ELEC 200 — Fall 2007

Answers for Assignment 2

% == Question 1 (a,b) ==========================================================

% ------------------------------------------------------------------------------

% FindTransformCol - Determine the transform which takes the first given line

%   into the second goven line.

%   Written by Bernie Till.  Last modified 03 Sep 2007.

%

% Call: A = FindTransformCol(L1, L2)

% Args: L1 = 2x2 matrix giving the first line, with points in columns

%       L2 = 2x2 matrix giving the second line, with points in columns

% Rtns: A = 2x2 matrix that will transform L1 into L2

% ------------------------------------------------------------------------------

function A = FindTransformCol(L1, L2);

  if any(size(L1) ~= [2 2]) || any(size(L2) ~= [2 2])

    error('arguments must be 2x2 matrices');

  end

  A = L2 * inv(L1);

end

% -- end of m-file -------------------------------------------------------------

>> % define the two lines with points in columns
>> L1 = [3, 6; 2, -1], L2 = [5, 4; 6, 2]

L1 =

     3     6

     2    -1

L2 =

     5     4

     6     2

>> % find the transform
>> A = FindTransformCol(L1, L2)

A =

    0.8667    1.2000

    0.6667    2.0000

>> % inspect the result of applying the transform to L1
>> A * L1

ans =

    5.0000    4.0000

    6.0000    2.0000

>> % compare the result to L2
>> any(any(abs(A * L1 - L2) > eps))

ans =

     0

% == Question 1 (c,d) ==========================================================

% ------------------------------------------------------------------------------

% FindTransformRow - Determine the transform which takes the first given line

%   into the second goven line.

%   Written by Bernie Till.  Last modified 03 Sep 2007.

%

% Call: A = FindTransformRow(L1, L2)

% Args: L1 = 2x2 matrix giving the first line, with points in rows

%       L2 = 2x2 matrix giving the second line, with points in rows

% Rtns: A = 2x2 matrix that will transform L1 into L2

% ------------------------------------------------------------------------------

function A = FindTransformRow(L1, L2);

  if any(size(L1) ~= [2 2]) || any(size(L2) ~= [2 2])

    error('arguments must be 2x2 matrices');

  end

  A = inv(L1) * L2;

end

% -- end of m-file -------------------------------------------------------------

>> % find the transform with lines defined by points in rows
>> B = FindTransformRow(L1', L2')

B =

    0.8667    0.6667

    1.2000    2.0000

>> % inspect the result of applying the transform to L1
>> L1' * B

ans =

    5.0000    6.0000

    4.0000    2.0000

>> % compare the result to L2
>> any(any(abs(L1' * B - L2') > eps))

ans =

     0

>> % compare the transpose of the first result to the second result
>> any(any(abs(A' - B) > eps))

ans =

     0

% == Question 2 (a,b) ==========================================================

% ------------------------------------------------------------------------------

% CompoundTransformCol - Accepts an arbitrary number of 2x2 transform matrices

%   and constructs the 2x2 transform matrix which is equivalent to applying the

%   given transforms in the given order, assuming that points are represented by

%   column vectors.

%   Written by Bernie Till.  Last modified 15 Sep 2007.

%

% Call: T = CompoundTransformCol(A, B, C, ...)

% Args: A, B, C, ... are 2x2 transform matrices

% Rtns: T - 2x2 matrix which is the correctly ordered product of the arguments

% ------------------------------------------------------------------------------

function T = CompoundTransformCol(varargin)

  if length(varargin) < 1, error('must have at least 1 parameter'); end
  T = eye(2);

  for k = 1:length(varargin)

    if any(size(varargin{k}) ~= [2 2]), error('parameters must be 2x2'); end
    T = varargin{k} * T;

  end

end

% -- end of m-file -------------------------------------------------------------

>> % define the four transform matrices
>> A = [3 0; 0 2], B = [1 1/2; 0 1], C = [0 -1; -1 0], D = [2 -2; 2 2]

A =

     3     0

     0     2

B =

    1.0000    0.5000

         0    1.0000

C =

     0    -1

    -1     0

D =

     2    -2

     2     2

>> % inspect the products indicated in the question
>> A, B * A, C * B * A, D * C * B * A

A =

     3     0

     0     2

ans =

     3     1

     0     2

ans =

     0    -2

    -3    -1

ans =

     6    -2

    -6    -6

>> % inspect the results of using the function to calculate the products
>> % and compare the results to the directly calculated products
>> CompoundTransformCol(A)

ans =

     3     0

     0     2

>> any(any(abs(CompoundTransformCol(A) - A) > eps))

ans =

     0

>> CompoundTransformCol(A,B)

ans =

     3     1

     0     2

>> any(any(abs(CompoundTransformCol(A,B) - B * A) > eps))

ans =

     0

>> CompoundTransformCol(A,B,C)

ans =

     0    -2

    -3    -1

>> any(any(abs(CompoundTransformCol(A,B,C) - C * B * A) > eps))

ans =

     0

>> any(any(abs(CompoundTransformCol(A,B,C,D) - D * C * B * A) > eps))

ans =

     0

% == Question 2 (c,d) ==========================================================

% ------------------------------------------------------------------------------

% CompoundTransformRow - Accepts an arbitrary number of 2x2 transform matrices

%   and constructs the 2x2 transform matrix which is equivalent to applying the

%   given transforms in the given order, assuming that points are represented by

%   row vectors.

%   Written by Bernie Till.  Last modified 15 Sep 2007.

%

% Call: T = CompoundTransformRow(A, B, C, ...)

% Args: A, B, C, ... are 2x2 transform matrices

% Rtns: T - 2x2 matrix which is the correctly ordered product of the arguments

% ------------------------------------------------------------------------------

function T = CompoundTransformRow(varargin)

  if length(varargin) < 1, error('must have at least 1 parameter'); end
  T = eye(2);

  for k = 1:length(varargin)

    if any(size(varargin{k}) ~= [2 2]), error('parameters must be 2x2'); end
    T = T * varargin{k};

  end

end

>> % redefine the four matrices to operate on row vectors from the right
>> A = A', B = B', C = C', D = D'

A =

     3     0

     0     2

B =

    1.0000         0

    0.5000    1.0000

C =

     0    -1

    -1     0

D =

     2     2

    -2     2

>> % inspect the products indicated in the question
>> A, A * B, A * B * C, A * B * C * D

A =

     3     0

     0     2

ans =

     3     0

     1     2

ans =

     0    -3

    -2    -1

ans =

     6    -6

    -2    -6

>> % inspect the results of using the function to calculate the products
>> % and compare the results to the directly calculated products
>> CompoundTransformRow(A)

ans =

     3     0

     0     2

>> any(any(abs(CompoundTransformRow(A) - A) > eps))

ans =

     0

>> CompoundTransformRow(A,B)

ans =

     3     0

     1     2

>> any(any(abs(CompoundTransformRow(A,B) - A * B) > eps))

ans =

     0

>> CompoundTransformRow(A,B,C)

ans =

     0    -3

    -2    -1

>> any(any(abs(CompoundTransformRow(A,B,C) - A * B * C) > eps))

ans =

     0

>> CompoundTransformRow(A,B,C,D)

ans =

     6    -6

    -2    -6

>> any(any(abs(CompoundTransformRow(A,B,C,D) - A * B * C * D) > eps))

ans =

     0

% == Question 3 ================================================================

% ------------------------------------------------------------------------------

% Draw2D - Draw the indicated line segments between the given points in 2D.

%   Written by Bernie Till.  Last modified 15 Sep 2007.

%

% Call: Draw2D(Q, d, c)

% Args: Q - a 2 x N matrix of vertices in columns

%           Q(:,i) is the ith vertex

%       d - a 1 x N vector of drawing commands

%           when i < N, d(i) indicates a line joining adjacent vertices:

%             if d(i) = 1 then a line joins Q(:,i) to Q(:,i+1)

%             if d(i) = 0 then there is no line between Q(:,i) and Q(:,i+1)

%           when i = N, d(i) indicates a line closing the figure:

%             if d(N) = 1 then a line joins Q(:,N) to Q(:,1)

%             if d(N) = 0 then there is no line between Q(:,N) and Q(:,1)

%       c - a ColorSpec, giving the color with which to draw the lines

%             eg, one of 'r','g','b','c','m','y','k'

%             or [R G B], where 0 <= R <= 1, 0 <= G <= 1, 0 <= B <= 1

%           or a 1 x N vector of single-character ColorSpecs, one for each line

%           or a 3 x N matrix of [R G B] triplets, one for each line

% Rtns: none

% ------------------------------------------------------------------------------
function Draw2D(Q, d, c)

  N = size(Q,2); jmax = N; imax = jmax - 1; i = 1;

  while i < jmax

    while i < imax % combine successive moves
      if d(i) ~= 0 break; end; i = i + 1;

    end
    if d(i) == 0 break; end;

    j = i + 1;

    while j < jmax % collect successive draws of same color
      if d(j) == 0 || any(c(:,i) ~= c(:,j)), break; end; j = j + 1;

    end
    line(Q(1,i:j), Q(2,i:j), 'color', c(:,i)); i = j;

  end
  if d(i) line([Q(1,N) Q(1,1)], [Q(2,N) Q(2,1)], 'color', c(:,i)); end;

end
% -- end of m-file -------------------------------------------------------------
% ------------------------------------------------------------------------------

% Draw2DTest1 - usethe Draw2D function to draw the given M. C. Escher figure

% Written by Bernie Till.  Last modified 16 Sep 2007.

% ------------------------------------------------------------------------------

Qe = [ % the Escher figure
    2  2  4  4 12  6  6 19 19  4  6 15  2  5 19

   24  4  2 18 10 16  6 10  7  2  8 11 24 24 10

];

de = [1 1 1 1 0 1 1 1 1 0 1 1 1 1 0]; % draw command for the figure
ce = repmat([0 0 0]', size(de)); % color of the figure
Qa = [ % axes
  -1  20  0   0

   0   0 -1  25

];

da = [1 0 1 0]; % draw command for axes
ca = repmat([0 0 0]', size(da)); % color of the axes
figure(1); clf;

Draw2D(Qe, de, ce);

Draw2D(Qa, da, ca);

% -- end of m-file -------------------------------------------------------------
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>> Draw2DTest1 % question 3 (a)
>> get(gca)

    ActivePositionProperty = outerposition

    ALim = [0 1]

    ALimMode = auto

    AmbientLightColor = [1 1 1]

    Box = off

    CameraPosition = [7.5 10 17.3205]

    CameraPositionMode = auto

    CameraTarget = [7.5 10 0]

    CameraTargetMode = auto

    CameraUpVector = [0 1 0]

    CameraUpVectorMode = auto

    CameraViewAngle = [6.60861]

    CameraViewAngleMode = auto

    CLim = [0 1]

    CLimMode = auto

    Color = [1 1 1]

    CurrentPoint = [ (2 by 3) double array]

    ColorOrder = [ (7 by 3) double array]

    DataAspectRatio = [12.5 15 1]

    DataAspectRatioMode = auto

    DrawMode = normal

    FontAngle = normal

    FontName = Helvetica

    FontSize = [10]

    FontUnits = points

    FontWeight = normal

    GridLineStyle = :

    Layer = bottom

    LineStyleOrder = -

    LineWidth = [0.5]

    MinorGridLineStyle = :

    NextPlot = replace

    OuterPosition = [0 0 1 1]

    PlotBoxAspectRatio = [1 1 1]

    PlotBoxAspectRatioMode = auto

    Projection = orthographic

    Position = [0.13 0.11 0.775 0.815]

    TickLength = [0.01 0.025]

    TickDir = in

    TickDirMode = auto

    TightInset = [0.0342262 0.0396825 0.014881 0.0178571]

    Title = [166.005]

    Units = normalized

    View = [0 90]

    XColor = [0 0 0]

    XDir = normal

    XGrid = off

    XLabel = [167.005]

    XAxisLocation = bottom

    XLim = [-5 20]

    XLimMode = auto

    XMinorGrid = off

    XMinorTick = off

    XScale = linear

    XTick = [-5 0 5 10 15 20]

    XTickLabel = 

        -5
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        20

    XTickLabelMode = auto

    XTickMode = auto

    YColor = [0 0 0]

    YDir = normal

    YGrid = off

    YLabel = [168.005]

    YAxisLocation = left

    YLim = [-5 25]

    YLimMode = auto

    YMinorGrid = off

    YMinorTick = off

    YScale = linear

    YTick = [ (1 by 7) double array]

    YTickLabel = 

        -5

        0 

        5 

        10

        15

        20

        25

    YTickLabelMode = auto

    YTickMode = auto

    ZColor = [0 0 0]

    ZDir = normal

    ZGrid = off

    ZLabel = [169.005]

    ZLim = [-1 1]

    ZLimMode = auto

    ZMinorGrid = off

    ZMinorTick = off

    ZScale = linear

    ZTick = [-1 0 1]

    ZTickLabel = 

    ZTickLabelMode = auto

    ZTickMode = auto

    BeingDeleted = off

    ButtonDownFcn = 

    Children = [ (14 by 1) double array]

    Clipping = on

    CreateFcn = 

    DeleteFcn = 

    BusyAction = queue

    HandleVisibility = on

    HitTest = on

    Interruptible = on

    Parent = [1]

    Selected = off

    SelectionHighlight = on

    Tag = 

    Type = axes

    UIContextMenu = []

    UserData = []

    Visible = on
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>> axis([-2 22 -2 27],'equal'); grid('on'); % question 3 (b)
>> get(gca)

    ActivePositionProperty = outerposition

    ALim = [0 1]

    ALimMode = auto

    AmbientLightColor = [1 1 1]

    Box = off

    CameraPosition = [9.5 12.5 234.456] %
changed
    CameraPositionMode = auto

    CameraTarget = [9.5 12.5 0] %
changed
    CameraTargetMode = auto

    CameraUpVector = [0 1 0]

    CameraUpVectorMode = auto

    CameraViewAngle = [8.96713] %
changed
    CameraViewAngleMode = auto

    CLim = [0 1]

    CLimMode = auto

    Color = [1 1 1]

    CurrentPoint = [ (2 by 3) double array]

    ColorOrder = [ (7 by 3) double array]

    DataAspectRatio = [1 1 1] %
changed
    DataAspectRatioMode = manual

    DrawMode = normal

    FontAngle = normal

    FontName = Helvetica

    FontSize = [10]

    FontUnits = points

    FontWeight = normal

    GridLineStyle = :

    Layer = bottom

    LineStyleOrder = -

    LineWidth = [0.5]

    MinorGridLineStyle = :

    NextPlot = replace

    OuterPosition = [0 0 1 1]

    PlotBoxAspectRatio = [520.8 410.76 34.23] %
changed
    PlotBoxAspectRatioMode = manual

    Projection = orthographic

    Position = [0.13 0.11 0.775 0.815]

    TickLength = [0.01 0.025]

    TickDir = in

    TickDirMode = auto

    TightInset = [0.0342262 0.0396825 0.00297619 0]

    Title = [166.005]

    Units = normalized

    View = [0 90]

    XColor = [0 0 0]

    XDir = normal

    XGrid = on %
changed
    XLabel = [167.005]

    XAxisLocation = bottom

    XLim = [-8.88446 27.8845] %
changed
    XLimMode = auto

    XMinorGrid = off

    XMinorTick = off

    XScale = linear

    XTick = [ (1 by 7) double array] %
changed
    XTickLabel = %
changed
        -5
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    XTickLabelMode = auto

    XTickMode = auto

    YColor = [0 0 0]

    YDir = normal

    YGrid = on %
changed
    YLabel = [168.005]

    YAxisLocation = left

    YLim = [-2 27] %
changed
    YLimMode = manual %
changed
    YMinorGrid = off

    YMinorTick = off

    YScale = linear

    YTick = [0 5 10 15 20 25] %
changed
    YTickLabel = %
changed
        0 

        5 

        10

        15

        20

        25

    YTickLabelMode = auto

    YTickMode = auto

    ZColor = [0 0 0]

    ZDir = normal

    ZGrid = on %
changed
    ZLabel = [169.005]

    ZLim = [-1.20833 1.20833] %
changed

    ZLimMode = auto

    ZMinorGrid = off

    ZMinorTick = off

    ZScale = linear

    ZTick = [-1 0 1]

    ZTickLabel = 

    ZTickLabelMode = auto

    ZTickMode = auto

    BeingDeleted = off

    ButtonDownFcn = 

    Children = [ (14 by 1) double array]

    Clipping = on

    CreateFcn = 

    DeleteFcn = 

    BusyAction = queue

    HandleVisibility = on

    HitTest = on

    Interruptible = on

    Parent = [1]

    Selected = off

    SelectionHighlight = on

    Tag = 

    Type = axes

    UIContextMenu = []

    UserData = []

    Visible = on

% == Question 3 (c) ============================================================

% ------------------------------------------------------------------------------

% Draw2Dtest2 - use the Draw2D function to draw the given M. C. Escher figure

% Written by Bernie Till.  Last modified 16 Sep 2007.

% ------------------------------------------------------------------------------

Qe = [ % the Escher figure
    2  2  4  4 12  6  6 19 19  4  6 15  2  5 19

   24  4  2 18 10 16  6 10  7  2  8 11 24 24 10

];

de = [1 1 1 1 0 1 1 1 1 0 1 1 1 1 0]; % draw command for the figure
ce = repmat([0 0 0]', size(de)); % color of the figure
Qa = [ % axes

  -1  20  0   0

   0   0 -1  25

];

da = [1 0 1 0]; % draw command for axes
ca = repmat([0 0 0]', size(da)); % color of the axes
figure(1); clf; % set up the current figure
set(gcf, 'position', [100, 100, 600, 600]);

% set up the current axes

set(gca, 'dataaspectratio', [1 1 1]);

set(gca, 'xgrid', 'on', 'ygrid', 'on');

set(gca, 'xlim', [-2 21], 'ylim', [-2 26]);

set(gca, 'xtick', [-1:20], 'ytick', [-1:25]);

set(gca, 'xticklabel', [], 'yticklabel', []);

set(gca, 'xcolor', [.8 .8 .8], 'ycolor', [.8 .8 .8]);

Draw2D(Qe, de, ce);

[image: image3.emf]Draw2D(Qa, da, ca);

% == Question 3 (d) ============================================================

% ------------------------------------------------------------------------------

% Draw2D - Draw the indicated line segments between the given points in 2D and

%   return a vector of handles to the lines drawn.

%   Written by Bernie Till.  Last modified 15 Sep 2007.

%

% Call: h = Draw2D(Q, d, c)

% Args: Q - a 2 x N matrix of vertices in columns

%           Q(:,i) is the ith vertex

%       d - a 1 x N vector of drawing commands

%           when i < N, d(i) indicates a line joining adjacent vertices:

%             if d(i) = 1 then a line joins Q(:,i) to Q(:,i+1)

%             if d(i) = 0 then there is no line between Q(:,i) and Q(:,i+1)

%           when i = N, d(i) indicates a line closing the figure:

%             if d(N) = 1 then a line joins Q(:,N) to Q(:,1)

%             if d(N) = 0 then there is no line between Q(:,N) and Q(:,1)

%       c - a ColorSpec, giving the color with which to draw the lines

%             eg, one of 'r','g','b','c','m','y','k'

%             or [R G B], where 0 <= R <= 1, 0 <= G <= 1, 0 <= B <= 1

%           or a 1 x N vector of single-character ColorSpecs, one for each line

%           or a 3 x N matrix of [R G B] triplets, one for each line

% Rtns: h – a 1 x M vector of line handles, where M <= N

% ------------------------------------------------------------------------------
function h = Draw2D(Q, d, c)

  N = size(Q,2); jmax = N; imax = jmax - 1; i = 1; h = [];

  while i < jmax

    while i < imax % combine successive moves
      if d(i) ~= 0 break; end; i = i + 1;

    end
    if d(i) == 0 break; end;

    j = i + 1;

    while j < jmax % collect successive draws of same color
      if d(j) == 0 || any(c(:,i) ~= c(:,j)), break; end; j = j + 1;

    end
    h = [h line(Q(1,i:j), Q(2,i:j), 'color', c(:,i))]; i = j;

  end
  if d(i) h = [h line([Q(1,N) Q(1,1)], [Q(2,N) Q(2,1)], 'color', c(:,i))]; end;

end
% -- end of m-file -------------------------------------------------------------
% ------------------------------------------------------------------------------

% Draw2Dtest3 - use the Draw2D function to draw the given M. C. Escher figure

% Written by Bernie Till.  Last modified 16 Sep 2007.

% ------------------------------------------------------------------------------

Qe = [ % the Escher figure
    2  2  4  4 12  6  6 19 19  4  6 15  2  5 19

   24  4  2 18 10 16  6 10  7  2  8 11 24 24 10

];

de = [1 1 1 1 0 1 1 1 1 0 1 1 1 1 0]; % draw command for the figure

r = [.7 0 0]'; g = [0 .6 0]'; b = [0 0 .7]'; % red, green, blue
ce = [r r r r r g g g g g b b b b b]; % colors of the figure
Qa = [ % axes
  -1  20  0   0

   0   0 -1  25

];

da = [1 0 1 0]; % draw command for axes
ca = repmat([0 0 0]', size(da)); % color of the axes
figure(1); clf; % set up the current figure
set(gcf, 'position', [100, 100, 600, 600]);

% set up the current axes

set(gca, 'dataaspectratio', [1 1 1]);

set(gca, 'xgrid', 'on', 'ygrid', 'on');

set(gca, 'xlim', [-2 21], 'ylim', [-2 26]);

set(gca, 'xtick', [-1:20], 'ytick', [-1:25]);

set(gca, 'xticklabel', [], 'yticklabel', []);

set(gca, 'xcolor', [.8 .8 .8], 'ycolor', [.8 .8 .8]);

[image: image4.emf]% need not bother naming the return value

set(Draw2D(Qe, de, ce), 'linewidth', 2);

% but you can if you want to

ha = Draw2D(Qa, da, ca);

set(ha, 'linewidth', 2, 'linestyle', ':');

% == Question 4 ================================================================

% ------------------------------------------------------------------------------

% RegularPolygonCol - Generates the vertices of a regular polygon with n sides

%   of length s, centered on the point p.

%   Written by Bernie Till.  Last modified 15 Sep 2007.

%

% Call: Q = RegularPolygonCol(n, s, p)

% Args: n - integer giving the number of sides

%       s - scalar giving the length of each side

%       p - 2 x 1 column vector giving the center point

% Rtns: Q - 2 x N matrix containing the vertices of the polygon in columns

% ------------------------------------------------------------------------------

function Q = RegularPolygonCol(n, s, p)

  alpha = pi / n; % half angle subtended by a side
  r = s / 2 / sin(alpha); % radius of circle through the vertices
  alpha = [0:n-1] * 2 * alpha; % angles at which the vertices lie
  Q = r * [cos(alpha); sin(alpha)] + repmat(p, 1, n); % coordinates of vertices
end

% -- end of m-file -------------------------------------------------------------
% ------------------------------------------------------------------------------

% Use the Draw2D function to draw the polygon returned by RegularPolygonCol

% Written by Bernie Till.  Last modified 16 Sep 2007.

% ------------------------------------------------------------------------------

Qp = RegularPolygonCol(7, 2, [3 2]'); % the polygon
dp = [1 1 1 1 1 1 1]; % draw command for the polygon
cp = repmat([.7 0 0]',size(dp)); % red, the color of the polygon
figure(1); clf; % set up the current figure
set(gcf, 'position', [100, 100, 600, 600]);

set(gcf, 'color', [1 1 1]);

% set up the current axes

set(gca, 'dataaspectratio', [1 1 1]);

set(gca, 'xgrid', 'on', 'ygrid', 'on');

set(gca, 'xlim', [0 6], 'ylim', [-1 5]);

set(gca, 'xtick', [0:6], 'ytick', [-1:5]);

set(gca, 'xticklabelmode', 'auto', 'yticklabelmode', 'auto');

set(gca, 'xcolor', [.8 .8 .8], 'ycolor', [.8 .8 .8]);

set(Draw2D(Qp, dp, cp), 'linewidth', 1);

% the resulting figure is the same as the one on the next page

% ------------------------------------------------------------------------------

% Use the Draw2D function to draw the polygon returned by RegularPolygonRow

% Written by Bernie Till.  Last modified 16 Sep 2007.

% NOTICE THAT ONLY THE FIRST AND LAST LINES ARE DIFFERENT

% ------------------------------------------------------------------------------

Qp = RegularPolygonRow(7, 2, [3 2]'); % the polygon
dp = [1 1 1 1 1 1 1]; % draw command for the polygon
cp = repmat([.7 0 0]',size(dp)); % red, the color of the polygon
figure(1); clf; % set up the current figure
set(gcf, 'position', [100, 100, 600, 600]);

set(gcf, 'color', [1 1 1]);

% set up the current axes

set(gca, 'dataaspectratio', [1 1 1]);

set(gca, 'xgrid', 'on', 'ygrid', 'on');

set(gca, 'xlim', [0 6], 'ylim', [-1 5]);

set(gca, 'xtick', [0:6], 'ytick', [-1:5]);

set(gca, 'xticklabelmode', 'auto', 'yticklabelmode', 'auto');

set(gca, 'xcolor', [.8 .8 .8], 'ycolor', [.8 .8 .8]);
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set(Draw2D(Qp', dp, cp), 'linewidth', 1);







