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ON‐MOUSE‐MOVE(MouseEvent	e)	

1. cursorPos	←	new	Point(e.X,	e.Y)	
2. if	lensActive		
3. magnifiedBubbleRadius ← DETERMINE‐BUBBLE‐RADIUS(cursorPos,	magTargets,	ref	currTarget)	
4. else	
5. bubbleRadius	←	DETERMINE‐BUBBLE‐RADIUS(cursorPos,	targets,	ref	currTarget)	
6. if	lensReadied	==	false	
7. TRACK‐VELOCITY(cursorPos)	
8. lensReadied	←	CHECK‐LENS‐READY()	
9. else	
10. effectiveSize	←	CALCULATE‐EFFECTIVE‐SIZE(targets,	currTarget)	
11. cursorTargetEdgeDistance	←	DISTANCE(currTarget,	cursorPos)	–	currTarget.Radius	
12. if	(effectiveSize	<	10)	and	(cursorTargetEdgeDistance	<	10)	
13. lensActive	←	true	
14. magTargets	←	GENERATE‐MAGNIFIED‐TARGETS(cursorPos,	targets,	currTarget)			
	

DETERMINE‐BUBBLE‐RADIUS(Point	cursorPos,	Targets	targets,	ref	int	currentTarget)	
1. for	(i	=	0;	i	<	targets.Count;	i++)	
2. distance	←	DISTANCE(cursorPos,	targets[i])	–	targets[i].Radius	
3. list.ADD(distance,	i)	
4. list.SORT()	
5. first	←	list[0]	
6. if	list	>	1	
7. second	←	list[1]	
8. else	
9. second	←	‐1	
10. if	second	≠	‐1	
11. bubbleRadius	←	MIN(DISTANCE(cursorPos,	targets[first])	+	targets[first].Radius,	
12. DISTANCE(cursorPos,	targets[second])	‐	targets[second].Radius)	
13. else	
14. bubbleRadius	←DISTANCE(cursorPos,	targets[first])	+	targets[first].Radius	
15. currentTarget	←	first	
16. return	bubbleRadius			
	

TRACK‐VELOCITY(Point	cursorPos)	
1. timePoint	←	new	TimePoint(cursorPos.X,	cursorPos.Y,	Time.NowMS)		
2. moves.ADD(timePoint)	
3. resampledPosition	←	RESAMPLE‐IN‐TIME(moves,	hertz)	
4. resampledVelocity	←	DERIVATIVE(resampledPosition)	
5. smoothedVelocity	←	FILTER(resampledVelocity,	kernel)	
6. maxima.CLEAR()	
7. localMaxima	←	SERIES‐MAXIMA(smoothedVelocity,	0,	‐1)	
8. for	(i	=	0;	i	<	localMaxima.Length;	i++)	
9. maxima.ADD(new	TimePoint(resampledPosition[localMaxima[i]].X,	
10. resampledPosition[localMaxima[i]].Y,	
11. resampledPosition[localMaxima[i]].Time	–	resampledPosition[0].Time))	
12. minima.CLEAR()	
13. localMinima	←	SERIES‐MINIMA(smoothedVelocity,	0,	‐1)	
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14. for	(i	=	0;	i	<	localMinima.Length;	i++)	
15. minima.ADD(new	TimePoint(resampledPosition[localMinima[i]].X,	
16. resampledPosition[localMinima[i]].Y,	
17. resampledPosition[localMinima[i]].Time	–	resampledPosition[0].Time))	
	

CHECK‐LENS‐READY()	

1. lensReady	←	false		
2. if	maxima.Count	>	1	
3. if	maxima.Count	≥	ballisticPhase	
4. 	lensReady	←	true	
5. else	if	((ABS(maxima[0].X	–	minima[0].X)	<	20)	
6. ballisticPhase	=	3	
7. else	
8. lensReady	←	true	
9. return	lensReady	
	

CALCULATE‐EFFECTIVE‐SIZE(Targets	targets,	int	currentTarget)	

1. min	←	∞	
2. for	(i	=	0;	i	<	targets.Count;	i++)	
3. if	i	≠	currentTarget	
4. edgeDistance	←	DISTANCE(targets[i],	targets[currentTarget])	–	
5. targets[i].Radius	–	targets[currentTarget].Radius	
6. if	edgeDistance	<	min	
7. min	←	edgeDistance	
8. effectiveSize	←	(targets[currentTarget].Size)	+	(min	/	2)	
9. return	effectiveSize		
	

GENERATE‐MAGNIFIED‐TARGETS(Point	cursorPos,	Targets	targets,	int	currentTarget)	

1. for	(i	=	0;	i	<	targets.Count;	i++)	
2. magTargets[i]	←	new	Target	
3. magIndexes[i]	←	0	
4. sortedTargets	=	SORT‐BY‐EDGE‐DISTANCE(targets,	currentTarget)	
5. for	(i	=	sortedTargets.Count	–	1;	i	≥	0;	i‐‐)	
6. unMagIndexes.PUSH(sortedTargets[i])	
7. while	unMagIndexes	is	not	empty	
8. nextTarget	←	targets[unMagIndexes.Top]	
9. closestReferenceIndex	←	FIND‐CLOSEST‐REFERENCE‐TARGET(magIndexes,	targets,	nextTarget)	
10. newMagTarget	←	GENERATE‐MAGNIFIED‐TARGET(targets[closestReferenceIndex],		
11. magTargets[closestReferenceIndex],	nextTarget)	
12. magIndexes[unMagIndexes.Top]	←	1	
13. magTargets[unMagIndexes.Top]	←	newMagTarget	
14. unMagIndexes.POP()	
15. return	magTargets	

	



Bubble Lens: Martez E. Mott and Jacob O. Wobbrock    June 15, 2014 
 

SORT‐BY‐EDGE‐DISTANCE(Targets	targets,	int	currentTarget)	

1. for	(i	=	0;	i	<	targets.Count;	i++)	
2. if	(i	≠	currentTarget)	
3. edgeDistance	←	DISTANCE(targets[i],	targets[currentTarget])	–	
4. targets[i].Radius	–	targets[currentTarget].Radius	
5. sortedList.ADD(edgeDistance,	i)	
6. sortedList.SORT()	
7. return	sortedList	
	

FIND‐CLOSEST‐REFERENCE‐TARGET(List	magnifiedIndexes,	Targets	targets,	Target	currentTarget)	

1. min	←	∞	
2. for	(i	=	0;	i	<	magnifiedIndexes.Count;	i++)	
3. if	(magnifiedIndexes[i]	==	1)	
4. edgeDistance	←	DISTANCE(targets[i],	targets[currentTarget])	–	
5. targets[i].Radius	–	targets[currentTarget].Radius	
6. if	edgeDistance	<	min	
7. minIndex	←	i	
8. min	←edgeDistance	
9. return	minIndex		
	

GENERATE‐MAGNIFIED‐TARGET(Target	referenceTarget,	Target	magReferenceTarget,	Target	nextTarget)	

1. angleBetweenOrig	←	ANGLE(nextTarget,	referenceTarget)	
2. angleBetweenMag	←	ANGLE(nextTarget,	magReferenceTarget)	
3. rotateAngleOrig	←	2π	–	angleBetweenOrig	
4. rotateAngleMag	←	2π	–	angleBetweenMag	
5. rotatedPointOrig	←	ROTATE(nextTarget,	referenceTarget,	rotateAngleOrig)	
6. rotatedPointMag	←	ROTATE(nextTarget,	magReferenceTarget,	rotateAngleMag)	
7. edgeDistance	←	(referenceTarget.X	–	referenceTarget.Radius)	–	
8. (rotatedPointOrig.X	+	nextTarget.Radius)	
9. rotatedPointMag.X	←	(magReferenceTarget.X	–	magReferenceTarget.Radius)	–	
10. 	(edgeDistance	+	(nextTarget.Radius	×	magFactor))	
11. rotatedPointMag	←	ROTATE(rotatedPointMag,	magReferenceTarget,	–rotateAngleOrig)	
12. return	new	Target(rotatedPointMag,	nextTarget	×	magFactor)	
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