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Did(we(solve(Computer(Vision?(
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Vision(is(based(on(inference(
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What(makes(us(perceive(objects(in(images?(

Hypothesis:(process'images'bo-om.up'
–(Extract(“features”(
–(Combine(features(with(prior(knowledge(to(
classify(objects(in(the(image(at(a(highUlevel(
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Image(Acquisi.on(

RGB(Pixel(Representa.on(

Luminance(Representa.on(

Edges(at(Mul.ple(Scales(

Extrema(of(Edges(

Collec.on(of(Features(

Template(of(an(Object(

Real(world(scene(containing(an(Object(
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Grouping(of(Features(=((
MidUlevel(descrip.on(

Pixels(=((
LowUlevel(descrip.on(

Single(feature(=((
LowUlevel(descrip.on(

Seman.c(label(=((
HighUlevel(descrip.on(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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Infrared(Camera(
Depth(Sensor(
High(Contrast(Background(
Controlled(Ligh.ng((

( Infrared(spots(for(infrared((
( NoUInfrared(for(Kinect(
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Ideal(setup(for(detec.ng(Blobs(
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Popular(Uses(of(Blob(Detec.on:(

Shape(Detec.on( (e.g.(Convex(Hull)(
Mo.on(Capture((e.g.(Pfinder)(
HumanUComputer(Interac.on((e.g.(Kreuger)(
Ac.on(Detec.on( (e.g.(Anomalous(ac.vi.es)(
Surveillance((e.g.(Tracking(Humans/Cars/

Traffic(Analysis)(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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Easy:(take(a(picture(without(anyone/anything(in(it(
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Harder:(Unable(to(remove(all(foreground(objects…(

Ideas?(
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…(

0( 255(

Frequency(

Median(=(50((you(could(also(use(the(mean)(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
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…(

0( 255(

Median(=(50(

Frequency(
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Threshold(=(15(



…(

0( 255(

Median(=(50(

Frequency(

Threshold(=(15(

Foreground(Pixels(

Background(Pixels(
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Background(Subtrac.on(

0( 255(

Median(=(50(

Frequency(

Threshold(=(15(

Foreground(Pixels(
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Background(Subtrac.on(
Issues:(
1.  Fixed(model(doesn’t(interpret(

changes(in(ligh.ng(over(.me.(

2.  What(is(a(good(threshold(

3.  What(if(the(background(isn’t(
described(by(a(single(median(
value,(but(2,(or(3…,(and(those(
medians(change(over(.me?(
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Background(Subtrac.on(
Issues:(
1.  Fixed(model(doesn’t(interpret(

global(changes(in(scene(over(.me.(

2.  What(is(a(good(threshold(

3.  What(if(the(background(isn’t(
described(by(a(single(median(value,(
but(2,(or(3…,(and(those(medians(
change(over(.me?(

Use(a(running'average'of(the(
past(X(seconds(of(observa.ons(

to(train(our(background(

Use(a'probabilis=c'density'
model'such(as(a(Gaussian(

Model(

Use(a(mixture'of(Gaussian(
models(
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GMM(Background(Model(
1.  For(each(pixel,(add(the(previous(X(seconds(

worth(of(observa.ons(to(a(vector(
2.  Train(a(Gaussian(Mixture(Model(on(all(

observa.ons(
3.  A(foreground(pixel(is(any(pixel(not(explained(

by(the(GMM(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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Connected(Components(
On(the(first(pass:(
Iterate(through(each(element(of(the(data(by(column,(then(by(row((Raster(Scanning)(
If(the(element(is(not(the(background((

Get(the(neighboring(elements(of(the(current(element(
If(there(are(no(neighbors,(uniquely(label(the(current(element(and(con.nue(
Otherwise,(find(the(neighbor(with(the(smallest(label(and(assign(it(to(the(current(
element(
Store(the(equivalence(between(neighboring(labels(

On(the(second(pass:(
Iterate(through(each(element(of(the(data(by(column,(then(by(row(
If(the(element(is(not(the(background((

Relabel(the(element(with(the(lowest(equivalent(label(
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Connected(Components(
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Connected(Components(
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Connected(Components(

Only(works(on(binary(images((thresholded(images)(

Collects(connected(regions(into(labeled(groups(

Useful(if(you(have(mul.ple(objects(to(track(

Doesn’t(work(well(with(noisy(images((poor(thresholding)((
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Morphological(Operators(
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Morphological(Operators(
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Morphological(Operators(

Dila.on(
The(value(of(the(output(pixel(is(the(maximum(value(of(all(the(
pixels(in(the(input(pixel's(neighborhood.(In(a(binary(image,(if(any(
of(the(pixels(is(set(to(the(value(1,(the(output(pixel(is(set(to(1.(

Erosion(
The(value(of(the(output(pixel(is(the(minimum(value(of(all(the(
pixels(in(the(input(pixel's(neighborhood.(In(a(binary(image,(if(any(
of(the(pixels(is(set(to(0,(the(output(pixel(is(set(to(0.(
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Morphological(Operators(
Dila.on((
Adds(pixels(to(the(boundaries(of(objects(in(an(
image(

Erosion((
Removes(pixels(on(object(boundaries((

The(number(of(pixels(added(or(removed(from(the(
objects(in(an(image(depends(on(the(size(and(shape(
of(the(structuring'element(used(to(process(the(
image.(
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Morphological(Operators(
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Morphological(Operators(
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Morphological(Operators(
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Morphological(Operators(
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Morphological(Operators(

Can(help(you(get(clean(blobs((
Removes(noise(
Closes(holes(
Use(in(conjunc.on(with(blurring(((
Apply(before(connected(components(analysis(
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Hypothesis:(things'separate'from'ground'must'
belong'to'objects'(figure/ground;'gestalt'grouping)'
–(Store(background(
–(Anything(unlike(background(becomes(“figure”,(or(
foreground,(perform(opera.on(per(pixel(
–(Collect(foreground(pixels(into(blobs(
–(Track(blobs(into(the(next(frame(

What(makes(us(perceive(objects(in(3D?(
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foreground,(perform(opera.on(per(pixel(
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Recogni.on(≠(Detec.on(≠(Tracking(
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Tracking(blobs(
Problem(Statement:(
Mul.ple(blobs(can(be(found(each(frame.((How(do(we(
keep(a(unique(id(for(each(blob(that(is(tracked(over(.me,(
for(each(new(frame,(and(which(disappears(when(the(blob(
leaves?(
Can(we(infer(the(blob’s(id(again(if(it(comes(back(into(view(
amer(having(disappeared?(
Can(we(infer(where(the(blob(will'go,(extrapola.ng(their(
movement(into(the(future?(
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Tracking(blobs(
Simplest(algorithm:(
1.  Assign(each(blob(a(unique(id.(
2.  Sort(the(distances(to(each(blob.(((
3.  Use(the(blob(id(with(the(smallest(distance.(((
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Tracking(blobs(
Simplest(algorithm:(
1.  Assign(each(blob(a(unique(id.(
2.  Sort(the(distances(to(each(blob.(((
3.  Use(the(blob(id(with(the(smallest(distance.(((

Issues:(
• (Doesn’t(know(what(to(do(when(blobs(collide(to(become(
one(blob(
• (Can’t(guess(into(the(future((though(can(w/(minimal(
work)(
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Tracking(blobs(

Other(popular(algorithms:(
1.  Kalman(Filter((e.g.(GPS)(
2.  Par.cle(Filter(
3.  Condi.onal(Density(Propaga.on((Condensa.on)(

Tracking(
4.  AppearanceUbased(methods(
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Possible(Blob(Features(
Area(

Perimeter(
Contour(
Centroid(

Bounding(Box(
Orienta.on(
Velocity(

Accelera.on(
SilhoueJe(

Shape((Convex(Hull)(
Skeleton(

Movement?(Behavior?(Gesture?(
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Control(your(environment(

Stable(Camera(
Minimal(external(ligh.ng(

Manual(exposure(
Manual(focus(

Camera(resolu.on(
Camera(framerate(
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Possible(Direc.ons(

• (((((Appropria.on(of(CCTV(footage(
• (((((Detec.ng(shape(of(Blobs(for(doing(more(interes.ng(
interac.on(than(just(the(posi.on,(e.g.(Kreuger/Funky(
Forest(
• (((((Live(video(mixing(with(silhoueJe(


