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True  or  false:

Every  cell  in  the  human  body  
gets  replaced  every  7  years



3

Continuously  Rebuilding  the  Human  Body

§ Mostly  true
– Skin  cells  – 35  days
– Red  blood  cells  – 120  days
– Skeleton  – 10  years
– Neocortical  neurons  – lifetime

Public  domain
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Continuously  Rebuilding  MATLAB

Almost  everything  in  
MATLAB  is  completely  
new  or  has  been  rebuilt  
over  the  last  7-­10  years.
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Continuously  Rebuilding  MATLAB

Why?

Your  needs  change.

Computational  
technologies  and  
environments  change.

The  pace  of  change  in  
MATLAB has  never  
been  more  rapid.
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So  Here's  Where  We're  Going  in  the  Next  Hour

§ Access
– Files
– Software
– Hardware

§ Graphics
§ Math
§ Software  Development
§ Image  Processing
§ Computer  Vision
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Image  File  Enhancements

Image   credit:  Michael  Beckwith

TIFF:
LogL and  LogLUV HDR  files
BigTIFF

NITF  JPEG

DPX

DICOM  anonymizer
(privacy  requirements)
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>>  dicomanon('31237418','31237418a')
>>  info =  dicominfo('31237418a');
>>  info.PatientName

ans  =

FamilyName:  ''
GivenName:  ''

MiddleName:  ''
NamePrefix:  ''
NameSuffix:  ''

31237418
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Video  and  Audio  File  Enhancements
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Scientific  Data  File  Enhancements

Image   credit:  NASA,  ESA   &  John   T.  Clarke  (Univ.  of  Michigan)

HDF5,  netCDF

OPeNDAP online  servers

FITS  export
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Datastores

Datastore – for  reading  structured  data  in  one  
or  many  files

Good  for  big  data,  Hadoop,  HDFS

Tabular  text  datastores
Image  datastores
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Web  Service  Interfaces

§ Often  called  RESTful interfaces
§ webread
§ webwrite
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Example  RESTful API:  NASA  Landsat  Imagery

https://api.nasa.gov/api.html#imagery
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>>  url =  'https://api.nasa.gov/planetary/earth/imagery';
>>  result  =  webread(url,...

'lat',42.300,...
'lon',-­‐71.351,...
'api_key','DEMO_KEY')

result  =

date:  '2015-­‐08-­‐28T15:26:54'
url:  'https://earthengine.googleapis.com/api/thum…'
id:  'LC8_L1T_TOA/LC80120312015240LGN00'

>>  mw  =  webread(result.url);
>>  imshow(mw)
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>>  url =  'https://api.nasa.gov/planetary/earth/imagery';
>>  result  =  webread(url,...

'lat',42.300,...
'lon',-­‐71.351,...
'api_key','DEMO_KEY')

result  =

date:  '2015-­‐08-­‐28T15:26:54'
url:  'https://earthengine.googleapis.com/api/thum…'
id:  'LC8_L1T_TOA/LC80120312015240LGN00'

>>  mw  =  webread(result.url);
>>  imshow(mw)
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Web  Service  Interface  options

§ Character  encoding
§ Timeout  (how  long  before  giving  up  on  request)
§ Username,  password
§ Request  method  (GET  or  POST)
§ Desired  content  type  (text,  audio,  image,  table,  etc.)
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OpenCV Interface:  What's  Included

§ Prebuilt  OpenCV binaries
§ Build  script  to  create  OpenCV based  MEX-­files
§ Data  type  conversions  between  MATLAB  and  OpenCV
§ Examples  to  help  get  started  with  common  workflows
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Python

§ Call  Python  from  MATLAB
§ Call  MATLAB  from  Python
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>>  T  =  'A  watershed  is  the  ridge  that  divides  areas  drai
>>  tw =  py.textwrap.TextWrapper(pyargs(...        

'initial_indent',  '%  ',  ...
'subsequent_indent',  '%  ',  ...
'width',  int32(30)));

>>  wrapped  =  wrap(tw,T);
>>  wrapped  =  cellfun(@(pystr)  {char(pystr)},wrapped);
>>  fprintf('%s\n',wrapped{:})

%  A  watershed  is  the  ridge
%  that  divides  areas  drained
%  by  different  river  systems.
%  A  catchment  basin  is  the
%  geographical  area  draining
%  into  a  river  or  reservoir.
%  The  watershed  transform
%  applies  these  ideas  to  gray-­‐
%  scale  image  processing  in  a
%  way  that  can  be  used  to
%  solve  a  variety  of  problems.
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>>>  import  matlab.engine
>>>  eng =  matlab.engine.start_matlab()
>>>  t  =  eng.gcd(18.0,4.0,nargout=3)
>>>  print(t)
(2.0,  1.0,  -­‐4.0)  
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Explosion  in  Hardware  Support

117  manufacturers

Application  areas:
• Communications
• Control  systems
• DSP
• Embedded  systems
• FPGA
• Image  processing  and  
computer  vision

• Internet  of  things
• Mechatronics

Protocols  and  standards:
• Audio
• Bluetooth
• CAN
• Ethernet
• I2C/SPI
• Safety
• Serial
• USB
• Video
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Explosion  in  Hardware  Support
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USB  Webcam  and  IP  Cameras
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Microsoft  Kinnect

§ Image  Acquisition  Toolbox
(Windows  only)
– Depth  map  
– Video  
– Skeleton  data  for  up  to  6  people  in  field  of  view
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Foolish  Demo
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>>  t  =  0:0.01:4*pi;
>>  p  =  plot(t,sin(t))

p  =

174.0016

0 2 4 6 8 10 12 14
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1



36

>>  t  =  0:0.01:4*pi;
>>  p  =  plot(t,sin(t))

p  =

Line with  properties:

Color:  [0  0.4470  0.7410]
LineStyle:  '-­‐'
LineWidth:  1.5000

Marker:  'none'
MarkerSize:  6

MarkerFaceColor:  'none'
XData:  [1x1257  double]
YData:  [1x1257  double]
ZData:  [1x0  double]

Show  all  properties
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>>  p.LineStyle =  '-­‐-­‐';
>>  p.LineWidth =  3;
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>>  x  =  0:0.1:20;
>>  plot(x,besselj(0,x));
>>  grid  on
>>  title('Bessel  Functions  of  the  First  Kind')
>>  xlabel('x')
>>  ylabel('J_v(x)')
>>  hold  on
>>  plot(x,besselj(1,x))
>>  plot(x,besselj(2,x))
>>  plot(x,besselj(3,x))
>>  hold  off
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Antialiased lines,  text

Subtle  grid  color
that  doesn't  distract

Line  colors  easier  to
distinguish

Better  "hold  on"  behavior

Better  title  formatting
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"I  would  like  to  have  a  y-­axis  from  0  to  2  
with  an  exponent  of  10^-­2"
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"I  want  all  my  axes  tick  labels  to  have
one  fractional  digit."
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>>  plot([0  1],[0  0.02])
>>  ax  =  gca;
>>  yruler =  ax.YAxis

yruler =      

NumericRuler with  properties:

Limits:  [0  0.020000000000000]
Scale:  'linear'

Exponent:  0
TickValues:  [1x11  double]

TickLabelFormat:  '%g'    

Show  all  properties
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>>  yruler.Exponent =  -­‐2;
>>  yruler.TickLabelFormat =  '%4.2f';  
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>>  theta  =  linspace(0,2*pi,100);
>>  unit_circle_x =  cos(theta);
>>  unit_circle_y =  sin(theta);
>>  plot([0  0],[-­‐0.5  0.5],'xk',...

'MarkerSize',15)
>>  hold  on
>>  plot(-­‐2,0,'ok','MarkerSize',15)
>>  plot(unit_circle_x,unit_circle_y,...

'Color',[.7  .7  .7],...
'LineStyle','-­‐-­‐');

>>  hold  off
>>  axis([-­‐2.25  1.25  -­‐1.25  1.25])
>>  axis  equal
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>>  theta  =  linspace(0,2*pi,100);
>>  unit_circle_x =  cos(theta);
>>  unit_circle_y =  sin(theta);
>>  plot([0  0],[-­‐0.5  0.5],'xk',...

'MarkerSize',15)
>>  hold  on
>>  plot(-­‐2,0,'ok','MarkerSize',15)
>>  plot(unit_circle_x,unit_circle_y,...

'Color',[.7  .7  .7],...
'LineStyle','-­‐-­‐');

>>  hold  off
>>  axis([-­‐2.25  1.25  -­‐1.25  1.25])
>>  axis  equal
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>>  ax  =  gca;
>>  ax.XAxisLocation =  'origin';
>>  ax.YAxisLocation =  'origin';
box  off
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What's  a  Parula?

Image   credit:  Dario  Sanches.   Cropped   by  Steve   Eddins
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The  "jet"  colormap
MATLAB  default  from  1997  – 2014
Also  known  as  a  "rainbow"  colormap
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IEEE  Computer
Graphics  and
Applications,
2007
Borland  &  
Taylor  II
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IEEE  Spectrum,  1998
Rogowitz &  Treinish
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EOS,  Transactions  of
American
Geophysical
Union,  2004
Light  &Bartlein
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Rainbow  criticisms

§ Confuses  viewers  because   lack  of  perceptual  ordering  
of  spectral  colors

§ Obscures  data  detail  in  some  parts  of  colormap
§ Conveys  false  data  detail  in  other  parts  of  colormap
§ Causes  difficulty  for  some  color-­impaired   viewers
§ Prints  poorly  to  gray-­scale  devices
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MATLAB  Math  Topics

§ Histograms
§ Alpha  shapes
§ Graphs
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Histograms:  A  New  Project  Begins

§ Peter
"Hey,  you  know  we  could  really  be  doing  a  lot  better  with  histograms  
in  MATLAB."

§ The  rabble  
"What  do  you  mean?  hist has  been  in  MATLAB  since  the  dawn  of  
time.  What's  the  problem?"

§ Peter  (later,  and  at  regular   intervals)
"Hey,  you  know  we  could  really  be  doing  a  lot  better  with  histograms  
in  MATLAB."

§ The  rabble  (eventually)
"OK,  let's  do  some  research  on  this."  
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Issues  with  hist

§ Confusion  over  hist and  histc
§ Default  selection  of  10  bins
§ Floating-­point   input  only
§ Awkward  behavior  at  left-­most  and  right-­most  bin  edges
§ Histogram  chart  looks  bad  for  multiple  histograms
§ Modifying  histogram  chart  appearance  too  difficult
§ Normalization   computation  subtle,  mistake-­prone
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>>  data  =  random('chi2',4,10000,1);
>>  hist(data)
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>>  data  =  random('chi2',4,10000,1);
>>  histogram(data)
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>>  bin_edges =  [-­‐100  (-­‐20:2:20)  100];
>>  histogram(data,bin_edges)
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>>  bin_edges =  [-­‐100  (-­‐20:2:20)  100];
>>  histogram(data,bin_edges,'Normalization','countdensity')
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>>  hist([data1  data2])
>>  histogram(data1)
>>  hold on
>>  histogram(data2)
>>  hold off
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>>  h  =  histogram(data1)

h  =      Histogram with  properties:

Data:  [5000x1  double]
Values:  [1x37  double]
NumBins:  37

BinEdges:  [1x38  double]
BinWidth:  0.2000

BinLimits:  [-­‐3.8000  3.6000]
Normalization:  'count'

FaceColor:  'auto'
EdgeColor:  [0  0  0]

Show  all  properties
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Alpha  Shapes
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>>  a  =  alphaShape(x,y,20)

a  =

alphaShape with  properties:

Points:  [1411x2  double]
Alpha:  20

HoleThreshold:  0
RegionThreshold:  0

>>  plot(a)
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Alpha  Shape-­Based  Geometrical  Computations

alphaSpectrum perimeter
criticalAlpha area
numRegions surfaceArea
inShape volume
alphaTriangulation nearestNeighbor
boundaryFacets
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>>  plot(x,y,'.')
>>  axis  equal
>>  k  =  boundary(x,y);
>>  hold  on
>>  plot(x(k),y(k),'r','LineWidth',3)
>>  hold  off

The  boundary function  is
one  application  of  alpha  
shapes.
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>>  [r,g,b]  =  meshgrid(linspace(0,1,50));
>>  rgb =  [r(:),  g(:),  b(:)];
>>  lab  =  rgb2lab(rgb);

>>  a  =  lab(:,2);
>>  b  =  lab(:,3);
>>  L  =  lab(:,1);
>>  k  =  boundary(a,b,L);

>>  trisurf(k,a,b,L,'FaceColor','interp',...
'FaceVertexCData',rgb,'EdgeColor','none')

>>  xlabel('a*')
>>  ylabel('b*')
>>  zlabel('L*')
>>  axis([-­‐110  110  -­‐110  110  0  100])
>>  view(-­‐10,35)
>>  axis equal

The  boundary function  
works  in  3-­D,  too.
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Graphs
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>>  G  =  graph({'A',  'B',  'B'},  {'B',  'C',  'D'})

G  =      graph with  properties:

Edges:  [3x1  table]
Nodes:  [4x1  table]

>>  plot(G)
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>>  s  =  [1  1  2  2  3  3  4  4  5  5];
>>  t  =  [2  5  3  4  4  5  3  1  1  6];
>>  names  =  {'alpha',  'beta',  'gamma',  ...

'delta',  'epsilon',  'zeta'};
>>  weight  =  randi(100,  size(s));
>>  D  =  digraph(s,  t,  weight,  names)

D  =

digraph with  properties:

Edges:  [10x2  table]
Nodes:  [6x1  table]

>>  plot(D)
>>  axis  equal
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>>  s  =  [1  1  2  2  3  3  4  4  5  5];
>>  t  =  [2  5  3  4  4  5  3  1  1  6];
>>  names  =  {'alpha',  'beta',  'gamma',  ...

'delta',  'epsilon',  'zeta'};
>>  weight  =  randi(100,  size(s));
>>  D  =  digraph(s,  t,  weight,  names)

D  =

digraph with  properties:

Edges:  [10x2  table]
Nodes:  [6x1  table]

>>  plot(D,'Layout','circle')
>>  axis  equal
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>>  p  =  plot(D)

p  =

GraphPlot with  properties:

NodeColor:  [0  0.4470  0.7410]
MarkerSize:  4

Marker:  'o'
EdgeColor:  [0  0.4470  0.7410]
LineWidth:  0.5000
LineStyle:  '-­‐'
NodeLabel:  {'alpha'    'beta'    'gamma'    'delta'    'epsilon'    'zeta'}
EdgeLabel:  {}

XData:  [-­‐0.0350  0.5891  0.4312  0.9742  -­‐0.5613  -­‐1.3981]
YData:  [0.4486  0.8689  -­‐0.1321  0.3850  -­‐0.4499  -­‐1.1206]

Show  all  properties



96

>>  p.MarkerSize =  8;
>>  p.Marker =  'x';
>>  p.EdgeColor =  'red';
>>  p.LineWidth =  1.5;

  alpha

  beta

  gamma

  delta

  epsilon

  zeta
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>>  path  =  shortestpath(D,  'alpha',  'zeta')

shortPath =

'alpha'        'epsilon'        'zeta'

>>  p  =  plot(D);
>>  highlight(p,  shortPath,  ...

'MarkerSize',12,...
'EdgeColor','r',...
'LineWidth',3)

  alpha

  beta

  gamma

  delta

  epsilon

  zeta
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>>  distances(D)

ans =

0          9        28        81        42      139
118          0        19        72      108      205
99      108          0        53        89      186
47        56        65          0        89      186
10        19        38        91          0        97
Inf Inf Inf Inf Inf 0

>>  outdegree(D)

ans =

2
2
2
2
2
0
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>>  g8  =  imageGraph([480  640],8)

g8  =

graph  with  properties:

Edges:  [1225442x2  table]
Nodes:  [307200x2  table]

>>  g8.Nodes(1:4,:)

ans =

x        y
_        _
1        1
1        2
1        3
1        4

imageGraph and
plotImageGraph are
Steve's  prototype  functions.
Look  for  them  on  the
File  Exchange  soon.
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>>  g8.Edges(1:4,:)

ans =

EndNodes Weight
________        ______
1            2                  1
1        481                  1
1        482        1.4142
2            3                  1

>>  plotImageGraph(g8)
>>  axis([100  110  100  110])

100 101 102 103 104 105 106 107 108 109 110

100

101

102

103

104

105

106

107

108

109

110
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>>  bw =  imread('text.png');
>>  g  =  imageGraph(size(bw),8);
>>  foreground_nodes =  find(bw);
>>  g  =  subgraph(g,foreground_nodes);
>>  plotImageGraph(g)
>>  axis([60  85  30  45])

A  binary  image  mask  can  be
used  to  compute  a  subgraph.

60 65 70 75 80 85

30

35

40

45
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A  Cheating  Maze  Solver
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>>  maze  =  imread('maze-­‐51x51.png');
>>  g  =  imageGraph(size(maze),8);
>>  tunneling_penalty =  100;

>>  touches_wall =  any(~maze(g.Edges.EndNodes),2);
>>  g.Edges.Weight(touches_wall)  =  tunneling_penalty;

>>  p  =  shortestpath(g,start_node,finish_node);

>>  imshow(maze)
>>  hold  on
>>  plot(g.Nodes.x(p),g.Nodes.y(p),'r','LineWidth',5)
>>  hold  off



104



105



106

MATLAB  Performance

Reporting  and  
Documentation

Outputs  for  Design

Deployment

ShareExplore  &  Discover

Data  Analysis  
&  Modeling

Algorithm  
Development

Application  
Development

Files

Software

Hardware

Access

Code  &  
Applications



107

MATLAB  Execution  Engine

§ The  old  MATLAB  interpreter  is  no  more.
§ All  MATLAB  code  is  compiled  to  
machine  code  just-­in-­time  (JIT)
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User  Application  Benchmarks
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Notable  Speed-­ups

§ Function  calls
§ Some  element-­wise  operations
§ Some  object-­oriented   code
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>>  f  =  @()  fibonacci(25);
>>  timeit(f)

ans =

0.7781

function  x  =  fibonacci(n)
if  n  <  2
x  =  n;;
return

else
x  =  fibonacci(n-­1)  +  fibonacci(n-­2);;

end
end

0.7781
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>>  f  =  @()  fibonacci(25);
>>  timeit(f)

ans =

0.0113

function  x  =  fibonacci(n)
if  n  <  2
x  =  n;;
return

else
x  =  fibonacci(n-­1)  +  fibonacci(n-­2);;

end
end

0.7781

0.0113

Ratio:  68.9
On  Steve's  MacBook  Pro
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Faster  Functions

§ Dozens  of  MATLAB  functions
§ Dozens  of  Image  Processing  Toolbox  functions
§ More  are  optimized  during  every  six-­month  release  
cycle  via:
– Algorithm  changes
– Multithreading
– Advanced  processor  instructions
– Improved  memory  cache  efficiency
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Some  Faster  MATLAB  Functions

conv2 integer conversion  
functions

integer arithmetic  
functions

fft sortrows convn
histc svd trig  functions
decimal  trig  functions chol textscan
qr interpolation  functions rand
Bessel functions airy psi
permute flip circshift
repmat linear  algebra functions  

(AMD)
filter

readtable sort typecast
Excel  I/O  functions table I/O  functions VideoReader
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Some  Faster  Image  Processing  Toolbox  
Functions

edge imdilate imerode
imfilter imresize iradon
medfilt2 bwmorph imabsdiff
imclose imopen dicomread
std2 blockproc (in  parallel  

clusters)
imhist

rgb2gray imlincomb adapthisteq
histeq imrotate intlut
DICOM functions Gaussian filtering
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Computing  on  the  GPU

§ Requires  Parallel  Computing  Toolbox
§ And  a  supported  GPU

– CUDA-­enabled  NVIDIA  GPU  with  compute  capability  2.0  or  
higher

§ 311  MATLAB  functions  supported
§ 48  Image  Processing  Toolbox  functions  supported



116

Software  Development

Reporting  and  
Documentation

Outputs  for  Design

Deployment

ShareExplore  &  Discover

Data  Analysis  
&  Modeling

Algorithm  
Development

Application  
Development

Files

Software

Hardware

Access

Code  &  
Applications



117

Do  You  Distribute  Code  Collections  to  Others?

Then  you  have  fallen  into  the  world  of  the  software  
developer.
There  are  some  things  you  need:
§ Version  control
§ File  and  folder  comparison  tools
§ Unit  testing  tools
§ Packaging
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File  and  Folder  Comparison  Tool
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File  Revision  History
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Toolbox  Packager  (produces  self-­
installing   file)
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Unit  Testing

§ Verify  the  expected  behavior  of  the  smallest  
components  of  your  code

§ Automate  the  verification  process  that  it  can  be  easily  
(and  frequently!)  repeated

§ Demo:  writing  test  cases  by  writing  functions
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MATLAB  Unit  Testing  Framework

§ Supports  a  variety  of  test  writing  styles:
– Scripts
– Functions
– Custom  TestCase objects

§ Large  collection  of  validation  checks
§ Extensively  customizable

– test  fixtures
– parameterized  tests
– diagnostics
– plugins
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Image  Registration

§ Intensity-­based
– Unimodal
– Multimodal

§ Phase  correlation
§ Translation-­only
§ Nonrigid
§ Visualization

– imshowpair
– imfuse



127

Image  Analysis  and  Segmentation

§ Circle  finding
§ Active  contours
§ Fast  marching  segmentation
§ Fast  geodesic   interactive  segmentation
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General  Image  Processing  Operators

§ Binary  image  convex  hulls
§ Geodesic  distance  transform
§ Gradient  magnitude,  phase,  x-­ and  y-­components
§ Multilevel   thresholding
§ Quality  metrics
§ Gabor  filtering
§ Box  filtering
§ Gray-­level  connected  components
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Image  Processing  Apps

§ Color  Image  Thresholder
§ Image  Segmentation
§ Image  Region  Analyzer
§ Batch  Image  Processor
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Color  Thresholder Demo
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Feature  Detection  and  Extraction

§ SURF
§ MSER
§ BRISK
§ Harris  Corner
§ FREAK
§ HOG
§ LBP
§ Feature  matching
§ Visualizations  for  features,  feature  matching
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Object  Detection  and  Recognition

§ Cascade  detector  (Viola-­Jones)
– Face  detector
– Upper  body  detector

§ Cascade  detector  training
§ HOG-­based  pedestrian  detector
§ Bag-­of-­features  (BoF)
§ Image  category  classification
§ Image  search  and  retrieval
§ Training   image  labeler  app
§ Nonmaximal bounding  box  suppression
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Object  Tracking

§ Multiobject tracking  framework
– Kalman filter
– Hungarian  algorithm  for  detection  with  tracks

§ CAMShift tracker
§ KLT-­based  point  tracker
§ Tracked  object  annotation
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3-­D  Point  Cloud  Processing

§ K-­D  tree-­based  neighborhood   search
§ Point  cloud  file  I/O
§ Registration
§ Rigid  transformation
§ Point  cloud  stitching
§ Downsampling
§ Import  point  clouds  from  
Microsoft  Kinnect

§ Geometric  shape  fitting
§ Streaming  point  cloud  viewer
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Camera  Calibration

§ Single-­camera   calibration  functions  and  interactive  app
§ Stereo-­camera  calibration  functions  an  interactive  app
§ Estimation  of  camera  calibration  errors
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Multiple  View  Geometry

§ Stereo  vision
– Stereo  rectification
– Disparity  calculation
– 3-­D  scene  reconstruction

§ Fundamental  matrix  estimation
§ Camera  pose  estimation
§ Camera  location  visualization
§ Triangulation
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Camera  Calibrator  Demo
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Generate  C  Code  from  your  Algorithms

§ Requires  MATLAB  Coder
§ 80  Image  Processing  Toolbox
functions

§ Most  Computer  Vision  System
Toolbox  functions
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A  Lot  Has  Happened  in  Five  Years!

§ Access
– Files
– Software
– Hardware

§ Graphics
§ Math
§ Software  Development
§ Image  Processing
§ Computer  Vision
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