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[bookmark: _Toc58620131]1. Generating the Curve – Methods and Functions
[image: ]
[bookmark: _Toc58609664][bookmark: _Toc58616701]Figure 1 Setting up the user interface with cRenderClass::Create
The author modified a cRenderClass template to provide a user interface. The adjustments made include the methods called at the bottom, which provide keyboard and mouse interactions.
[image: ]
[bookmark: _Toc58609665][bookmark: _Toc58616702]Figure 2 Mouse manages the placement of control points
Mouse allows a user to put down a new control point or move a currently selected control point. Additionally, points can be ‘undone’ – where the previously placed point is moved outside the viewable window.
[image: ]
[bookmark: _Toc58609666][bookmark: _Toc58616703]Figure 3 Keyboard allows the user to toggle curve placements
Pressing ‘c’ with the keyboard toggles continuity. When enabled, the next control point placement will put down a whole new curve with C2 continuity. Pressing ‘d’ will delete the curve currently selected.
[image: ]
[bookmark: _Toc58609667][bookmark: _Toc58616704]Figure 4 SpecialKeyboard manages control point steps and curve resolution changes
SpecialKeyboard allows the user to perform ‘stepping’ by pressing left or right on the keyboard. This is a process by which the user can select previously placed points by moving incrementally backwards, or forwards if already stepped back. Page Up and Page Down keys increase and decrease resolution (i.e. pixels per curve) respectively.
[image: ]
[bookmark: _Toc58609668][bookmark: _Toc58616705]Figure 5 renderScene performs all the necessary decisions on how control points and curves are rendered
renderScene manages the rendering for three items. First is control points – we render the colour for these differently based on the state of continuity, where the number of control points is four per curve. Next is the control point currently selected, which renders larger and in red relative to other control points. Lastly, we render pixels on our curve, for which the X and Y coordinates are stored in a vector calculated through the CalculatePointOnCurve function.
[image: ]
Figure 6 CalculatePointOnCurve is the means for which we render our b-spline curve
This function, given the knot value and set of control points garnered from our curve index, returns a vector with X and Y positions for rendering a pixel on our curve.
[image: ]
[bookmark: _Toc58616706]Figure 7 Struct types stored in globals.h
sRGB is used in storing colour combinations. sCurveSegment defines four control points of X and Y coordinates, with an associated colour.
[image: ]
[bookmark: _Toc58616707]Figure 8 cBSpline manages the storage and calculations of curves and control points, in addition to interfaces for such data
cBSpline provides the foundations for storage and interfacing of curve data. Of note is the vector of curve segments, where we store all our control points. Furthermore, a look-up table holding pre-calculated values used in weighting assigned to this class.
[image: ]
[bookmark: _Toc58616708]Figure 9 Initialisation of our container class, cBSpline
The constructor ensures the program starts correctly by initialising the curve vector. The basis functions look-up table is automatically populated on program start-up.
[image: ]
Figure 10 AddNewCurve pushes a new curve object into our vector, ready for control point assignment
The parameter colourIndex can be in the range 0-6. Once all details of our new curve are established, we add it to the vector.
[image: ]
[bookmark: _Toc58616709]Figure 11 InitialiseBasisFunctionsLUT pre-calculates and stores all potential basis functions
For all values 0 – mMaxResolution, we calculate four basis functions. The results are stored in an array, mBasisFunctionsLUT.
[image: ]
[bookmark: _Toc58616710]Figure 12 PlaceControlPoint is called when a left mouse click is performed
The X and Y position of the users’ mouse when this function is called will serve as the basis for one of two approaches. If mContinuity is false, we add this control point to next appropriate array position. Otherwise, this position, in addition to the three previous, will serve as control points 1 – 4 in a new curve to be added to our vector.

[image: ]
[bookmark: _Toc58616711]Figure 13 UndoControlPoint lets users reset a control points' position
Upon the user pressing right mouse button, the previously placed control point has its position set to outside the render window.
[image: ]
[bookmark: _Toc58616712]Figure 14 mContinuity interface method
ToggleContinuity lets the user shift between continuous and non-continuous curve placement by pressing ‘c’.
[image: ]
[bookmark: _Toc58616713]Figure 15 DeleteCurveSegment allows users to select a previously placed curve and seamlessly erase it
When the user presses ‘d’, the curve currently selected is deleted, and the user is sent to the previous curve.
[image: ]
[bookmark: _Toc58616714]Figure 16 ControlPointStepForward and ControlPointStepBack allow users to navigate across control points
The step forward is called when the right key is pressed, while step back runs on left key press. They move the user forwards or backwards incrementally along all placed control points.
[image: ]
[bookmark: _Toc58616715]Figure 17 Increase and Decrease resolution, or pixels per line
When the user presses the page up or page down key, the number of pixels rendered per line is increased or decreased respectively by a set modifier, defaulted to 10.
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[bookmark: _Toc58616716]Figure 18 GetCurveSegments returns the entirety of stored control points
When rendering control points, we want to pass said points to the render loop.
[image: ]
[bookmark: _Toc58616717]Figure 19 GetCurrentResolution returns a value which can change at any point by the user
This lets the render loop know how many pixels to draw.


[bookmark: _Toc58620132]2. Point on Curve Calculation
To calculate the point we wish to render, we must look to the below:
[image: ]
[bookmark: _Toc58616718]Figure 20 Point on a cubic curve formula [1, Eq. 17.8]
Which can be simplified to:
[image: ]
[bookmark: _Toc58616719]Figure 21 Simplified derivation of a point on a uniform non-rational b-spline [2]
Where 0 <= t <= 1, where any number which lies in this range represents the knot we are calculating a pixel to draw for.
With regards to Figure 6, the results of a point on curve calculation will be compared to the result of calculating Figure 21, accurately determining X and Y coordinates of the pixel on our curve. The value of ‘t’ evaluated will be 0.1 in both cases, the X and Y of our control points will be shown in Figure 23.
[image: ]
[bookmark: _Toc58616720]Figure 22 Control points placed on-screen for use in calculation testing
[image: ]
[bookmark: _Toc58616721]Figure 23 The four positions, of both X and Y coordinates, in addition to the calculated X and Y values
With regards to Figure 17, and t = 0.1, we calculate the basis functions using the formula in Figure 21:


Now that we have each basis weighting, we multiply each by both X and Y coordinates:


As seen above, the results are incredibly close to the computed values.


[bookmark: _Toc58620133]3. Functionality
[image: ]
Figure 24 Empty grapics window


[image: ]
Figure 25 Four control points placed via mouse clicks, with curve rendered on screen pixel by pixel (no interpolation between pixels)


[image: ]
Figure 26 Continuous curve placement


[image: ]
Figure 27 Selecting a previous control point
[image: ]
Figure 28 Moving previous control points selected with left mouse click
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Flvoid Keyboard(unsigned char key, int x, int y)
<

suiteh (key)

[ S
: bSplineCurves. ToggleContinuity(
; break;
| case
bSplineCurves. ToggleContinuity();
break
| case ta
|| bSplineCurves.DeleteCurvesegnent();
i brea;
case D
bSplineCurves.DeleteCurvesegment();
i breai;
b
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Jvoid Specialkeyboard(int key, int x, int y)

suiteh (key)
Pt
case GLUT_KEY_LEFT.
|| bSplineCurves.ControlPointStepBack();
breal
case GLUT_KEY_RIGHT:
bSplineCurves. ControlPointStepForward();
break;
| case GLUT_KEY_PAGE_UP:
|| bSplineCurves.IncreaseResolution();
| break;
| case GLUT_KEY_PAGE_DOMN:
bSplineCurves.DecreaseResolution();
breal
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Evoid renderscenel)

Std:svectorcsCurvesegent> curveseguents = bsplineCurves. GetCurvesegnents();  // Temporarily store the current curve segnents data with their associated control points and co
cvector pointoncurve;  // Stores the X and Y values for which pixel we want to render on a curve

int 1, 3; // Stores the index values for which curve and knot we have looped to - used in calculating points on a curve to render

int curvesToRender = curvesegments.size(); // If ue have zero curves, stop the program from accessing values that do not exist. Also determines the nusber of curves to iterate
int currentResolution = bSplineCurves. GetCurrentResolution(); // Stores the number of knots (i.e. pixels) we are rendering on our curve

/1 We get the control point selected on a specific curve and render it differently to the user. only renders differently if user has stepped backwards.
int currentcontrolPoint - bsplineCurves. GetCurrentControlPoint();
int currentCurvesegnent = bsplineCurves. GetCurrentcurvesegaent();

1F (curvesToRender > 8) // Prevents the progran from rendering non-existent curves

€

for (i = 6; 1 < curvesToRender; is+)  // Render the control points and curve pixels associsted with the current curve we are looking at, 'i
1/ Tnitialise control point rendering
1F (bsplinecurves. Getcontinuity() — true)
i
graphics. setcolour(e, 255,

3
else
€

graphics. setcolour (255, 255, 255);
3
graphics. setpointsize(2);

/1 Render each control point for the current curve,
for (3 = 05 3 < 43 3++)
1

1°, with initialised render values

raphics. drawpixel(curvesegments[1]. controlpoints[1][e], curvesegaents[i].controlroints[31[11);
3

7/ Tnitialise curve rendering
graphics. setcolour (curvesegnents[i].curvecolour.r, curveSegnents[i].curvecolour.g, curvesegnents[i].curvecolour.b);

for (3 =
1

3 <= currentResolution; ++)  // Render each pixel on our curve with X and Y values obtained by passing in the curve we are on (utilises current control p

pointoncurve = bsplinecurves. Calculatepointoncurve(FLoat(j) / bsplinecurves.Getcurrentresolution(), 1);
graphics. drawPixel (pointonCurve. GetXComponent (), pointonCurve.GetYComponent());
3

7/ Render the control point which the user has currently selected differently as a visual aid
graphics. setpointsize(s);

graphics. setcolour (255, 0, ©);

graphics. drawpixel(curvesegnents| currentCurvesegnent] . controlPoints[currentControlPoint] (6], curvesegaents[currentCurvesegnent].controlPoints[currentcontrolpoint][11);

11 render the scene
graphics.render();
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Hcvector cBspline::CalculatePolntonCurve(float t, int curvelndex) — // Returns the X and ¥ coordinates for a pixel t

1

/1 stores a calculated integer index to access the appropriate pre-calculated basis functions for a given knot
int basisIndex - static_castcint>(t * mMaxResolution);

int b1 = (basisIndex * 4) + 8, b2 = (basisIndex * 4) + 1, b3 = (basisIndex * 4) + 2, ba = (basisIndex * 4) + 3;

/1 calculate and store the X and Y component of our pixel on the curve with a weighting provided by our basis fu
#loat xComponent - 0.166656

* K(measisrunctionsLuT[b1] * mCurvesegnents|curvezndex]. controlPoints[e][e])

+ (mgasisFunctionsLuT[b2] * mCurveSegments[curveindex]. controleoints[1][e])

+ (mgasisFunctionsLUT[b3] * mCurveSegments[curveindex]. controlpoints[2] e])

+ (mBasisrunctionsLuT[b4] * mcurvesegments[curverndex].controlpoints(a](e));

1ot yComponent = .166655
* ((measisFunctionsLuT[b1] * mCurveSegnents[curvelndex]. controlPoints[e][1])
+ (measisFunctionsLuT[b2] * mCurveseguents[cur/eIndex]. controlpoints[1][1])
+ (measisFunctionsLuT[b3] * mCurveseguents[cureIndex]. controlpoints[2][1])
+ (measisFunctionsLuT[bs] * mCurvesegments[curverndex]. controlpoints[3][1]));

J/3F (t == 0.5) // This tests our t value of 0.5 for accuracy
"
/1 stdz:cout << ncurvesegments[curveTndex]. controlpoints[e][e] <<
m

<< mcurvesegnents|curveTndex] .controlFoi

/7 Instantiate and return a vector with coordinates set to our weighted pixel
cvector pointoncurve = cVector (xCoaponent, yComponent, 0);
return pointonCurve.Getvector();





image7.png
struct SR8 // Holds an Re8 val
1
flost r, g, b;
%

Istruct scurvesegnent  // Each
1
Float controlpoints[4](2];
s7G8 curvecolour;;
%
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Biclass cespline

1

public
caspline();
~caspline(

Void IncreaseResolution();
void DecreaseResolution();
int Getcurrentresolution();
//3nt GetmaxResolution();

void InitialisesasisFunctionsiur();

void AddNewCurve(int colourIndex);
Std:svector<sCurvesegnent> GetCurvesegnents();

int etcurrentcontrolpoint();
Void Placecontrolpoint(int x, int 7
Void Undocontroleoint();
Void Movecontrolpoint(int x, int 1);
i [vnid ‘controlpointstepForward()
Void controlPointstepack();
J/int GetcontrolpointstepTracker();

int Getcurrentcurvesegment();
oid Deletecurvesegment();
oid NextCurvesegment();
void Previouscurvesegaent();

void Togglecontinuity();
bool Getcontinuity();

cvector Calculatepointoncurve(float ¢, int curverndex);

private:
int mcurrentResolution = & // Used in calculating the n
int mwaxResolution = 0; // The upper limit of pixels to |
int mMinResolution = 0; // Lower Linit of pixels per curl
int mResolutionMod = 0; // Increases o decreases pixels

flost *mBasisFunctionsLuT; // Pre-calculates the basis

BCurvesegnents; // Holds all

11 Tracks the current cor
/1 Tracks the nusber

int mcurrentcurvesegment 11 Tracks the current cu

bool mcontinuity = false; // When set to false curves are
%
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Bcespline: :cBspline()

1
maxResolution - 500;
miinResolution - 100
mResolutionod ~ 50
mcurrentresolution - maxResolution;
InitialisesasisFunctionstuT(); // St
Addnewcurve(e); // Tnitialise the cur
3

Scaspline: i~caspline()
€

3
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Rvoid cespline::AddNewcurve(int colourindex) // The co
€
sCurvesegment curvesegaent;
curvesegment. curvecolour ~ colours[colourIndexl;
mCurvesegaents.push_back (curvesegment);
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ivoid cespline::InitialiseBasisFunctionslUT()  // Calculates the basis functions for all values of "t*

1

mBasisFunctionsLUT = new flost[(maxkesolution * 4) + 41; // Tnstantiste a new array which encosp

float t;  // Stores the current knot number for which corresponding basis functions are calculate
1| for (int 1= 0; 1 <= maxResolution; 1++) // For every possible knot (i.e. pixel) we render on ou

€

t = Float(i) / float(maxkesolution); // Holds the index position of the knot we are looking
for (int 3 = @; 1 < 43 3++) // For each basis function, we provide our current knot 't' and sto
€
switch (3)
1
case o:
mBasisFunctionslUT[(1 £ 4) + 1= (1- 1) * (1- 1) * (1 - 0);
break;.
mBasisFunctionslUTI(1 * 4) + 31 = (3 (E* £ £) + (-6 % (£ * ©)) + 4.0F;
break;.
mBasisFunctionslUT[(1 * &) + 3] = (3 * (E*£* D)+ (3° (E* 1) + (3% 1) + Lof;
break;.
mBasisFunctionslUT[(1 £ 4) + 3] = £ % £ *
break;.
3
¥
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"lacecontrolPoint(int x, int y) // PlaceControlPoint takes an X and Y value from the function Mous

Bvoid cBspline:

1
/1 standard control. point placement - we utilise passed in X and Y values from our mouse click to add a contro
3l if (acontinuity = false)
€
3 if (controlpointstepTracker == @) // This check is to ensure we add new control points if the user has r
i
mCurvesegnents[acurrentCurvesegaent] . controlPoints[acurrentControlpoint][6] ~
RCurvesegnents [acurrentCurvesegaent] . controlPoints[currentControlPoint] [1] —
7/ Ensure the user is stepped over to the next curve 1f we land on control point four, since curves ha
3 if (mcurrentcontrolpoint < 3)
1
mcurrentcontrolpoints+;
3
5 else
1
Nextcurvesegnent();
‘Addewcurve(CurrentCurvesegnent % 7
3
3
g else // As we have stepped backvards, the user will instead move currently selected control points
i
MoveControlPoint(x, ¥);
¥
3
Si  else if (acurrentCurvesegent I © 8& mControlPointstepTracker == 8)  // This check ensures that we don't tr
€
SCurvesegnent curvesegnent;
/1 Set the colour of the new curve to be equal to the current
curvesegnent. curvecolour ~ mCurvesegaents[aCurrentCurvesegnent - 11.curvecolour;
7/ Control. points 1,2,3 of new curve equal 2,3,3 of previous curve
3 for (int 1= 0; 1< 3; 1)
<
curveseguent. controlpoints[1][6] = mCurvesegnents[mCurrentCurvesegnent - 1].controlroints[i + 1][e];
curveseguent. controlPoints[1][1] = mcurvesegnents[mCurrentcurvesegent - 1].controlroints[i + 1][1];
¥
7/ The inal control point to be set in this continuous curve is passed in as parameters X and ¥
curvesegnent. controleoints(2[e] - x;
curvesegnent. controleoints[21[1] - 560 - i
BCurvesegnents. insert (aCurvesegnents.begin() + BCurrentCurveSegnent, curvesegnent);
Nextcurvesegnent();
3
3
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jvold cBspline::undoControlPoint() // users have the ability to reset the position of control points that
1
|| if (acontrolrointstepTracker — @)
i
, if (acurrentcontrolpoint > ©)
€
mCurrentcontrolpoint-—;
b
3 else
i
3F (ncurrentcurvesegaent > @)
€
mcurvesegments.pop_back();
Previouscurveseguent();

3
// setting control points to appear off-screen, so they don't get rendered due to clipping (others

BCurvesegnents[ncurrentcurvesegnent] . controlPoints[aCurrentControlPoint] (6] = SCREEN_WIDTH - 1o,
BCurvesegnents ncurrentCurvesegnent] . controlPoints[aCurrentControlPoint][1] = SCREEN HEIGHT + 16;
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qvoid caspline::Togglecontinuity()
€
mcontinuity = Iacontinuity;
3
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/0id cspline: :DeleteCurvesegment() // Allows the user to erase existing ¢

/7 Generally the user is placed at the previous curves® third control
if (acurrentCurvesegment > @)
€

v
€
l mCurvesegaents. erase(curvesegnents. begin() + aCurrentCurvesegnent);

Previouscurvesegnent();
3

else

5
€
mCurrentcontrolpoint
‘AddNencurve (currentCurvesegnent % 7);
3
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Bvoid cBspline
1

& if (acontrolrotntstepTracker > @) // only allou steps fors
€

] 3 (scurrentcontrolroint < 2)

1

ControlPointstepForward()  // Allows us to trac

mCurrentcontrolpoints+;
3
8 else
i
Nextcurvesegnent();
¥

/1 once this reaches zero, no more steps forward taken
RControlrointstepTracker-

3
L

Evoid casplin
1
5 i (acurrentcurvesegent

ControlPointstepBack() // Lets the user select

© |1 ncurrentcontroleoint I- @)

k] { if (mcurrentControlPoint > @) // Step back along the c
! mCurrentcontrolpoint-
b de semmasomemmses
i PreviousCurvesegment();
1
scontrotpointstepTrackeres // ey sncresent e <o
1
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3v0id cespline::IncreaseResolution() // Will increase pixels per
€

lost newResolution - mcurrentResolution + mResolutionod;
if (newresolution <= miaxResolution)

€

mCurrentResolution - newResolution;
3
3

2v01d caspline: :DecreaseResolution() // Decreases pixels per cury
1
1ot newResolution - mCurrentResolution - mResolutionod;
if (newresolution >= mtinResolution)
€
mCurrentResolution - newResolution;
3
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3int cBspline

1

GetCurrentresolution()

return mcurrentesolution;
3
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Elvoid cRenderClass:

<

reate(int argc, TCHAR® argv[])

/1 initialise the glut library
lutnit(8arec, arev);

17 set up the initial display mode
7/ need both double buffering and z-buffering
‘glutnitDisplayMode(GLUT_DOUBLE | GLUT_RGS | GLUT_DEPTH);

1/ set the initial window position
glutInitiindowPosition(100, 100);

11 set the initial window size
‘glutnitiindowsize(SCREEN_WIDTH, SCREEN_ HETGHT);

1/ create and name the window
glutCreateilindou("Drawing Uniform Non-rational B-Spline Curves’

11/ reshape callback for current window
‘glutReshapeFunc(winkeshapeFunc);

11 set display callback for current window
‘glutbisplayFunc(rendersScene);

1/ set up the global idle callback
glutIdleFunc(update);

77 SeEup wser Intertace funceiond
‘glutMouseFunc(Mouse) ;
‘glutKeyboardFunc(Keyboard) ;
glutSpecialFunc(Specialkeyboard);




image2.png
Elvoid Mouse(int button, int state, int x, int y)
<

switch (button)

<
case GLUT_LEFT_BUTTON:
=1 if (state == GLUT_DOWN)
i €
|| | bSplineCurves.PlaceControlPoint(x, v);
(]
i break;

| case GLUT RIGHT_BUTTON:
B | f (state == GLUT_DOWN)
€

bSplineCurves. UndoControlPoint();
i 3
i break;
default:
break;

3





