus.Text = "Clear" 
        Else 
            FrontCollisionStatus.Text = "Collision" 
            crash() 
        End If 
        If  RearTouchSensor = -1 Then 
            RearCollisionStatus.Text = "Clear" 
        Else 
 
            RearCollisionStatus.Text = "Collision" 
            crash() 
        End If 
        If  LineSensor = -1 Then 
            TrackSensorStatus.Text = "Black" 
        Else 
            TrackSensorStatus.Text = "White" 
        End If 
        TextBox1.Text = Motor1.CurrentPosition 
        TextBox2.Text = Motor2.CurrentPosition 
        TextBox3.Text = Motor3.CurrentPosition 
        TextBox4.Text = Motor4.CurrentPosition 
        TextBox5.Text = Motor5.CurrentPosition 
        TextBox6.Text = Motor7.CurrentPosition 
        CalculateFuzzyVoltage(DriveDistance * 10, S howMotorSpeed.Text) 
        MovementStatus.Text = DriveDirection 
    End Sub 
    'initialises settings and moves robot to origin 
    Private  Sub DoStartUp() 
        BrickInterval = 5 
        WaitingTime = 0 
        MaxWallLength = 5 
        MaxWallHeight = 3 
        AngleToPileA = 58 'motor2 
        AngleToPileB = 190 
        AngleToWall = 2 
        TwistForWall = 187 
        TwistForPileA = 100 
        TwistForPileB = 50 
        Floor1 = -6 
        Floor2 = -5 
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        Floor3 = -4 
        Floor4 = -3 
        Floor5 = -2 
        Floor6 = -1 
        Brick1 = 2 
        Brick2 = 3 
        Brick3 = 4 
        PileADistance = 5 
        PileBDistance = 5 
        WallDistance = 5 
        HoldBrick = 101 
        DropBrick = 180 
        Alternator = 0 
        BricksOnRobot = 4 
        CardComPort = 0 
        RobotComPort = 4 
        InitialiseMotors() 
 
        ConnectToRobot( False ) 
        ConnectToControllerBoard( False ) 
        ConnectToRobot( True ) 
        ConnectToControllerBoard( True ) 
        RobotMoving = "Stopped" 
        RobotDriving = "Stopped" 
 
    End Sub 
    Public  Sub MoveToOrigin() 
        'drive to origin 
        RobotDriving = "Origin" 
        MoveCar(100, "Reverse" ) 
 
        'move to origin 
        RobotMoving = "To Origin" 
        AssignNewPositionNoKinematics( "Safe" ) 
         
        'wait till robot is in the origin position 
        wait() 
    End Sub 
    'This sub routine will move all motors on the robot  by one sample 
    Private  Sub RefreshRobotPosition() 
        'If the robot is turning, sound the alarm 
        If  Motor7.CurrentPosition <> Motor7.IntendedPosition Then 
            AlarmTimer.Enabled = True 
        Else 
            AlarmTimer.Enabled = False 
            ClearDigitalChannel(7) 
 
        End If 
 
        'if the motor is at the intended position - ie it i s within range of the 
end then 
        'stop make the current position equal the inteded a nd make movements zero 
        'this applies to all motors 
 
        Dim tempvalue As Integer 
        Dim Range As Integer 
        Range = 10 
 
        'if motor 1 is within range of end point, make it e qual end 
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        tempvalue = Motor1.CurrentPosition - Motor1 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor1.CurrentPosition = Motor1.Intende dPosition 
            Motor1.MovementsPerSample = 0 
        Else 
            Motor1.CurrentPosition = Motor1.Current Position + 
Motor1.MovementsPerSample 
        End If 
 
        'if motor 2 is within range of end point, make it e qual end 
        tempvalue = Motor2.CurrentPosition - Motor2 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor2.CurrentPosition = Motor2.Intende dPosition 
            Motor2.MovementsPerSample = 0 
        Else 
            Motor2.CurrentPosition = Motor2.Current Position + 
Motor2.MovementsPerSample 
        End If 
        'if motor 3 is within range of end point, make it e qual end 
        tempvalue = Motor3.CurrentPosition - Motor3 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor3.CurrentPosition = Motor3.Intende dPosition 
            Motor3.MovementsPerSample = 0 
        Else 
            Motor3.CurrentPosition = Motor3.Current Position + 
Motor3.MovementsPerSample 
        End If 
        'if motor 4 is within range of end point, make it e qual end 
        tempvalue = Motor4.CurrentPosition - Motor4 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor4.CurrentPosition = Motor4.Intende dPosition 
            Motor4.MovementsPerSample = 0 
        Else 
            Motor4.CurrentPosition = Motor4.Current Position + 
Motor4.MovementsPerSample 
        End If 
        'if motor 5 is within range of end point, make it e qual end 
        tempvalue = Motor5.CurrentPosition - Motor5 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor5.CurrentPosition = Motor5.Intende dPosition 
            Motor5.MovementsPerSample = 0 
        Else 
            Motor5.CurrentPosition = Motor5.Current Position + 
Motor5.MovementsPerSample 
        End If 
        'if motor 6 is within range of end point, make it e qual end 
        tempvalue = Motor6.CurrentPosition - Motor6 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor6.CurrentPosition = Motor6.Intende dPosition 
            Motor6.MovementsPerSample = 0 
        Else 
            Motor6.CurrentPosition = Motor6.Current Position + 
Motor6.MovementsPerSample 
        End If 
        'if motor 7 is within range of end point, make it e qual end 
        tempvalue = Motor7.CurrentPosition - Motor7 .IntendedPosition 
        If  tempvalue < Range And tempvalue > -Range Then 
            Motor7.CurrentPosition = Motor7.Intende dPosition 
            Motor7.MovementsPerSample = 0 
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        Else 
            Motor7.CurrentPosition = Motor7.Current Position + 
Motor7.MovementsPerSample 
        End If 
 
        
        'Move robot to current position 
        MoveRobot( "Grab" , Motor1.CurrentPosition) 
        MoveRobot( "Rotate Wrist" , Motor2.CurrentPosition) 
        MoveRobot( "Top Lift" , Motor3.CurrentPosition) 
        MoveRobot( "Middle Lift" , Motor4.CurrentPosition) 
        MoveRobot( "Extra Bottom Lift" , Motor6.CurrentPosition) 
        MoveRobot( "Bottom Lift" , Motor5.CurrentPosition) 
        MoveRobot( "Rotate Base" , Motor7.CurrentPosition) 
 
        If  Motor1.MovementsPerSample + Motor2.MovementsPerSam ple + 
Motor3.MovementsPerSample + Motor4.MovementsPerSamp le + Motor5.MovementsPerSample + 
Motor6.MovementsPerSample + Motor7.MovementsPerSamp le = 0 Then 
            Pause(2) 
            RobotTimer.Enabled = False 
        End If 
    End Sub 
    'Sets the waiting time to the value passed 
    Sub Pause( ByVal  WaitFor As Integer ) 
        WaitingTime = WaitFor 
        RobotWaiting.Enabled = True 
    End Sub 
    'will build a wall of the given length and height 
    Public  Sub BuildWall( ByVal  WallLength, ByVal  WallHeight) 
        Dim rows, columns As Integer 
        'for each row of bricks (up to the top row) 
        For  rows = 1 To WallHeight 
            If  WallLength > 0 Then 
                'Move the car to the origin 
                MoveCar(100, "Reverse" ) 
                MoveCar((BrickInterval * rows / 2),  "Forwards" ) 
                For  columns = 1 To WallLength 
                    Progress.Text = "Row "  & rows & " Brick "  & columns 
                    Progress2.Text = WallLength - c olumns + ((WallHeight - rows) * 
WallLength) & " Bricks remaining" 
                    GetNextBrick() 
                    LayBrick(rows) 
                    MoveCar(BrickInterval, "Forwards" ) 
                    Progress.Text = "Row "  & rows & " Brick "  & columns 
                    Progress2.Text = WallLength - c olumns + ((WallHeight - rows) * 
WallLength) & " Bricks remaining" 
                Next 
                WallLength = WallLength - 1 
            End If 
        Next 
        MoveCar(100, "Reverse" ) 
        MsgBox( "Construction Complete" ) 
    End Sub 
    'will stick in an infinate loop until the robot is in the correct position and 
so is the car 
    Sub wait() 
        While  (RobotDriving <> "Stopped" ) 
            Advice.Text = "Waiting for car to arrive at destination" 
            'allow windows to process other events whilst waiti ng 
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            System.Windows.Forms.Application.DoEven ts() 
        End While 
        Advice.Text = "" 
        While  (RobotMoving <> "Stopped" ) 
            Advice.Text = "Waiting for robotic arm to reach its destination" 
            'allow windows to process other events whilst waiti ng 
            System.Windows.Forms.Application.DoEven ts() 
        End While 
 
        Advice.Text = "" 
        While  (BricksOnRobot = 0) 
            Advice.Text = "Waiting to reload" 
            ReloadButton.BackColor = Color.Red 
            ReloadButton.Text = "Please reload then click this button" 
            'TakeSample() 
            'allow windows to process other events whilst waiti ng 
            System.Windows.Forms.Application.DoEven ts() 
        End While 
        Advice.Text = "" 
        'allow other processes to complete 
        System.Windows.Forms.Application.DoEvents()  
        If  WaitingTime <> 0 Then  wait() 
 
    End Sub 
    'Old Inverse kinematics experimental code. This is not used 
    Sub InverseKinematics( ByVal  DesiredDistance As Double , ByVal  DesiredHeight As 
Double , ByRef  Bottom As Integer , ByRef  Middle As Integer , ByRef  Top As Integer )  
<ref>  
        'REFERENCE TO CODE SOURCE:MICROSOFT EXCEL SPREADSHEET 
        'By Hoon Hong (hong@math.ncsu.edu)      
    
        'It solves the problem posed in 
"http://www.lynxmotion.com/ViewPage.aspx?ContentCod e=wanted&CategoryID=54" 
  
 
        'These measurements are in cm 
        Dim RobotHeight, L1L2Avg, ToolLength, ServoRange, Desi redX, DesiredZ, 
AngleFromGround As Double 
 
        RobotHeight = 8.5 'Specifies the distance from the perspex base to th e 
shoulder joint 
        L1L2Avg = 5.8 'Average length of link1 and link2 
        ToolLength = 10.2 'Length from final pivot motor to tool tip 
        DesiredX = DesiredDistance 
        DesiredZ = DesiredHeight 
        AngleFromGround = 270 
        ServoRange = 255 
        'declare variables 
        Dim Xb, X, L3, P, L1, Zb, Z, H, Q, P1, P2, T1, T2, T3,  Pi, S As Double 
 
        'specify inputs 
        L1 = L1L2Avg 'link 1 length 
        H = RobotHeight 'robot height 
        L3 = ToolLength 'tool length 
        X = DesiredX 'desired distance 
        Z = DesiredZ 'desired height 
        P = AngleFromGround 'angle from ground 
        Pi = 3.14159 
        S = ServoRange 
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        'do calculations 
        Xb = (X - L3 * Cos(P * Pi / 180)) / (2 * L1 ) 
        Zb = (Z - H - L3 * Sin(P * Pi / 180)) / (2 * L1) 
        Q = Sqrt(1 / (Xb ^ 2 + Zb ^ 2) - 1) 
        P1 = Atan2(Zb + Q * Xb, Xb - Q * Zb) * 180 / Pi 'This was switched around 
as the Atan2 function is reversed in vb 
        P2 = Atan2(Zb - Q * Xb, Xb + Q * Zb) * 180 / Pi 
        T1 = P1 - 90 
        T2 = P2 - T1 
        T3 = P - P2 
 
        'normalise results 
        T1 = Int(T1 Mod (127) + 127) 
        T2 = Int(T2 Mod (127) + 127) 
        T3 = Int(T3 Mod (127) + 127) 
 
        If  (Abs(T1) > S Or Abs(T2) > S Or Abs(T3) > S) Then  MsgBox( "Impossible due 
to limited servo range!" ) 
        If  (Xb ^ 2 + Zb ^ 2 > 1) Then  MsgBox( "Impossible due to limited arm 
length!" ) 
 
        'output results 
        MsgBox( "Motor 1="  & T1 & " Motor2="  & T2 & " Motor 3="  & T3) 
 
        'Test if the resulting desired position is within r each 
        'If (Xb ^ 2 + Zb ^ 2 > 1) Then 
        ' MsgBox("Impossible due to limited arm length!") 
 
        'Test if the resulting desired position is within m otor limits 
        'ElseIf (Abs(T1) > ServoRange) Or (Abs(T2) > ServoR ange) Or (Abs(T3) > 
ServoRange) Then 
 
        'MsgBox("Impossible due to limited servo range!") 
 
        'If the move is valid move to that position 
        'Else 
        Bottom = T1 
        Middle = T2 
        Top = T3 
        'End If 
    End Sub 
    'Takes the user input and validates it 
    Public  Sub ValidateInput( ByVal  BricksLong As Integer , ByVal  BricksHigh As 
Integer ) 
        If  BricksHigh > MaxWallHeight Then 
            MsgBox( "I cannot build a wall higher than "  & MaxWallHeight & " 
bricks" ) 
        Else 
            If  BricksLong <= MaxWallLength Then 
                If  BricksHigh > BricksLong Then 
                    MsgBox( "The wall must be more bricks long than high" ) 
                Else 
                    BuildWall(BricksLong, BricksHig h) 
                End If 
            Else 
                MsgBox( "I cant build a wall that long. Please specify a va lue up to 
"  & MaxWallLength) 
            End If 
        End If 



��
 ����+�,-�.� ����������	
��
�
�
�	�	���

���	��
�
���
����

��

 ���
���������
�	��

����	
��	���

���	���

�

��4��<&�
��)(�

    End Sub 
    'This will stop the robot from driving into a wall and move it to just outside 
the sensors reach 
    Private  Sub crash() 
        'Commented out to allow testing without the robot p resent 
        If  ControllerBoardStatus.Text = "Connected"  Then 
            If  FrontTouchSensor = False  Then 
                MoveCar(25, "Reverse" ) 
            ElseIf  RearTouchSensor = False  Then 
                MoveCar(1, "Forwards" ) 
                'MsgBox("Rear Crash") 
            Else 
                MoveCar(0, "Stop" ) 
                RobotDriving = "Stopped" 
            End If 
        End If 
    End Sub 
    'Will update global variables and enable the motor timer 
    Sub MoveCar( ByVal  Distance As Integer , ByVal  Direction As String ) 
        RobotDriving = Direction 
        DriveDirection = Direction 
        DriveDistance = Distance 
        MotorSpeedTimer.Enabled = True 
        wait() 
    End Sub 
    'Will power on or off the motor depending on how fa r is remaining 
    Private  Sub MotorSpeedTimer_Tick( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  MotorSpeedTimer.Tick 
        'Every nth call to this function will turn on the m otor and decrease the 
distance 
        If  Alternator = 0 Then 
            'If robot is at target, stop and disable timer 
            If  DriveDistance < 1 Then 
                Drive( "Stop" ) 
                DriveDistance = 0 
                MotorSpeedTimer.Enabled = False 
                RobotDriving = "Stopped" 
            Else  'If distance is still remaining 
                Drive(DriveDirection) 'Drive in the direction 
                DriveDistance = DriveDistance - 1 'And decrease the distance 
            End If 
        Else  'Every call which isnt n, the robot motor will swit ch off 
            Drive( "Stop" ) 
        End If 
        'Increase the count 
        Alternator = Alternator + 1 
        'If the count > n then set alternator to 0 
        If  Alternator > 2 Then 
            Alternator = 0 
        End If 
    End Sub 
    'Set robot position to origin and put in movement c onstraints 
    Sub InitialiseMotors() 
 
        Motor1.CurrentPosition = DropBrick 
        Motor1.IntendedPosition = DropBrick 
        Motor1.LowerLimit = 100 
        Motor1.UpperLimit = 253 
        Motor1.MovementsPerSample = 0 
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        Motor2.CurrentPosition = AngleToPileA 
        Motor2.IntendedPosition = AngleToPileA 
        Motor2.LowerLimit = 0 
        Motor2.UpperLimit = 253 
        Motor2.MovementsPerSample = 0 
 
        Motor3.CurrentPosition = 51 
        Motor3.IntendedPosition = 51 
        Motor3.LowerLimit = 0 
        Motor3.UpperLimit = 253 
        Motor3.MovementsPerSample = 0 
 
        Motor4.CurrentPosition = 7 
        Motor4.IntendedPosition = 7 
        Motor4.LowerLimit = 0 
        Motor4.UpperLimit = 253 
        Motor4.MovementsPerSample = 0 
 
        Motor5.CurrentPosition = 8 
        Motor5.IntendedPosition = 8 
        Motor5.LowerLimit = 0 
        Motor5.UpperLimit = 253 
        Motor5.MovementsPerSample = 0 
 
        Motor6.CurrentPosition = 8 
        Motor6.IntendedPosition = 8 
        Motor6.LowerLimit = 0 
        Motor6.UpperLimit = 253 
        Motor6.MovementsPerSample = 0 
 
        Motor7.CurrentPosition = TwistForPileA 
        Motor7.IntendedPosition = TwistForPileA 
        Motor7.LowerLimit = 0 
        Motor7.UpperLimit = 253 
        Motor7.MovementsPerSample = 0 
 
    End Sub 
    'Will turn on or off the motor which drives the car  
    Private  Sub Drive( ByVal  Direction As String ) 
        'output the command to the user 
        MovementStatus.Text = Direction 
        Select  Case Direction 
            Case "Reverse" 
                'Output sequence to drive backwards 
                OutputAnalogChannel(1, 0) 
                OutputAnalogChannel(2, 210) 
                ClearDigitalChannel(8) 
            Case "Forwards" 
                'Output sequence to drive forwards 
                OutputAnalogChannel(1, 210) 
                OutputAnalogChannel(2, 0) 
                ClearDigitalChannel(8) 
            Case "Stop" 
                'Turn off the motor 
                SetDigitalChannel(8) 
                OutputAnalogChannel(1, 0) 
                OutputAnalogChannel(2, 0) 
        End Select 
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    End Sub 
    'When the alarm timer ticks, this sub will either t urn on or off the buzzer 
    Private  Sub AlarmTimer_Tick( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  AlarmTimer.Tick 
        If  AlarmOn = True  Then 
            ClearDigitalChannel(7) 
            AlarmOn = False 
        Else 
 
            SetDigitalChannel(7) 
            AlarmOn = True 
        End If 
    End Sub 
    'This sub routine will move the specified joint nam e to the specified position. 
    Private  Sub MoveRobot( ByVal  JointName As String , ByVal  Position As Integer ) 
        On Error  GoTo Err_MoveRobot 
 
        'declare byte for data to be stored 
        Dim OutData(2) As Byte 
 
        'Convert the motor name to the corresponding number  
        Dim MotorNumber As Integer 
        Select  Case JointName 
            Case "Rotate Base" 
                MotorNumber = 6 
            Case "Bottom Lift" 
                MotorNumber = 5 
            Case "Extra Bottom Lift" 
                MotorNumber = 4 
            Case "Middle Lift" 
                MotorNumber = 3 
            Case "Top Lift" 
                MotorNumber = 2 
            Case "Rotate Wrist" 
                MotorNumber = 1 
            Case "Grab" 
                MotorNumber = 0 
        End Select 
 
        'check to see if the movement is within the constra ints of the machine 
        SafetyCheck(MotorNumber, Position) 
        If  SafeDecision = True  Then 
            'standard marker 
            OutData(0) = &HFFS '  µÚÒ»Byte£º·¢ËÍÍ¬²½ÐÅºÅ (¹Ì¶¨ÎªÊ®Áù½øÖÆFF) ¸ø 
            'motor number 
            OutData(1) = MotorNumber '  µÚ¶þByte£ºÑ¡ÔñËÅ·þÂí´ïÐòºÅ£¨0µ½16£© 
            'position 
            OutData(2) = CByte (Position) '  
µÚÈýByte£º°ÑËÅ·þÂí´ïµÄÎ»ÖÃÊýÖµ·¢ËÍµ½¿ØÖÆ°å 
            'output to com port 
            MSComm1.Output = OutData 'VB6.CopyArray(OutData) '  
°ÑÊý¾ÝÍ¨¹ý´®¿Ú·¢ËÍ³öÈ¥ 
        Else 
            'warn the user about the bad command 
            Advice.Text = "This is not a wise idea! You will dammage the robo tic 
arm! Please step away from the computer!" 
        End If 
 
Exit_MoveRobot: 
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        Exit  Sub 
 
Err_MoveRobot: 
        If  Err.Description = "Exception from HRESULT: 0x800A1F52"  Then 
            RoboticArmStatus.Text = "Not Connected" 
 
        Else 
            FeedbackBox.Text = Err.Description 
 
        End If 
        GoTo Exit_MoveRobot 
    End Sub 
    'This is used to ensure the robot cannot be moved i nto a position which will 
cause damage 
    Private  Sub SafetyCheck( ByVal  MotorNumber As Integer , ByVal  IntendedPosition As 
Integer ) 
        SafeDecision = False 
        'MsgBox("Attempting to move " & MotorNumber & " to " & IntendedPosition) 
        Select  Case MotorNumber 
            Case 0 
                If  IntendedPosition > Motor1.LowerLimit And IntendedPosition < 
Motor1.UpperLimit Then 
                    SafeDecision = True 
                End If 
            Case 1 
                If  IntendedPosition > Motor2.LowerLimit And IntendedPosition < 
Motor2.UpperLimit Then 
                    SafeDecision = True 
                End If 
            Case 2 
                If  IntendedPosition > Motor3.LowerLimit And IntendedPosition < 
Motor3.UpperLimit Then 
                    SafeDecision = True 
                End If 
            Case 3 
                If  IntendedPosition > Motor4.LowerLimit And IntendedPosition < 
Motor4.UpperLimit Then 
                    SafeDecision = True 
                End If 
            Case 4 
                If  IntendedPosition > Motor5.LowerLimit And IntendedPosition < 
Motor5.UpperLimit Then 
                    SafeDecision = True 
                End If 
            Case 5 
                If  IntendedPosition > Motor6.LowerLimit And IntendedPosition < 
Motor6.UpperLimit Then 
                    SafeDecision = True 
                End If 
            Case 6 
                If  IntendedPosition > Motor7.LowerLimit And IntendedPosition < 
Motor7.UpperLimit Then 
                    SafeDecision = True 
                End If 
        End Select 
    End Sub 
    'This will exit the program when the user clicks ok  to confirm 
    Private  Sub ExitToolStripMenuItem_Click( ByVal  sender As System.Object, ByVal  e 
As System.EventArgs) Handles  ExitToolStripMenuItem.Click 
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        If  MsgBox( "Are you sure you wish to exit the program" , MsgBoxStyle.YesNo, 
"Exit Software" ) = MsgBoxResult.Yes Then 
            End 
        End If 
    End Sub 
    'This will call the take sample function every time  the controller board timer 
ticks 
    Private  Sub ControllerBoardTimer_Tick( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  ControllerBoardTimer.Tick 
        TakeSample() 
    End Sub 
    'Disconnects the robot arm and the controller board  then re initialise 
    Private  Sub ResetToDefaultsToolStripMenuItem_Click( ByVal  sender As 
System.Object, ByVal  e As System.EventArgs) Handles  
ResetToDefaultsToolStripMenuItem.Click 
        ConnectToRobot( False ) 
        ConnectToControllerBoard( False ) 
        DoStartUp() 
    End Sub 
    'Will connect to or dis connect from the robot 
    Private  Sub ConnectToRobot( ByVal  Connection As Boolean ) 
        On Error  GoTo Err_ConnectToRobot 
        Advice.Text = "" 
 
        'if a connection is requested 
        If  Connection = True  Then 
            RoboticArmStatus.Text = "Attempting to connect to robotic arm" 
            'Close port if its allready open 
            If  MSComm1.PortOpen Then 
                MSComm1.PortOpen = False 
            End If 
            'Input com port settings from manufacturer 
            MSComm1.Settings = "9600,N,8,1"  ' ²¨ÌØÂÊ=9600, Ã»ÓÐÐ£Ñé, 8Î»Êý¾Ý, 1 
bitÍ£Ö¹Î»¡£ 
            MSComm1.CommPort = RobotComPort 
            'Connect 
            MSComm1.PortOpen = True 
            RoboticArmStatus.Text = "Conntected" 
 
        Else 
            RoboticArmStatus.Text = "Attempting to disconnect from robotic arm" 
            MSComm1.PortOpen = False 
            RoboticArmStatus.Text = "Not Conntected" 
        End If 
Exit_ConnectToRobot: 
        Exit  Sub 
Err_ConnectToRobot: 
        'MsgBox("Error Connecting to Robot: " & Err.Descrip tion) 
        Select  Case Err.Description 
            Case "Exception from HRESULT: 0x800A1F4C" 
                FeedbackBox.Text = "Cannot Disconnect: Port not active" 
                Advice.Text = "You should check the robotic arm has power, and a 
good connection to the computer" 
 
            Case "Exception from HRESULT: 0x800A1F52" 
 
                RoboticArmStatus.Text = "Not Connected" 
                Advice.Text = "Connect the robot and re-establish the connection"  
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            Case "Exception from HRESULT: 0x800A1F42" 
                Advice.Text = "You should check the robotic arm has power, and a 
good connection to the computer" 
                FeedbackBox.Text = "Cannot Connect: Port not active" 
            Case Else 
                FeedbackBox.Text = Err.Description 
        End Select 
 
        Resume Exit_ConnectToRobot 
    End Sub 
    'Will connect to or disconnect from the controller board 
    Private  Sub ConnectToControllerBoard( ByVal  Connection As Boolean ) 
        On Error  GoTo Err_ConnectToControllerBoard 
        If  Connection = True  Then 
            ControllerBoardStatus.Text = "Attempting to connect to Controller 
Board" 
            Dim Feedback As Integer 
            Feedback = OpenDevice(CardComPort) 
            Select  Case Feedback 
                Case 0, 1, 2, 3 
                    ControllerBoardStatus.Text = "Connected" 
                Case -1 
                    ControllerBoardStatus.Text = "Not Connected" 
                Case -2 
                    ControllerBoardStatus.Text = "K8055E"  + Mid(Str(CardComPort), 
2, 1) + ".EXE not found" 
            End Select 
            If  Feedback >= 0 Then  ControllerBoardTimer.Enabled = True 
        Else 
            ControllerBoardStatus.Text = "Attempting to disconnect from Controller 
Board" 
            CloseDevice() 
            ControllerBoardStatus.Text = "Not Connected" 
        End If 
Exit_ConnectToControllerBoard: 
        Exit  Sub 
Err_ConnectToControllerBoard: 
        MsgBox( "Error Connectiong to Controller Board: "  & Err.Description) 
        Resume Exit_ConnectToControllerBoard 
    End Sub 
    'When connect to controller board is selected from the menu 
    Private  Sub ConnectToolStripMenuItem1_Click( ByVal  sender As System.Object, 
ByVal  e As System.EventArgs) Handles  ConnectToolStripMenuItem1.Click 
        ConnectToControllerBoard( True ) 
    End Sub 
    'When disconnect from controller board is selected from the menu 
    Private  Sub DisconnectToolStripMenuItem1_Click( ByVal  sender As System.Object, 
ByVal  e As System.EventArgs) Handles  DisconnectToolStripMenuItem1.Click 
        ConnectToControllerBoard( False ) 
    End Sub 
    'When connect to robot is selected from the menu 
    Private  Sub ConnectToolStripMenuItem_Click( ByVal  sender As System.Object, ByVal  
e As System.EventArgs) Handles  ConnectToolStripMenuItem.Click 
        ConnectToRobot( True ) 
    End Sub 
    'When disconnect from robot is selected from the me nu 
    Private  Sub DisconnectToolStripMenuItem_Click( ByVal  sender As System.Object, 
ByVal  e As System.EventArgs) Handles  DisconnectToolStripMenuItem.Click 
        ConnectToRobot( False ) 
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    End Sub 
    'Reads all inputs and saves them to variables 
    Private  Sub TakeSample() 
        FrontTouchSensor = ReadDigitalChannel(3) 
        RearTouchSensor = ReadDigitalChannel(4) 
        LineSensor = ReadDigitalChannel(5) 
        'channel 2 is emergency stop 
        'BlueButtonPressed = ReadDigitalChannel(1) 
        RefreshOutput() 
    End Sub 
    'This is the code which runs when the program loads  
    Public  Sub New() 
        ' This call is required by the Windows Form Designe r. 
        InitializeComponent() 
        ' Run my start up procedure to reset the robot to a n origin 
        DoStartUp() 
    End Sub 
    'Calculates the truth of a each statement 
    Private  Sub GetFuzzyValue( ByRef  x As Integer , ByRef  TemporaryFuzzyValue As 
FuzzyInputTable) 
        If  x < 20 Then 
            'Only Lower input is true 
            TemporaryFuzzyValue.LowerMembership = 1  - 0.05 * x 
            TemporaryFuzzyValue.MiddleMembership = 0 
            TemporaryFuzzyValue.UpperMembership = 0  
        ElseIf  x < 40 Then 
            'Lower input drops to 0 over period of 20 values 
            'middle input rises to 1 over period of 20 values 
            TemporaryFuzzyValue.LowerMembership = 1  - 0.05 * (x - 20) 
            TemporaryFuzzyValue.MiddleMembership = 0.05 * (x - 20) 
            TemporaryFuzzyValue.UpperMembership = 0  
        ElseIf  x < 60 Then 
            'only the middle input is 1 
            TemporaryFuzzyValue.LowerMembership = 0  
            TemporaryFuzzyValue.MiddleMembership = 1 
            TemporaryFuzzyValue.UpperMembership = 0  
 
        ElseIf  x < 80 Then 
            'Middle input drops to 0 over period of 20 values 
            'Upper input rises to 1 over period of 20 values 
            TemporaryFuzzyValue.LowerMembership = 0  
            TemporaryFuzzyValue.MiddleMembership = 1 - 0.05 * (x - 60) 
            TemporaryFuzzyValue.UpperMembership = 0 .05 * (x - 60) 
        Else 
            'only the upper input is 1 
            TemporaryFuzzyValue.LowerMembership = 0  
            TemporaryFuzzyValue.MiddleMembership = 0 
            TemporaryFuzzyValue.UpperMembership = 1  
        End If 
 
    End Sub 
    'calculates the output voltage dependent on distanc e remaining 
    Private  Sub CalculateFuzzyVoltage( ByVal  DistanceRemaining As Integer , ByRef  
OutputVoltage As Integer ) 
        Dim Speed As FuzzyInputTable 
        Dim Distance As FuzzyInputTable 
        GetFuzzyValue(DistanceRemaining, Speed) 
        GetFuzzyValue(DistanceRemaining, Distance) 
        SpdSlow.Text = Speed.LowerMembership 
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        SpdMed.Text = Speed.MiddleMembership 
        SpdFast.Text = Speed.UpperMembership 
        DistClose.Text = Distance.LowerMembership 
        DistMed.Text = Distance.MiddleMembership 
        DistFar.Text = Distance.UpperMembership 
        Dim Numerator As Integer 
        Dim Denominator As Integer 
        Dim AreaSlow As Integer  = 60 * Speed.LowerMembership 
        Dim AreaMed As Integer  = 40 * Speed.MiddleMembership 
        Dim AreaFast As Integer  = 60 * Speed.UpperMembership 
 
        Numerator = AreaSlow * 1 + AreaMed * 50 + ( AreaFast * 100) 
        Denominator = 150 
        'MsgBox(Numerator.ToString + " / " + Denominator.To String + " Slow " + 
AreaSlow.ToString + " Med " + AreaMed.ToString + " Fast " + AreaFast.ToString) 
 
        If  DistanceRemaining = 0 Then 
            OutputVoltage = 0 
        Else 
            OutputVoltage = (Numerator / Denominato r) ' - 1 
        End If 
    End Sub 
    'Shows my carreer page on my website in a new windo w 
    Private  Sub MyCarreerToolStripMenuItem_Click( ByVal  sender As System.Object, 
ByVal  e As System.EventArgs) Handles  MyCarreerToolStripMenuItem.Click 
        WebBrowser.Show() 
    End Sub 
    'show the about window 
    Private  Sub AboutThisProgramToolStripMenuItem_Click( ByVal  sender As 
System.Object, ByVal  e As System.EventArgs) Handles  
AboutThisProgramToolStripMenuItem.Click 
        About.Show() 
    End Sub 
    'show a message box with some instructions 
    Private  Sub HelpToolStripMenuItem_Click( ByVal  sender As System.Object, ByVal  e 
As System.EventArgs) Handles  HelpToolStripMenuItem.Click 
        MsgBox( "To build a wall manually, "  & Chr(13) & Chr(13) _ 
              & "      Press the buttons in the manual control box as needed"  & 
Chr(13) & Chr(13) _ 
              & "To build a wall automatically,"  & Chr(13) & Chr(13) _ 
              & "      Enter the wall dimensions into the automated  build box and 
click build" ) 
    End Sub 
    'every time the robot timer ticks, update the robot  position 
    Private  Sub RobotTimer_Tick( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  RobotTimer.Tick 
        RefreshRobotPosition() 
    End Sub 
    'Manual Control, Get Next Brick 
    Private  Sub Button1_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button1.Click 
        AssignNewPositionNoKinematics( "BrickA2" ) 
    End Sub 
    'Manual Control, Go to safe position 
    Private  Sub Button10_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button10.Click 
        AssignNewPositionNoKinematics( "Safe" ) 
    End Sub 
    'Manual Control, lay brick at specified height 



��
 ����+�,-�.� ����������	
��
�
�
�	�	���

���	��
�
���
����

��

 ���
���������
�	��

����	
��	���

���	���

�

��4��<)�
��)(�

    Private  Sub Button3_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button3.Click 
        drop() 
    End Sub 
    'reset the car to the origin position 
    Private  Sub Button2_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button2.Click 
        MoveToOrigin() 
    End Sub 
 
    'Manual Control Button 
    Private  Sub ForwardsMotor_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  ForwardsMotor.Click 
        MoveCar(InputBox( "Enter Distance to travel forwards. Please note, th is is 
in intervals, not bricks." , , BrickInterval), "Forwards" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub ReverseMotor_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  ReverseMotor.Click 
        MoveCar(InputBox( "Enter Distance to travel backwards. Please note, t his is 
in intervals, not bricks." , , BrickInterval), "Reverse" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub StopMotor_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  StopMotor.Click 
        MoveCar(0, "Stop" ) 
    End Sub 
    'This button resets the brick count on the robot to  4 
    Private  Sub ReloadButton_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  ReloadButton.Click 
        BricksOnRobot = 4 
        ReloadButton.Text = "I'm not empty! If you want to load me up anyway, 
please click the button" 
        ReloadButton.BackColor = Color.Empty 
    End Sub 
    'Take user build coordinates and validate it is wit hin the constraints of the 
machine 
    Private  Sub Button4_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button4.Click 
        ValidateInput(TextBox13.Text, TextBox14.Tex t) 
    End Sub 
    'Decrease waiting time on each tick 
    Private  Sub RobotWaiting_Tick( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  RobotWaiting.Tick 
        If  WaitingTime > 0 Then 
            WaitingTime = WaitingTime - 1 
            RobotMoving = "Waiting" 
        Else 
            RobotMoving = "Stopped" 
            RobotWaiting.Enabled = False 
        End If 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button6_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button6.Click 
        AssignNewPositionNoKinematics( "BrickA1" ) 
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    End Sub 
 
    'Manual Control Button 
    Private  Sub Button7_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button7.Click 
        AssignNewPositionNoKinematics( "BrickB2" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button8_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button8.Click 
        AssignNewPositionNoKinematics( "BrickB1" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button9_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button9.Click 
        AssignNewPositionNoKinematics( "AboveBricks" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button5_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button5.Click 
        grab() 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button11_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button11.Click 
        AssignNewPositionNoKinematics( "AboveWall" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button12_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) 
        AssignNewPositionNoKinematics( "Drop4" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button17_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button17.Click 
        AssignNewPositionNoKinematics( "Safe" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button16_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button16.Click 
        AssignNewPositionNoKinematics( "AboveWall" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button15_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button15.Click 
        AssignNewPositionNoKinematics( "Drop1" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button14_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button14.Click 
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        AssignNewPositionNoKinematics( "Drop2" ) 
    End Sub 
 
    'Manual Control Button 
    Private  Sub Button13_Click( ByVal  sender As System.Object, ByVal  e As 
System.EventArgs) Handles  Button13.Click 
        AssignNewPositionNoKinematics( "Drop3" ) 
    End Sub 
End Class 
�
�
�
�


