
Seeing With OPenCV
A Computer-Vision Library

,lPenCV - Intel's free, oPen-source
t lcomputer-vis ion l ibrarY - can
Vgreat ly simpl i fy computer-vis ion
programming.  l t  inc ludes  advanced
capabilrties - face detection, face track-
ing, face recognit ion, Kalman f i l ter ing,
and a variety of artificial-intelligence (Al)
methods - in ready-to-use form. In addi-
tion, it provides many basic computer-
vision algorithms via its lower-level APls.

A good understanding of how
these methods work is the key to get-
t ing good results when using OpenCV
In this five-part series, l ' l l tntroduce you
to OpenCV and show You how to use lt
to implement face detect ion, face
tracking, and face recognit ion. Then,
l ' l l  take you behind the scenes to
explain how each of these methods
works and give you tips and tricks for
gett ing the most out of  them.

This first article introduces OpenCV
l'll tell you how to get it and give you a
few pointers for setting it up on your
comouter.  You' l l  learn how to read and
write image files, capture video, convert
between color formats, and access pixel

data -  al l  through OpenCV interfaces.

.!r

OpenCV Overview
OpenCV is a f  ree, oPen-source

computer vis ion l ibrary for C/C++
programmers. You can download i t
from http://sourceforge'net/proj
ects/opencvlibrary.

Intel released the first version of
OpenCV in 1999. Ini t ia l ly,  i t  required
Intel 's lmage Processing Library. That
dependency was eventual ly removed,
and you can now use OPenCV as a
standalone l ibrary.

OpenCV is multi-platform. lt suP-
oorts both Windows and Linux, and
more recent ly,  MacOSX. With one
except ion (CVCAM, which l ' l l  descr ibe
later in this article), its interfaces are
platform independent.

Features
OpenCV has so manY caPabi l i t ies,

i t  can seem overwhelming at  f i rs t .
Fortunately, you'l l  need only a few to
get  s tar ted.  l ' l l  walk You through a

usefu l  subset  in  th is  ser ies.
Here's a summary of the major

functionality categories in OpenCV,
version 1.0, which was just released
at the t ime of this wri t ing:

lmage and video I/O
These interfaces let You read in

image data from f i les, or f rom l ive
video feed. You can also create
image and video f i les.

General computer-vision and
mag e- p rocessi ng a I gorith m s
(mid- and lowJevd APls)

Using these interfaces, 1lou can

experiment with many standard com-
puter vis ion algori thms without having
to code them yourself. These include
edge, l ine, and corner detect ion, el l ipse
f i t t ing, image pyramids for mult iscale
processing, template matching, var ious
transforms (Fourier,  discrete cosine,
and distance transforms), and more.

H ig h-teve I com pute r-vision m od u I es
OpenCV includes several high-level

capabi l i t ies. In addit ion to face-
detect ion, recognit ion, and tracking, i t
includes opt ical  f low (using camera
motion to determine 3D structure),
camera cal ibrat ion, and stereo.

Al and machine-learning methods
Computer-vision applications often

require machine learning or other Al
methods. Some of these are avai lable in
OpenCV's Machine Learning package.

lmage sampling and view
transformations

It's often useful to Process a group
of pixels as a unit .  OpenCV includes
interfaces for extract ing image
subregions, random sampling, resizing,
warp ing ,  ro ta t ing ,  and aPPlY ing
perspective effects.

Methods for creating and analyzing
bi n ary (two-va I ued ) i m ages

Brnary images are frequent lY used
in inspection systems that scan for
shape defects or count parts. A binary
reoresentation is also convenient when
locat ing an object to grasP.

Methods for comPuting 3D
information

These funct ions are useful  for
mapping and local izat ion -  ei ther with
a stereo rig or with multiple views from
a sinole camera.
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I FIGURE 1. Among OPenCV's manY I
lcapabilities arelace detection (top I
; left), contour detection (top right)

I and edge detection (bottom). I



Math routines for image processing,
computer vision, and image
interpretation

OpenCV includes math commonly
used, algor i thms from l inear algebra,
statistics, and computational geometry.

Graphics
These interfaces let you write text

and draw on images. In addition to vari-
ous fun and creative possibilities, these
functions are useful for labeling and mark-
ing. For example, if you write a program
that detects objects, it 's helpful to label
images with their sizes and locations.

GUI methods
OoenCV includes its own window-

ing interfaces. While these are limited
compared to what can be done on
each platform, they provide a simple,
multi-platform API to display images,
accept user input via mouse or key-
board, and implement sl ider controls.

Datastructu res and algorith ms
With these interfaces, you can

eff ic ient ly store, search, save, and
manipulate large l ists,  col lect ions (also
called sets), graphs, and trees.

Data oersistence
These methods provide convenient

interfaces for storing various types of
data to disk and retrieving them later.

Figure 1 shows a few examples of
OpenCV's capabi l i t ies in act ion: face
detection, contour detection, and edge
detection.

Organization
OpenCV's  f  unc t iona l i t y  i s  con-

tained in several modules.
CXCORE contains basic datatype

def ini t ions. For example, the data
structures for image, point, and rectan-
gle are def ined in cxtypes.h. CXCORE
also contains l inear algebra and stat is-
t ics methods, the persistence func-
t ions, and error handlers. Somewhat
oddly, the graphics functions for draw-
ing on images are located here, as wel l .

CV contains image processing and
camera cal ibrat ion methods. The
computat ional geometry funct ions are
also located here.

CVAUX is described in OpenCV's doc-
umentation as containino obsolete and

FIGURE 9. Selecting
OoenCV header files
in Windows to place
into a single include

directorv.

experimental  code.
However, the sim-
plest interfaces for
face recognition are
in this module. The
code behind them is
specialized for face
recognit ion, and
they're widely used
for that purpose.

ML contains machine-learning
interfaces

The remaining funct ional i ty is con-
tained in HighGUl and CVCAM. Both of
these are located in a directory named
"otherl ibs,"  making them easy to miss.
Since HighGUl contains the basic l /O
interfaces, you'll want to be sure you
don't  overlook i t l  l t  a lso contains the
multi-platform windowing capabilities.

CVCAM contains interfaces for
video access through DirectX on 32-bit
Windows platforms. However, HighG U I
also contains video interfaces. In this
article, l ' l l cover only the interfaces in
HighGUl. They're simpler to use, and
they work on all platforms. lf you're
using Windows XP or 2000, you may
get a performange boost by switching
to the CVCAM interfaces, but for
learning OpenCV the simpler ones in
HiohGUl are iust f ine.

Installing OpenCV
Basic lnstall

OpenCV for Linux or MacOSX is
packaged as a source-code archive.
You'll need to build both static and
shared-object libraries. You can either
bui ld an RPM f i rst  and instal l  f rom that.
o r  compi le  and ins ta l l  i t  d i rec t l y .
Instruct ions for doing both are in
INSTALL.

The Windows download is pack-
aged as an executable that instal ls
OpenCV when you run it. lt places
OpenCV files into a directory of your
choice, optionally modifies your system
path to include the OpenCV binaries,
and registers several DirectX filters. By
default ,  i t  instal ls to C:/Program
Fi les/OpenCV/<version>.

Customizing a Windows Install
For Windows users, OpenCV is

easy to instal l ,  and the default  instal la-
t ion wi l l  work. But a bi t  of  advance
planning may leave you happier with
the results.  Here are a few suggest ions.

Since OpenCV is a developers'
toolkit - not a program - you may
want to locate it somewhere other
than your Program Fi les directory. l f
you do prefer to locate it elsewhere,
decide that before you run the installer,
and enter that location when asked.

I suggest you also decide - before
installing - how you want Windows to
f ind the OpenCV dl ls.  You can ei ther
modify your system's PATH variable to
include their  locat ion, or you can move
them. after instal l ing, f rom OpenCV's
"bin" directory to your SYSTEM_ROOT
directory.

lf you prefer to move the dlls, but
aren't sure where your SYSTEM-ROOT
directory is,  you can locate i t  by
running the sysinfo ut i l i ty avai lable at
www.cognotics.com/util ities.

lf you prefer to modify the PATH
rather than moving the dl ls,  you can
have the instal ler do that for you
by selecting the check box "Add bin
directory to PATH."

After Installing
The OpenCV directory contains

several subdirectories. The docs directo-
ry contains html documentat ion for al l
the OpenCV funct ions and datatypes.
Since the best documentat ion is a
working example, you might also want
to browse the "samples" directory.

The header f i les you' l l  need to
include when you compile programs that
use OpenCV are distributed among the
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1 / /  Iugc lo .  c

3 // Exarele showrng how lo rcrd rnd urlce rmgee
a
s l lDc ludc  "cv .h"

a  l lnc lud t  "h rghgur .h"

? l lncludc <ctdlo.h>

9 lns ulD (lnt !rgc, char'r trqlv)
r 0  {
11  lp l luoc .  DIup Iag  "  9 ,

t3 ,/ / Lord aD r&Efc tron lrlc
la wlordlugc("n!'_rruge. rFg', CV-LoAD-IHAGI-ItNCaN|GED),
ls  r !  (  !9 Inp IE)
t 6 {
l?  lDr lDc l ( tcdc t ! '  i fa l l ,ed  Eo Load lnpu l  lMgc\n" ) , '
18 rcBurD -1;

1 9  l

21 /,/ ntl ' .a Ehe rega to c frl,e ttth a drf lcrcnt n.m,
22 / / usrag a drl lerent rMgc lorrut -- .Dng lntgaad of . JPg
23 1 l (  lds rvc lugc( "n l '_ lnage_coF\ ' .Fng" .  P lnp l4 )  )
2 {  {
7 t  fp r ln l ! (g rder r .  " fa1 l ,ed  io  * ! l cc  amge f r le \ i ' ) i
2 6  l
2 1
28 // Rercnber ro lree rug! nrcly rlEer uslng 1E !
29  wRel .aschrge(6p lDp lq) ,
30
31 r rgurD 0 ;
32

OpenCV modules. Although you don't
need to do this, I l ike to gather them
together into a single include directory.

On both Linux and Windows, you
can locate the headers by searching the
install directory and subdirectories for
f i lenames that match the pattern *.h,

FIGURE 3. Example
program that reads an
image from a file and
writes it to a second
fife in a difterent
compression format.

*.hpp. There wi l l  be
lots of matches. You
don't  need al l  of
them. Headers for al l
modules except
H ighGUl  a re  in
separate " include"

directories inside each
module. You can skip
headers in the
"src" director ies for
these modules. For
HighGUl, you' l l  need
highgui.h,  located in
otherl ibs/highgui.

FIGURE 4. Example
program that
captures live video
frames and stores
them as files.

Programming with
OpenCV: Some Basics

More about Headers and Libraries
Most OpenCV programs need to

include cv.h and highgui.h. Later, for
face recognition,
we' l l  a lso include
cvaux .h .  The
remaining head-
er f i les are includ-
ed by these
topJevel headers.

lf you've left
the header files
in mult iple direc-
tor ies (defa u l t
i n s t a l l a t i o n ) ,
maKe sure your
c o m p i l e r ' s
include path con-
tains these direc-
tories. lf you've
gathered the
headers into one
include directory.
make sure that
directory is on
your  compi le r ' s
include path.

Your l inker
wi l l  need both

t  / /  C r p c u r . . c
2  / /
3 / /  Eraralc ahowlDg lrow co coDtect to a wcbcs tnd caplura

a  / /  v i d c o  f r G !  t

t

€  l l a c l u d a  ' e i d r o . h "

?  l l D c l u d c  " s r r 1 n g . h "

0  a l a c l u d c  n c v . h "

t  f iDcludc "! : rghgur .  h"

! l l n !  u 1 D ( L D E  r ! g c ,  c h u  "  r ! g r )
t 2 (
13 CvcrDtule ' pcrpEurc . oi
l .  fDl lugc r  pvid.oP!@ - oi
1 6  i n s  l i
t 6  c h r !  l l l e D . E [ 5 0 ] ;

18 / /  Inrtralrz!  v ldco crptura
19 pcrpEule - cvclplurcfrotrllll CV_CAP_IIY ),
20 t l (  lpcrDBurc !

2 2  f p r l t r E ! ( 9 B d c ! ! ,  " ! a r J , e d  c c  l n r c r ! I r z e  T l d e o  c a F t u r ? \ n " 1 , '
23 lcEula -1;

2 a  )

25 / /  CaDEure t l r lcc vl ,deo l !s9 aad x! l ' !c th.n a5 l lLes
2 1  ! o : ( 1 - 0 ;  1 < 3 ,  1 + + )
2 3  {
29 Dvr,daoFre - cvgqclyFre( !Capsu!! );
30 1l(  lDvld.oFre )

3 2  f P l l a g l ( g t d a r ! '  ' f a r L e d  i c  g c l  a  v r d c c  f : a n c \ r " ) i
33 1
3 l
35 / /  ntLtc lhc cap!u!.d vrdco tr lG a! an l roge l l le
3 6  r D ! 1 n E !  ( f 1 l e n e .  " v r d e o F r l R t d . t p g ' ,  1 . 1 ) ;
3? 1! (  lcvsrvcfugc (t t la! .c,  pvldQofre) )
3 r (
3 9  l D r i ' a E ! ( g E d e ! ! ,  " f a l } e d  i o  w . t ! e  l m a g e  f r l e  i s \ r " ,  l l l ' c n t r ) ,
a 0  l
t l
a2 / /  fUPORTANT: Don'!  rc lcase or rcdl ly ihc r@gc . .curncd

a3 / /  f roE cvQuclyFlcG(l  !
a a  l
a 5
a6 / /  tcr&inaEe vrdco crplura and ! !ce captula lelourcel
a? wRclcarecapturc ( EtfrDtule ,,
t 3
at l rEuln 0;
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the library path and the names of the
static libraries to use. The static libraries
you need to link to are cxcore.lib, cv.lib,
and highgui.lib. Later, for face recogni-
t ion, you' l l  a lso l ink to cvaux. l ib.  These
are in OpenCV's "lib" directory.

Reading and Writing lmages
lmage l/O is easy with OpenCV.

Figure 3 shows a comPlete Program
list ing for reading an image f  rom
file and writing it as a second file, in a
different compression format.

To read an image file, simply call
cvLoadlmage0, passing it the filename
(line 14). OpenCV supports most common
image formats, including JPEG, PNG, and
BMP. You don't need to provide format
information. cvLoadlmage0 determines
file format by reading the file header.

To write an image to file, call
cvSavelmageQ. This function decides
which file format to use from the file
extension. In this example, the exten-
sion is "png," so i t  wi l l  wr i te the image
data in PNG format.

Both cvLoadlmagefl  and
cvSavelmagefl  are in the HighGUl
module.

When you're finished using the input
image received from cvLoadlmagefl, free
it by calling cvReleaselmageQ, as on line
29. This function takes an address of a
pointer as its input because it does a
"safe release." lt frees the image struc-
ture only if it 's non-null. After freeing it, it
sets the image pointer to 0.

Live Video Input
Captur ing image frames from a

webcam, or other digital video device,
is nearly as easy as loading from f i le.
Figure 4 shows a complete program
listing to initialize frame capture, cap-
ture and store several video frames,
and close the caoture interface.

The capture interface is initialized, on
line 19, by calling cvCaptureFromcAMQ.
This function returns a pointer to a
CvCaoture structure. You won't access
this structure directly. Instead, you'll store
the pointer to pass to cvQueryFramefl.

When you're f in ished using video
input,  cal l  cvReleaseCapture() to
release video resources. As with
cvReleaselmageQ, you pass the address
of the CvCapture pointer to
cvReleaseCapture( ).

Don't release or otherwise modifv
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the lpllmage you receive from cvQueryFrameQ! lf you need
to modify image data, create a copy to work with:

/ /  C o n v  ' l . e  ' - i d e o  f - a m e

l n l  / m : ^ 6  - n  m d ' L ^ l  h r h ^ 6  -

cvclonelmage ( pVrdeoFrame ) ;

/  [ n q a r t  r z o r r r  i m : a o - n r n n a < < i n n  n n r ] o  h o r o

/ /  l . Y o F  r h a  e n m r : f t s a . r  u s r n g  r L
cvReleaselmage ( &plmgTochange ) ;

Color Conversions
Figure 5 shows code for converting a color image to

grayscale. OpenCV has built-in support for converting to and
from many useful  color models,  including RGB, HSV YCrCb,
and CIELAB. (For a discussion of color models,  see "The

World of Color," SERVO Magazine, November 2005.)
Note that the conversion function, cvCvtColorQ, requires

two images in i ts input l ist .  The f i rst  one, pRGBlmg, is the
source image. The second, pGraylmg, is the destination image.
It will contain the conversion result when cvCvtColoO returns.

Because this paradigm of passing source and dest inat ion
images to a processing function is common in OpenCV, you'll
f requent ly need to create a dest inat ion image. On l ine 25, a
call to cvCreatelmageQ creates an image the same size as the
original ,  with unini t ia l ized pixel  data.

How OpenCV Stores lmages
OpenCV stores images as a C structure, lp l lmage. IPL

stands for lmage Processing Library, a legacy f rom the
original OpenCV versions thatrrequired this product.

The lpl lmage datatype is def ined in CXCORE. In addi
tion to raw pixel data, it contains a number of descriptive
f ields, col lect ively cal led the lmage Header.  These include

. Width - lmage width in pixels

.  Height -  lmage height in pixels

. Depth - One of several predefined constants that
indicate the number of bi ts per pixel  per channel.  For
example, if depth:lPL_DEPTH_8U, data for each pixel
channel are stored as eight-bit, unsigned values.

.  nChannels -  The number of data channels ( from one to
four). Each channel contains one type of ptxel data. For exam-
ple, RGB images have three channels -  red, green, and blue
intensities. (These are sometimes called BGR images, because
pixel data are stored as blue, green, then red values.)
Grayscale images contain only one channel - pixel brightness.

Accessing Pixel Values
It's possible to create many types of functionality using

OpenCV without directly accessing raw pixel data. For
example, the face detection, tracking, and recognition pro-
grams described later in this
series never manipulate raw
pixel data directly. Instead,
they work with image point-

FIGURE 5. Example
program for converting a
color image to grayscale.

ers and other high-level constructs. All pixel-level calculations
are performed inside OpenCV functions. However, if you
write your own image-processing algorithms, you may need
to access raw pixel values. Here are two ways to do that:

1. Simple Pixel Access
The easiest way to read individual pixels is with the

cvGet2D0 function:

CvScalar cr,Get2D(const CvArr*,
i n t  r ow ,  i n t  co l ) ;

This function takes three parameters: a pointer to a data con-
tainer (CVArr*), and array indices for row and column location.
The data container can be an lpllmage structure. The topmost
row of pixels is row=0, and the bottommost is row=height-1.

The cvGet2Dflfunction returns a C structure, CvScalar,
defined as

r \ m o d o f  c f  F , - t s

{
CvScalar

double val  l4 l  ;
l

CvScalar ;

The pixel  values for each channel are in val I i ] .  For
grayscale images, val[0] contains pixel brightness. The other
three values are set to 0. For a three-channel,  BGR image,
blue:val [0] ,  green:val[1 ] ,  and red=val[2] .

The complementary function, cvSet2D0, allows you to
modify pixel values. lt 's defined as

1  / /  C o n v e l r T o c : a y . c
2  / /

3 / /  Exanple rhowtno how !o coDverg an lroge lroB color
{  / /  t o  g r a y s c a l e

6  l r n c j , u d c  " s i d : . .  t r '
?  f i D c l u d c  " s i r : r q . h '

g  t i D c l u d e  " c v . : . "

9 l lncluda ":rg:aqer .  hn
t 0

1l iDt.  uiD (1nt r !gc. chlrrr  rrgv)

13 Ipl lngc r  pRGBIq :  O.
lr  lp l lmge r pcraylq -  0,

16 /  /  Lo.d the RGB rBge lron l l le
17 pRGBIT{ - flLordlDge("n}'_rege.jpg", CI/_LOAD_II|AGE_UNCHAIIGED} ;
l8 r t  (  TpRGBIE)
1 9  {
2 0  t p r l D c ! ( 3 c d c ! ! ,  ' f a a l e d  r o  l , o a d  r n p u c  r r o g e \ n n l i
2 f  r c t u l n  - l ;

2 3

2a / /  Al locare rhe glayccalc rruEe
29 pcrayllg - cvcreatclBge
26 ( wsize(pRcBlne->w1dch, pRcBtne->hc:ghr).  pRcBfEg->depth, 1
2 ;

2 E  / /  C o n v e t c  r E  E o  g r r y g c a l e
29 cvcvtcolor(pRGBIry, pcraylng, CI/_RCB2GRAy)t

3 l  /  /  W r l r e  t r e  g : a y r c a l c  r r u g e  r o  a  f  t l . e
3 2  i ! (  l c v s a v a f @ g e ( " n . ' _ r n a g e _ g r a j . . t F g " ,  p c r . y l 4 )  )
3 3  {
3 {  ! p ! t n t ! ( s g d e ! r .  " f a l I e d  ! c  r : l E e  l n a g e  f l i e \ i " ) i

31 / , /  Ftec r@ge rcnolt '
38 cvRclcrrcfDqc ( 6pRGBIE0) , .
39 cvRcleasclugc (6pcraylDo) t
{ 0

i l  return c, '
4 2 t

t t
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Sourceforge site

trttp:/ / sourcctots c.nd I Wolccls I opcncvllbrary

Official OPenCV usergrouP - ̂
http:/ /tcch. groupr'yatroorom I gr ouq I OpcnCV

OpenCV Wiki
lrttp://opcncvllbrary'courcctorgc' nct

Source code for the Program listings in this article are available

for download at wrrwr'cognotlcs'com/opcn€1 | *nlo

need to cast the data type. For examp|e, if your image data are

unsigned bytes (the most common input type), you,d cast each

,.ir i ao unsigned char* before assigning' or oth.erwise using' rt '
'" "li lou;;accessing 

outt ttorn 
"a 

grlyscate (single-channel)

imaoe, and the data depth is eight bits (one byte per pixel)'

yorid u...tt PixelIrow][col] with

p i xe l I r ow ]  Lco l l  =  ( ( ucha r * )

(PImg->r-mageData +

aela*prmq-twidthstep + col)  ) ;

In multi-channel images' channel values, are interlaced'

Here's a code snippet to "-tt" blue' green' and red pixel values:

qrpn -  o lmq->wjdthscep;

nchan = Plmg->nCharulels;
/l = 3 for a BGR image

buf = Plmg->imageData;

blue l rowl  Ico] .  I  =
( (uchar*) (buf + row*widthsteP +

nChan*co l ) ;

g reen I row ]  [ co l ]  =
( (uchar*) (buf + row*widchsceP +

t t66u. '*69]  + 1) ;

r ed I row ]  l co l l  =
( (uchar*) (buf + row*widthstep +

nchan*co l  +  2 ) ;

void cvSet2D(CvArr*, int row' rnt cort

Cvscalar) ;

2. Fast Pixel Access-'' 
afihough cvGet2DQ and cvSet2D0 ul9 easy to use'

if you want to access more than a few pixel values' ano

oerformance matters, you'll want to read values directly

i.rn ,f.r. raw data buffer, lpllmage imageData :- -^..," 
f tuq. data rn the buffer are stored as a 1D array' In row-

r.j;; ;'A; ilat rs, alf pixel values'llT.1':ti row are listed

i itti, torfo*.d by pixel values in the second row' and so on'

For performantt '*tont' pixel data are aligned' and

padded if necessary, so that each row starts on an even four-byte

ili l i l. n t..ona field, lpllmaqe widthStep' indicates the

number of bytes between ihe start of each row's pixel data That

iilr."* r staris at lpllmage imageData + i*lpllmage'widthStep'

lpl lmage. imageOata is def ined as type char* '  so you may

Final ly,  i f  image depth is greater, than eight bi ts ( for

.rurpi . , ' ipL-oepin-: i i ; ,  youid. need to, l t :nt f t '  mult ip le

[vi.r"tor. eacr' uatue anO'muttipty the buffer offset by

iti.-nrru"|. of data bytes for your image depth. lt 's very

unlikelv, however, that iou'll encounter a situation in which

uo, tutt access multi-byte pixel values dtrectty'

Finding HelP

i l;;,-;lt; contains helpful setup and troubleshoottng

toi ri ihese don't answer your question' you may want to

il;,; ;*" io the official Yahool user group The sroup's

Unl it in the Resources sidebar'

API documentation for each module is in the docs/ref

,rUjil.t.y All reference manuals except the one for

AV;Ui are'linked from index htm' in the docs directory'

Coming UP ...
show You how to detect faces with

the algorithm behind the interface Be

lf you h ave problems insta | | i n g,o r':':9,Oj:::,Y' 
:::::tJ

ptr." i"";r;;'LI r."r�p r't!";la 1f:: '"t:l ::::: :::fY
il;ffi.;;;v. ir,"lilsralL rile' at the root ?r-v"i:9fl:Y

Next month, l ' l l

OpenCV and exPlain
seeing You I

;;:;:,:;";';;;;;;;;;i"; and robotics' sle las wo*ed as a

A;;:;;;r;t";-xs,nii b;aow' at Evotution,Robotics and

is a member of 5o(3), ""'oipii'-ution research group at UC
';;;;;;. 

sh; is-ii"'i'tii oisinat devetopers or sodavistoa an

experimental ro(;"''""ognii6n - tytt"' at lJc san Diego'

i[aavision was buitt wtth oPnCV'

rreen ulnnlnc ROBOTT
tulTllotlT tcRvot!

ion. and steering with

P :f li [: i:;:)'#J:i ! * L5!i3 I :?lr'"": ": :#
;" o:;:1"' ffi ;:,t & ;" ;i' i .' oto o ry :I:d l'.si :: i l"ii
;fi;;; tiiing'iorn dual speed control. Used in manv

successf u I com petitive robots Si n gle joystick 
?p:r,t^*l :,:3

;::,:#;il.r[iJ,o'*""Y'^,::-:::^?.'l:T:li::ti:[;
:ff i.il ;';;;l'"il'" opoo'ite d i rection s' " ?:tY::: :'::
;;iiil lomptetetv proportronal,. l':s:: llf,-'*::ffi"::PUJ 'L 'v "J  vv ' r  r  v - -  /  '  

t . t i rn i lu t  rad io  Compat ib lewi th  Syro
your Futaba, JR, Hitec,o ^^! ^m^ "izac arrai lahrl€.
#;;;tir'i)ui i" "' vu'r o u s vo rt u n d u T p- l::::"']i*':
i 'n" ndrn+ze 55v 75A per motor unit pictured above'
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