
Seeing With OpenCV
Follow That Face!

descr ibed in last  month 's  ar t ic le .  To do
that ,  however,  you 'd need to decide i f
the face you detected in  each f rame is
the same face.  l f  the detector  f inds
more than one face in  a f rame, you'd

need to decide which detect ion is  the

one  you ' re  t r ack ing .  F ina l l y ,  i f  a
pe rson ' s  head  t i l t s  t owards  one
shoulder ,  or  turns towards prof i le  v iew,
the f ronta l  face detector  wi l l  no longer
r io tcr t  i t  cn vnrr 'd  nepd to handle thatJ v  t v u

s i t ua t i on ,  as  we l l .
Fo r tuna te l y ,  OpenCV inc ludes

specia l ized code for  t rack ing a face

ef f ic ient ly ,  us ing cont inui ty  between
frames to help f ind the best  match for
the face i t 's  fo l lowing.

The a lgor i thm that  OpenCV uses
for  face t rack ing is  ca l led Camshi f t
Camshi f t  uses color  in format ion,  but

rather  than re ly ing on a s ingle color ,  i t

t racks a combinat ion of  co lors.  Since i t
tracks by color, it can follow a face
through or ientat ion changes that  the
Haar detector  can' t  handle.  The s idebar,

Last month's article in this
series explained how to
implement and configure
face detection. This month,
l'll show you how to use
OpenCV to track atace once
you've detected it.

Face Tracking in
OpenCV

Tracking a face is  more dr f f icu l t
than t rack ing a st rongly-colored object .
Skin ref lects the ambient  l ight  in  subt le,

changing ways as a person's  head
turns or  t i l ts .

In  pr inc ip le,  you could t rack a face
by locat ing i t  over  and over  In every
f rame ,  us ing  the  Haar  de tec to r "How OpenCV's

Face Tracker Works,"
exp la ins  th is  a lgo-

FIGURE 1.  OpenCV's
face tracker in action,
It 's able to follow a
face as it t i l ts to one
side and dur ing a turn ;
to profile.

r i thm in more deta i l
Camshi f t  was or ig inal ly  developed

for  hands- f ree gaming.  l t 's  designed to
be very fast  and 

" l ightweight"  so the
computer  can do other  tasks whi le

t rack ing.  Since i t  was developed as a
gaming inter face,  Camshi f t  a lso has an
( l imi ted)  abi l i ty  to  detect  changes in

head posi t ion,  such as t i l t ing the head
to one s ide.  Could you use that  abi l i ty
t o  commun ica te  w i t h  you r  robo t?
Maybe two fast  head t i l ts  mean 

"Come

here,  robot ! "
F igure 1 shows OpenCV's face

tracker  in  act ion -  fo l lowing a face as
i t  t i l ts  to  one s ide and dur ing a turn to
prof  i le .

The Camshift Demo
The  OpenCV samp les  d i rec to rY

conta ins a program cal led camshrf t -
demo. You can get  some good hands-
on exper ience and an intu i t ive feel  for
the Camshi f t  a lgor i thm wi th th is  demo
program. Here are the steps for  doing
that :

1 )  P lug  i n  a  webcam.

2)  Launch the program cal led camshi f t -
demo in the samples d i rectory.

3)  Use your  mouse to select  a rectangle

centered t ight ly  on your  face.

4)  Cl ick in  the v ideo-display window
and type the le t ter  b.  (The d isplay
should change to look something l ike
the  v iew  i n  F igu re  2 . )

i l

t.t

FIGURE 2. To tune the Camshift parameters
smin drtd rmin" run the camshiftdemo I
program in the samples directory. These
parameters are easier to set if you toggle
to the backprojection view by clicking in
the view window, then typing b,
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-  :enCV's face t racker  uses an a lgor i thm cal led Camshi f t ,
' -  ' :  consis ts  of  four  s tePs:

.z-:e a color histogram to represent the face.

, :- ate a "face probabil ity" for each pixel in the incoming
' - ' : ' : :  

. : _ - _ ! ! L ^ '  d e o f r a m e .- ' i  the location of the face rectangle in each vi

- :  : , la te the s ize and angle,

' l  : 'row each steP works:

. 'eate a histogram. Camshift represents the face it 's
- .  ^S as a h is togram (a lso cal led a barchar t )  of  co lor  va lues.

FIGURE A. Two examples of
th€ color  h is togram that
Camshift uses to represenl a
face,

backprojection" in OPenCV.
Ihere's a built- in method
that  implements i t ,  ca l led
^ - . ^ ^ f  ^ n ^ ^ r , -  ^ l ^ ^
c v (  d .  c d o c K P r  o l e c .  . .

Figure C shows the
face-probabi l i ty  image in
one v ideo f rame as Camshi f t
tracks my face. Black pixels
have the lowest probabil itY
valug and whi te,  the h igh-

-- colored bar indicates how many pixels in an image
: . ldve that "hue." Hue is one of three values describing
,e s color  in  the HSV (Hue,  Saturat ion,  Value)  color  model .
' -ore on color and color models, see "Ihe World of
: ' SERVO Magazine, November'05,)

'a A shows two example histograms produced by the
- = ̂ rf t demo program that ships with OpenCV. The height of

est. Gray pixels l ie somewhere in the middle.

3) Shift to a new location. With each new video frame,
Camshift "shifts" its estimate of the face location, keeping it
centered over the area with the highest concentration of
bright pixels in the face-probabil ity image. lt f inds this new
f,ra"utlon OV ttarting at the previow to.u-tion and computing
the cenler of gravity of the face-probabil ity values within a
rectangle. lt then shifts the rectangle so it 's right over the
center of gravity. lt does this a few times to center the
rectangle wel l .  The OpenCV f  unct ion cvcars r i f  -  r  )

implements the steps for shift ing to the new location.
This process of shift ing the rectangle to correspond with

the center of gravity is based on an algorithm called "Mean

Shi f t , "  by Dor in Comanic iu,  In  fact ,  Camshi f t  s tands for
"Cont inuously Adapt ive Mean Shi f t . "

4) Calcutate size and angte. The OpenCV method is
called "Continuously Adaptive" and not just "Mean Shift"
because it also adjusts the size and angle of the face
rectangle each time it shifts it, l t does this by selecting the
scale and or ientat ion FIGURE C. The normal  and face-
that are the best f it to probabil ity views as Camshift tracks
the face-probabi l i ty  my face.  In  the face-probabi l i ty
pixels inside the n€w view, black pixels have the lowest

iu.ii"si" r;."ii." ;?];? il:#2i1,"f"'f,lf,fil;f.',?

:-e next most common, The bottom histogram shows a

- the image region represented by the top histogram, a
^ hue is  most  common, and a s l ight ly  more lavender hue

:a in which the most common hue is the rightmost bin.
. rue is almos! but not quite, red,

-atculate face probability - simpler than it sounds! fhe
::gram is created only once, at the start of tracking.

Face probabil ity" sounds terribly complicated and heav-
* athematical, but it 's neither! Here's how it works. Figure B

:e'wards, it 's used to assign a "face-probabil ity" value to
-- rrr l6g€ pixel in the video frames that fol low'

-  ̂ 's the bars from a histogram stacked one atop the other.
' :e '  s tack ing them, i t 's  c lear  that  th€ r ightmost  bar  accounts
- :oout 457o of the pixels in the region. That means the
:caoil ity that a pixel seleded randomly from this region
: - d fall into the rightmost bin is 45%. That's the "face prob-

'- i, '  for a pixel with this hue. The same reasoning indicates
:: tf 'e face probabil itY for

'z  rext  h is togram bin to the
:-: ls about 2O7o, since it
-:rutts for about 207o of

stack 's  tota l  
-h€ight .- :: s all there is to it..

As new v ideo f rames
'  .e ,  the hue value for

' : .  p i xe l  i s  de te rm ined .
' ' : r that, the face histogram
, ..;sed to assign a face

:cabi l i ty  to  the p ixel .  This
:cess is called "histogram

- : JRE B .  To  see  wha t
. .e probabi l i ty"  means/
:grre stack ing the bars in

:  h is togram on€ atoP
'-e other .  The probabi l i ty
. . ;oc iated wi th each color  is
'z  percenl  that  co lor  bar
:  :  r t r ibutes to the tota l
-: ght of this stack.

%
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1- / / / /  Constants
2 const char * DISPLAY_WINDOUI = "Di-splayWindow";

3 #def ine OPniCV_R@I "C: /Proqrarn Files/@enCv/1.0"
A

5 //// cLoi:p.l variables
5 Ipllmage * pvideoFramecopy = 0;
1
B void main( inc argc, char** argTv )
g {

10 CvRect. * pFaceRect = 0;
11  i f (  l i n i tA l lO  )  ex i t p rog ram( -1 ) ;
L2
13 // Capture and display video frames until a face
L4 // is detected
15  wh i l e (  I  )
1 6 {
L] / / Ir,ok for a face in the next video frame
fB capEureVideoFrameO;
L9 pFaceRect = detectFace(pvideoFramecopy);
2 0
2I // Show the display image
22 cvSlor./Tfiage ( DISPI,AY-WINffi,i. pVideoFrarreCoEl ) ;
23 i f(  (char)27==cvlvaitKey(1) ) exitprogram(0);
2 4
25 // *it loop when a face is detected
26 i f(pFaceRect) break;
21  )
2 8
29 // inLtLalize tracking
30 startTracking(pVideoFrameCogl, pFaceRect) ;
3 1
32 / / Track the detected face using Camshift
33  wh i le (  I  )
3 4 {
35 CvBolD faceBox;
3 6
17 / / dcr lhe next video frame
?A ^ .n ts1 , r6 l / iAa^Fr. a a m e ( l ;

3 9
40 / / track the face in the new video frame
4L faceBox = track(pVideoFrameCopy);
42
43 //  outl i -ne face el l ipse
44 cvEllipseBox(pvideoFramecopEr, faceBox,
45  CV_RGB(255,0 ,0) .  3 ,  CV_AA,  0  ) ;
46 cvShovulrnage( DISPIAY_WINDC&\I, pVideoFrarpCoEf );
4'1 i f(  (char)27==cwlaitKq/( l)  )  break;
4 8 )
49
50 exitProgram(0);
51  )

5) Adjust the sliders for smin and vmin
until the ellipse is well positioned and
the background is mostly black.

6) Repeat Step 4 to toggle back to
normal view, then use Camshift to
track your face.

FIGURE 3. The main
program listing for
detecting a face in a
live video stream, then
tracking it using the
Camshift wrapper APl.

gray, or black). Color
can be computed for
pixels that a re
almost neutral, but
their color values are
unstable, and these
pixels contr ibute
noise that interferes
with tracking.

Camshif t  uses
two parameters
smin ood vmin - to
screen out this noise.
These parameters
define thresholds for
ignoring pixels that
are too close to
neutral. rrmin sets the
threshold for "almost

black," and smi-n for
"almost gray." These
two threshold levels
wi l l  need to be
adjusted for your
setup to get good
results with Camshift.

Camshif t  also
uses a third parame-
ter called r,rmax, to
set a threshold for
pixels that are too
bright.  But smin
has the side effect
of also el iminat ing
pixels that are close
to white, so you
shouldn' t  need to
tweak r,'max to get

good results.
The easiest way to select good

values for your setup is with camshift-
demo. As suggested in the preceding
section, it 's easier to set these if you
toggle the viewing mode by clicking
the view window and typing b. (This
alternative view is the called the "face-

probability," or "backprojection" view.
It's explained in the sidebar.)

Figure 2 shows the effect of
adjusting smin ond vrnj-n. Initially, in the
first frame, these were at their default
values. At these levels, Camshift dis-
played a very large ellipse that included

Tuning Camshift
As mentioned above, Camshift

uses a combination of colors to track
faces. In the representat ion that
Camshift uses, color is undefined for
pixels that have a neutral shade (white,
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not only my face, but half the room as
well! The reason for the oversized face
detection is clearly visible in the face-
probabi l i ty v iew. Background pixels
with a nearly neutral shade contributed
too much noise when vrnin dfld smin
were at their default values.

The middle and r ight v iews in
Figure 2 show the effect of increasing
first snj-n, then rzmin. In the right-hand
view, noisy pixels have been largely
eliminated, but the face region stil l
produces a strong signal. Tracking is
now quite good, and the ellipse is well
oositioned.

Ihe Simple Camshift
Wrapper

OoenCV includes source code for
camshiftdemo, but it 's not easy to
adapt,  s ince i t  combines user- input
handlers and view toggling with the
steps for face tracking.

l f  you're programming in C++,
rather than in C, you could use the
CvCamShiftTracker class, defined in
cvaux.hpp. Again, however, this class
is fair ly complex, with many
interfaces, and is only available to C++
programmers.

To make the Camshif t  t racker
more accessible, l 've written a wrapper
for it in C with four main interfaces:

1) createTrackerO pre-al locates
internal data structures.

2) releaselracker ( ) releases these
resources.

3) startrrackinsO initiates tracking
f rom an image plus a rectangular
region.

4) tracko tracks the object in this
region f rom f rame to f rame using
Camshift.

There are two additional interfaces
for setting the parameters vmin and
smrn:

1) setvmino
2) setsrnin( )

The Camshift wrapper is online at
www.cog notics.com/opencv/down
loads/ca msh ift-wra pper/i ndex.html.
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FIGURE 4. The helperfunctions inirAll ( )
and exitProgramO handle program
initialization and cleanup.

Combinins Face
Detection 

-and 
Tracking

In camshiftdemo, you needed to
manual ly ini t ia l ize tracking with the
mouse. For a robotics application, it
would be much nicer to initialize track-
ing automatically, using a face detec-
tion that the Haar detector returned.
(See last month's article for details on
implementing face detection.)

This section shows how to do that
using the Camshift wrapper described
above. The program described here
detects a face in a live video stream,
then tracks i t  with Camshif t .  The
source for code for the complete
program, called "Track Faces," is also
available online at www.cognotics.
com/ope ncv/down loads/ca mshift-
wrapper/index.html.

The Main Program
Figure 3 shows the main program

listing for detecting a face in a live
video stream, then tracking it using the
Camshift wrapper APl. (This portion is
in TrackFaces.c in the download.) There
are three main program segments:

1) Detect a face.
2) Start the tracker.
3) Track the face.

1) Detect a face. Lines 15-27
molement a looo to examine video
'rames until a face is detected. The
:all to capLureVideoFrameO invokes
a helper method to br ing in the
-ext video frame and create a copy of
:  (Recal l f rom Part  1 of this ser ies that
: s never safe to modify the original
.  Jeo image!) The working copy is
.:rred as pVideoPramecopy, declared
: :  r r n e  6 .

. Start the tracker. When a face is
:=:ected, the code exi ts this loop ( l ine
- a and starts the tracker ( l ine 30),

' , ;  ng i t  the face rectangle from the
" , : ' d e t e c t o r .

tTGURE 5. The helper function
'::reVideoFrame0. At l ine '11, the

:all to cvFlipO flips the image upside
or,vn if th" orisin fi"ld ir 0.

1
2
3
4
5
6
7
8
9

1 0
1t-
L2
13
I4
1 5
l 6
L ]
t-8
L 9
2 0
21,
2 2
2 3
2 4
2 5
2 6
2 1
2 8

t-nt

t
ini tAl l  o

i f {  l i n icCapture{ }  )  re tu rn  0 ;
if ( !initFaceDet (OPn{CV_R@T

" /daLa/haarcascades /haarcascade_f ronLaI f ace-def aulc . xn] " ) )
return 0;

/ /  S f a r r ' r n  m p q q ^ d a  f p l l s  r q p r  h o w  r o  l - e o i n  a n d  h o w  t O  e x i t

p f i n t f  (  \ \ n i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * \ n "

"To ex i t ,  c l i ck  ins ide  the  v ideo d isp lay , \n "
" then press  the  ESC key \n \n"
"Press <mJIER> to begin"
\ \ \ n * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * \ n /  ) ,

f d o f . / c l - d i n \ .

/ /  C rca rP  f he  d i sn l aw  w indOw
cvNamedwindow( DISPLAY_WINmW, I ) ;

/ / IntLialtze t.racker
n:n f r  r ro l / i  donE r^ma /  I  '

if ( lcreateTracker(pVideoFramecopy) ) return 0;

/ /  Sef  Camshi f t  n: r :metefs

se t \ i i n i n (60 ) ;
s e t S m i n ( 5 0 ) ;

return 1;

void exitProgram(int code)
{

// Release resources allocated in this file
cvDestroyWindow ( DISPI"AY-WINDOW ) ;
cvReleaselmage ( &pvideoFrameCopy ) ;

/ /  Release resources al located in oLher projecc f i les
. l ^ e o a ^ n f r r r o l l .

closeFaceDet ( ) ;
- ^ t  ^ - ^ ^ m - ^ ^ t , ^ -  /  \  -
l E l g o J g 1 ! a L A Y r  \  /  i

ex i t  ( code )  ;
]

1
2
3
4
5
6
1
B
9

1 0
1 1
L2
L3

3) Track the face. Lines 33-48 contain
the face-tracking loop. Each call to the
wrapper 's trackO method ( l ine 41)
invokes Camshif t  to f ind the face
location in the current video frame. The
Camshif t  result  is returned as an
OpenCV datatype called cveoxzn. This

datatype represents a rectangle with a
rotat ion angle. The cal l  to
cvEJ-lipseBox0 at lines 44-45 draws
the ellipse defined by this box.

Helper Functions
In addit ion to the main program,

1  r r n i d  ^ ^ n t s , , r 6 \ I i d a ^ t r r . . -a]ne o
2 {
3 / / Capture the next frame
4 lplIrnage * pvideoFrarne = nextVideoFrameo;
C  i f /  I n \ I i d o ^ t r r ^ m o  I  o w i r D r ^ d r : m l - 1 1 .

6
' 7  / /  a n n z  i t  f ^  f h a  d i c n l r r r  i m : a a  i n r z o r f i n c  i r  i f  n c c d c dt  r t  t v P l  u f J P r s J

B if( lpVideoFrameCopy )
Q n\/ i  danFr^maf-^n/ -  . \ raro:f  FTm:ao /errCci-Qi zc ln\ / i  dcotrr :mel R ? \  .
J  P r  L u u v l  r \ r , ' L L w J  u Y !  \ !  v v v e v + g

I  n  ^ ! , . ^ ^ , ,  /  ^ \ / r  i ^ ^ E r . m a  n r / i  r l a a t r - : m a . a n , ,  0  )  ;v v v v y j  \  y v r v v v r  r t 4 , , v ,  y v 4 s ! v r r w , ! ! ! v t s J ,

Ll- if1 6==pVideoFramecopy->origin ) cvFlip(pvideoFrameCopy,0,0) ;
L 2 \
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detectFace ( )

. OpenCV on Sourceforge
http :// sourc ef orge.na / Pr oleds /
opencvllbrary

. Official OpenCV usergrouP
hllp: / / lech.grou ps.ya hoo. com/
group/Open€V

. G.R. Bradski, "Computer video face
tracking for use in a perceptual user
interface," lntel Technology Journal,
Q9 1998.

. D. Comaniciu and P. Meer, "Robust

Analysis of Feature SPaces: Color
fmage Segmentation," CVPR, 1997.

. The Simple Camshift \VraPPer
www.cognotics.com/opencv/down
loads/camshilt-wr apger / index. htm I

. Source code in this article can be
downloaded from:
www. cognotics. com/ ope ncv / sew o

T rackFaces  c  a l so  con ta ins  he lpe r
func t i ons  f o r  i n i t i a l i za t i on  and  c leanup

i : , i t ; - - - i )  a n d  e x t , t i l q l a l  1 I .

These are shown in F igure 4.
A t  l i n e  2 1  i n  r - . : r . . .  .  1 ,  t h e  c a l l

t o  t he  Camshr f t  w raPper ' s
' :  i :  f u n c t i o n  P r e -

a l locates the wrapper 's  in ternal  data
structures 1t 's  not  necessarV to pre-

ffClne 6. Th; detecipaceO function.
The min-neighbors parameter is set to 6 to
reduce the chance of a false detection.

a l l oca te  t ne  t rack ing  da ta ,  bu t  do ing  so
speeds  the  t rans i t i on  f r om face
detect ion to t rack ing The next  two
s ta temen ts  ( l i nes  24  25 )  se t  t he
n : rame te rs  and  . . :  - : . .  T  i r e  bes t

values to use for  these depends on
your setup,  so i t 's  a good idea to select
t hem ahead  o f  t ime  us ing  the  camsh i f t -
demo program, as descr ibed above.

F igu re  5  shows  the  l i s t i ng  f o r

del iver  image p ixels  s tar t ing at  the

bot tom, rather  than at  the top,  of  the

image  The  r r ' : r . n  f i e l d  i nd i ca tes  wh i ch
row  o rde '  t he  l p l lmage  uses .  Some
OpenCV funct ions wi l l  on ly  work cor-
rect ly  when these images are inver ted.

F i n a l l y ,  F i g u r e  6  c o n t a i n s  t h e

r ie-ec i , :ar , -e i  i  funct ion.  Al though th is

code  shou ld  be  fam l l i a r  f r om las t

mon th ' s  a r t i c l e ,  one  po in t  wo r th
not ing is  that  the r r : r - r - ,c ,q:bor ' : ' ,
pa rame te r  shou ld  be  se t  h igh  enough
tha t  f a l se  f ace  de tec t i ons  a re  un l i ke l y
(Otherwise,  your  robot  might  s tar t
t rack ing the ref r igerator  magnets l )  At

l i ne  10 ,  l ' ve  se t  i t  t o  6 ,  wh i ch  i s  more

restr ic t ive than the defaul t  va lue of  3

Coming Up
So far ,  the faces we've been f  ind ing

and fo l lowing have been anonymous

Tl"e robot  can te l l  there 's  a face present ,

and can fo l low i t ,  but  has no waY of
knowing whose face i t  is .  The process
of  l rnk ing faces to names is  ca l led face
recogn i t i on  OpenCV con ta ins  a
complete implementat ion of  a face-
recogni t ion method cal led e igenface.

The  rema in ing  two  a r t i c l es  i n  t h i s

ser ies wi l l  expla in how to use OpenCV's
e igen face  imp lemen ta t i on  f o r  f ace
recogn i t i on .  I n  t he  f i r s t  o f  t hese ,  l ' l l
expla in how the a lgor i thm works and
n i , r o  r r n r  r  r n r 1 o  l n  . ( F A + t  ^  . { - + . 1 - . . . ^  ^ {
g l v (  y U U  l U U q  L U  L l q q L C  d  U d l d u o ) q  V l

people your  robot  
"knows."  The ar t ic le

fo l lowing that  takes you through the

steps for  recogni t ion f rom l ive v ideo,
and g ives you t ips to help you get  the
most  out  of  e igenface

Be  see tng  you l

a , =  . ,

r l  
-  

. 1 '

to .- -, ' '
i t , . r : r . i : : f r l .  A t  l i n e  1  1 ,  a  c a l l

f l rps  the  image ups ide
down i f  the  l r ro ; r - .  f ie ld  i s  O The
reason for doing thrs is that some web-
- ^ ^  A . . , , ^ . .  ^ . ^ ^ - , - , r , 7  O n  W i n d o w s  _L d t T r  u r  v c r )  c ) P v L t o i l )

\

Show the punk with the volcono
o reol science foir proiect.

t / Poper Mdche hos been done.
Build your proiect with

some unique technology!
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