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Vision Lab Goals

e Learn how to read/create image files using
LabVIEW, and how to manage those files

 Learn about built-in functions for analyzing
Image files (select areas, measure intensity,
etc.)

* Learn how to acquire images using a USB
camera

e Build a vision-based measurement system,
particularly for object motion.
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Options on Pre-Lab Exercises

Concept of Image data type, and handling
Images

Intensity measurements and use of histograms

Understanding basic camera hardware and
limitations

Basic functions for acquiring images with
IMAQ USB VIs

Understand basic analog meter circuit
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Machine Vision Concepts™

 Machine (or computer) vision has six principal areas
Sensing — which yields a visual image

Preprocessing — noise reduction, image enhancement, etc.
Segmentation — partitioning an image into objects of interest

Description — computation of features for differentiating among types
of objects

Recognition — identifying objects (e.g., bolt, wrench, etc.)
6. Interpretation — assigning meaning to an ensemble of recognized
objects

e Levels of processing are divided into low (1, 2), medium
(3,4,5), and high (6)

o Inthis lab, we’ll primarily be concerned with low-level vision,
and will utilize some functions of medium-level vision.

oW

o1
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Machine Vision Concepts™

 Low-level vision involves processes considered
‘primitive’ (or automatic) and requiring no
‘Intelligence’ (1,2). This could be thought of as
analogous to how a human eye senses and adapts.

« Medium-level vision extracts, characterizes, and
labels components in an image.

o High-level vision refers to processes that attempt to

emulate cognition.

*From Fu, Gonzalez, and Lee, Robotics: Control, Sensing, Vision, and Intelligence,
McGraw-Hill, New York, 1987.
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Overview of LV-Based Vision Tools

e Vision tools in LabVIEW &'

e Image data type

* Analyzing images

o Capturing imagess

“NI Measurements” Menu
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Analyzing Images

 Vision Utilities — Vs for creating and
manipulating images, etc.

e Image Processing — provides ‘low level’ Vs for
analyzing images.

* Machine Vision — groups many practical Vs
for performing image analysis. For example,

the “Count and Measure Objects” VI is found
under this group.
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Vision Utilities
To create and manipul ate images
e |mage management (create, dispose, etc.)
 File handling
M M M M b

* Image manipulation
+ Pixel editing | & | & | AT

. etc. A7 @ e |

e Best to learn use through examples.
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Image Data Type

Menu: NI Measurements->Vision->Vision Utilities->Image Management

IMAQ Create

Creates an image.

I16

aGL
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Border Size —————

Image Mame

EFFOF N (N0 error) seeseeese sl = 4 (0] g 10

Image Type

This VI is used to create an
MNew Image Image. Itis called prior to,
say, capturing an image
using a camera.

IMAQ

=
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Image Type specifies the image type. This following values are valid:

Bl 6 Bl & ] [ ]

Grayscale (UB) 8 bits per pixel (unsigned, standard monochrome)

Grayscale (I16) 16 bits per pixel (signed)

Grayscale (SGL) 32 bits per pixel (floating point) jj
3

Complex (CSG) 2 x 32 bits per pixel (floating point)

RGE (U32)

HSL (U32)

RGB (U64)

32 bits per pixel (red, green, blue, alpha)
32 bits per pixel (hue, saturation, luminance, alpha)

64 bits per pixel (red, green, blue, alpha)
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Image Type and Bit Depth

We know digital images are formed by an array of pixels, and each pixel is
guantized into a number of levels based on the number of bits available.

Depending on whether pixels are black and white, grayscale, or color, pixels
have different bit depths. Bit depth refers to the amount of information
allocated to each pixel.

When pixels are either black or white, pixels need only two bits of
Information (black or white), and hence the pixel depth is 2.

For grayscale, the number of levels used can vary but most systems have 256
shades of gray, 0 being black and 255 being white. When there are 256
shades of grey, each pixels has a bit depth of 8 bits (one byte). A 1024 x
1024 grayscale images would occupy 1MB of memory.

In digital color images, the RGB (red green blue, for screen projection) or
CMYK (printing color) schemes are used. Each color occupies 8 bits (one
byte), ranging in value from 1-256. Hence in RGB each pixel occupies 8x3
=24 (3 bytes) bits, in CMYK 8x4 = 32 bits (4 bytes).

Note, LV uses an ‘alpha’ channel for RGB. The alpha channel stores
transparency information--the higher the value, the more opaque that pixel is.
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Reading an Image File

This VI block diagram opens an existing image file (e.g., a bitmap), reads the

file, and then displays it.

1000000000000 000000000000000000000000000000000000000006fr:

lSEIEn:t an Image File|

Image

L

[

s el o \ f
/| = 5]
[Getimage type|  |Create animage| |Read an image Free Memory. The image
from file control is in Snapshot mode,
so the image displayed is not
removed.

OO0 0000000000000 000000000000000000000000000000000000dad
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On the Front Panel, place an
. ‘Image Display’ to get this
terminal; then wire image data.
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Example — looking at an image

The simple VI in the
previous slide can be
used to open an image
file.

This read-out indicates the
size of the image (pixels).

When moving the cursor
around the image, the
readout shows cursor (X,y)
coordinates and the

‘intensity’ value at that W ,
—‘I | v

location.
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File Edit Wiew Project

=]
Dperate  Tools  Window  Help

=5 |1§}| @IE | 13pt Application Fonk

~|fo-]xa-]d @

Image

4

S

] I‘

This is the ‘clamp’
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example file provided in LabVIEW
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Some LV Machine Vision VIs

o Select Region of Interest
e Light Meter
e Count and Measure Objects

e You’ll learn how to use some of these In the
lab. There are many others you can skim
through to get an idea of what Is available.
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IMAQ Select Region of Interest

You can focus on regions based on:
point, line, rectangle, annulus

Window Number (0...15) |

Image In Image Out (duplicate)
Prompt wET IjJ."--. mLFLEEtanglE
error in (No error) s, = po== j - Cancelled

Color Palette error out
IMAQ Select Rectangle

Allows the user to specdfy a rectangular area in the image. IMAQ Select
Rectangle displays the image in the specified window and provides the
rectangle and rotated rectangle tools, IMAQ Select Rectangle returns the
coordinates of the rectangle selected when the user dicks OK in the window,

The output from this VI can be sent to other Vs that
require that bounding information.
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IMAQ Light Meter

IMAQ Light Meter (Rectangle)

Measures the pixel intensities in a rectangle of an image.

wa | | I16] |5GL

If you want to examine
pixel intensity in a certain
region, you need rectangle
Information.

SI'IEI'."'J SEEIT'E"I |':'||"E!EI ........................... i

Image
Rectangle = QH

Coordinake Swskem Tﬂ

=Hisktogram

pronannnannns mage Cuk
iaray Level Inkensities
Coordinate Swskem (duplicake)

Error in (no errar) =grror ouk
IMAQ Select Rectangle = — e
Use to specify a rectangular —> D}H i
area in the image. o e oo

Rectangle coordinates are
output and can be sent to
next function.

Image
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Rectangle
A/ g

r—«<—Histogram data (send

directly to a waveform
graph)
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Count and Measure Objects

Another VI that needs rectangle information, and which is very

useful for basic segmentation is the ‘Count and Measure Objects’
VI.

This VI needs several inputs, as shown below.

Image s Image Out
Search Rect (entire image) = s - - Mumber of Objects

Coordinate System ir“ | == Coordinate System (duplicate)
error in {no error) eocen grror out

IMAQ Count Objects 2

Locates, counts, and measures objects in a rectangular search area. This VI uses a threshold
on the pixel intensities to segment the objects from their background.

NOTE: This VI requires that you convert the image to grayscale.
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IMAQ Cast Image

IMAIL) Cast Image

# Shifts ]
Image Src Image Dsk Cuk
Image Dst - :
Lookup Table oo @ gy
BFFOr in (Mo error) ===
Image Type

Converts the current image tvpe ko the image type specified by
Image Type, If wou specify a lookup kable, IMAG Cast Image
converts the image using a lookup table, IF converting From a 16-hit

image ko an 8-bit image, the YI executes this conversion by shifting Example usage shown below:
the 16-bit pixel walues to the right by the specified number of shift

operations and then kruncating ko get an 8-hit value, Refer to the n
MI Yision Concepts Manual For more information about converting mage
image tvpes, PE ] i
TaIRE: =[=! [+ E
JuzeCH|_used ot |y

I
arayscale (LUS) -
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Example — Finding Objects and Intensities

Imnage Cuk

g 4] Ilumnber of Objecks
m » 3 Dbjects| [Fisz

= 1 ® Lekbings ;m: b= o] [mage Out
= ; ° [ty | b ]

2 2 Nl

) Image rnnn]

> Rectangle == |{#| s E
il

o . @ Error====-|.'_E B
o

ity FE -

Settings
hd Objects Threzhold
ﬂ ﬂ ﬂl Dark Objects | ﬁl 100 | ¥ Shaw Search Area
II— . ¥ Shaw Center
Sty I CRet e 166 (nT) ™ lgnore Objects touching Image Borders V¥ Shaw Bounding Box
[ Fill Holes within Objscts
¥ Minimum Object Size ﬂ 2 |[|:|i:-:els]
3 ObJECtS detected v Mavimurn Object Size g 100 |[|:|i:-:els]

The limit on object size prevented the 3 larger
objects in the ROI from being identified
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Define “Threshold’

Threshold specifies the grayscale intensity that 1= used as threshold level. When a
Bright Objects type = selected, the threshold range used includes Threshold to
the maximum possible intensity depending of the image type (255 for a 8-bit
image). When a Dark Objects type s selected, the threshold range used includes
the minimum possible intensity depending of the image type (0 for a 8-bit image) up
to Threshold.

Bright objects have ‘high’ intensity values (e.g., 255 for 8-bit)
Dark objects have ‘low’ intensity values (e.g., O for 8-bit)

These objects have an

intensity of close to __,- ®
zero.

These objects have an
Intensity of close to ’
255.

For 8-bit image
The “Threshold” must often be specified as an input to some machine vision VIs.
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Generating Intensity Histogram

Histograni

o

Light Meter
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Histogram
2250 -
2000 -
1750 -

Flat o RN

| F iy I
50 100 150 200 250 300
Intensity

Within the ROI, a histogram is generated of the
Intensity values. Note that most of the image Is
made up of pixels with intensity greater than about
180. White is 255.
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Capturing Images

e PCI cards
« USB cameras™ (web cams, etc.)
* Firewire cameras

o USB Is targeted for this course:

— Low-cost
For DIYers, there are a lot of
— Easy to use interesting websites on using

] i , ‘webcams’ for astrophotography, etc.
— ‘make It yours PIOTITEPY
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USB Cameras (Webcams)

* USB webcams are probably the slowest cameras
available, especially the way they are to be used in this
course.

o QOur experience has shown that the maximum
bandwidth we can achieve for image acquisition Is
about 10 frames/sec (within LabVIEW).

 Some online sources indicate that “‘hacked’ webcams
can achieve 30 frames/sec.

* S0, It Is the software environment (Windows, LV,
communications, etc.) that we’ve chosen that is
placing the restrictions on the performance.
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Acquire a USB Camera Image

IMAL USB Snap.vi

. —
IMAC USE Session In T

Image in -~ use e
errar in {no error) =

Performs a single shok acquisition, Cnly one camera can acquire ak
atime, Use the Mew Image output from IMAG Create.vi for the

IMACQ USE Session Ouk
Image out
error out

[132%

ISE Cameras Image in.

71—

MEermhMames IE:-:arnp|E: ~[IMAB [ Trane
SE Cameras )

B

el

IMAIL USEB Enumerate Cameras.yi

=)

= |

Errar in [no error) s

Creates a lisk of all available USE cameras found on the
syskem that can be initialized, Use the lisk with IMAG LISE

Init ko create an IMAC USE session.

JSE Carnera Mames

efror ouk

IMAQ USE Init.vi
USE Camera Name -Ilj | IMAC ISE Session Cuk
video Mode e
error in (no error) =8 error ouk

Creates an IMAG 1JSE session given the name of a USE camera.
IMAC USE Enumerate Cameras oukputs a lisk of available cameras
that can be initialized. The Wideo Mode paramater allows wou to
specify a particular acquisition mode of the camera, Use the IMAQ
IJ5E Property Page.vi with Video Mode to see the available video
Cukput Formats the camera supports,
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IMAQ USE Close.vi

IMAL USE Session In ®

errar in (no error) ————{UsEH errar ouk

Closes a session ko a USE camera that was opened
with IMAC USE Init,
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Front Panel

—>

NxM, 32-bit RGB image

ME 244L — Prof. R.G. Longoria
Dynamic Systems and Controls Laboratory

RGB levels...
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Just checking...in Photoshop

Color Picker |
Select foreground color: Ik I
Zancel
i
i_ustarm
. —_—
o H:|2d2 = L |19
5|25 % a4
B 22 % b |9
| R a6 e %
" Edd M55 =
B IS‘EJ Y28 %
. = [PE2C3E N B

™ Only Web Colars
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About digital image capture...

« The following Is a collection of slides on digital
Imaging technology collected from various sources,
particularly using ‘webcams’.

|t iIs not necessary to understand all this information to
use the webcams.

* Do make note of the difference between the two basic
type of image ‘sensors’ used in modern webcams.

 [f interested in “hacking’ webcams, check online for
astrophotography with webcams.
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Solid-State Cameras

« A solid-state camera focuses incoming
light onto a light-sensitive, solid-state

Sensor.

e These sensors are typ|ca||y made up Metal Oxide Semiconductor (MOS) Capacitor
of a rectangular image array (imagers) Pholons’ 6/ poysicon
or a single line (line-scan) of equi- Dioxide

spaced, discrete light-sensing I

elements, called photo-sites. pmg?._
« Each photo-site acts as an optoelectric S

converter because it becomes iy i A . oS

electrically “charged” to a level

directly proportional to the amount of

light that strikes it during a given time

period, called the integration time.

Figure 2
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CCD - Charge-Coupled Device

E | E | E|E | E|E|E
 Ina CCD, the charges that build Bl s o
- 20 e[| e Artay
up on all of the array photo-sites volHEE g |
are linked or “coupled” together  |cee| r-{DEERE
so that they can be transferred o TBBBEE o
out of the array directly (digital S In i »
output) or processed Into a time- Yor TL'“
varying video signal (analog Output Register
O utp ut) . 5 = photoconductor Storage Elements
 Two basic designs for L4 mndneneden.,

i B B B BB,
transferring the accumulated B0 B B E
charges out of a CCD array: SElaals T 1T
frame-transfer (FT) shown right fLmlEnEmEEn ,
(top) and interline-transfer (1T) ¢ » BODT 00D -
shown right (bottom). E\ém -
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Some history...

In 1969 Willard S. Boyle and George E. Smith, while working at Bell
Laboratories, designed the first Charge Coupled Device (CCD), a working
version was produced just a year later.
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A more basic description

A CCD (Charge Coupled Device) chip is a light sensitive device, made of
silicon. It is an array of light sensitive pixels. When light falls on a pixel, it
will be converted to a charge. This charge is captured in the pixel. It can’t go
to other pixels. The more light falls on the pixel, the more charge will
accumulate in the pixel. The amount of charge is a measure of the amount of
light that felt on the pixel.

CCD array

. » / B0 92 |84 | 95 | 109
Light s=n=itiwe area

TH |87 | 84| 65 | 93

83 [ 97 | 207|159 (134

a7 34| 56| 21

37 (89|65 ) 34| T4

The amount of charge in every pixel
makes the image. The computer can
read this charge and convert it to an
Image.
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CCD clearing phase

There are three main phases:

1. Clearing phase. There is no shutter in a digital camera, so there is always
light falling on the CCD chip. An image is ‘captured’ by taking all existing
charge from the pixels. The CCD chip can shift lines downward with
electrical pulses. All charge in a line will move to the line below of it. This
happens with all lines of the chip at the same time. The lowest line will move
the charge to a ‘clearing line’, where it will be removed. When all lines are
shifted away, there is no charge left anymore. This phase takes a few
milliseconds. 56D armay

Charge transfer
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CCD exposure phase

Exposure or integration phase

When exposed to an image, a CCD chip accumulates charge in the pixels. The
longer you wait, the more light will be registered by the chip. This phase
controls the exposure time, also called: integration time, because the chip
Integrates the amount of light in a certain period. With lunar and planetary
photography it usually takes a few tenths of a second, but it can take minutes
or even hours.

CCD array CCD array
after 1 sec. after 2 sec.
20 | o2 |24 | O (104 161|126 (169 (195 (200
TH|ET | 84| 65| o2 150 175 106 120 109
23 | OF (207|159 (134 165 1965 | 412|216 (270
2 Fe| 3| 56|21 182 161 70 [ M2 | 22
Ir|ealas| 34|74 T2 (181120 67 (146

The CCD array after 1 and 2 seconds exposure. The charge in the pixels
accumulated with a factor of two.
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CCD readout phase

Readout phase
To get the image in your computer, it will have to
read the amount of charge of every pixel. There is a
device, the charge detection node, in the CCD chip

that Is able to measure the charge of a pixel. Every J
pixel must be shifted in this device. The lowest line is | e PRI S o
able to shift pixels to the left in the direction of the

device. So these pixels can be measured one by one. -

When all pixels of the line are measured, all lines are shifted one line down.
Then again the lowest line can be measured. This will be repeated until all
lines are measured. The computer can read the measurements through the
camera electronics. This phase can take a few seconds.

When the computer has collected all measurements, it can show an image of it.
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Detalls on the CCD chips

The most used types of CCD chips:

1. Full frame device. This is the most simple device as described above. It is used in the CB211 camera. This type
can’t be used with lunar and planetary photography without a shutter. Making images of this kind of objects
typically requires an integration time of a few tenths of a second. The problem is the readout time, which can take a
few seconds. During readout, the chip is still receiving light, which will destroy the original image, before it’s
completely read by the computer.

2. Frame transfer device. The CCD chip in the CB245 camera has a TC245 CCD chip from Texas Instruments, this
Is a frame transfer device. With this kind of chip, the lowest half of the chip is protected against light. The image is
only made on the upper half of the chip. When you are finished making your image, the image will be transferred
from the upper half to the lower half, where it will be protected from light. This will take only a few ms. There is
enough time, in this area, to read the image. A frame transfer device can be used with lunar and planetary
photography.

Upperhalt fghts=nstve  The TC245 is divided in 2 parts.

Lowver half, protected

TC245
3. Interline transfer device. One line of every two lines is protected from light. During integration, only one line

receives light. At the end, this line is shifted to the protected line, where it will be read by the computer. An interline
transfer device can be used with planetary photography, Lunar photography will be more difficult, because of it’s
brightness. The bright light can influence the protected line. The protected area of a frame transfer device is safer.
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CMOS Designs

e CMOS designs differ from CCD designs in the way the sensors are manufactured and
how the charges are read out of the array.

 CMOS sensors are manufactured on standard semiconductor production lines,
whereas CCDs are manufactured on dedicated production lines. This advantage
allows CMOS sensor designers to leverage the constantly improving manufacturing
capabilities of standard CMOS production lines (larger wafers, smaller feature sizes)
to incorporate onboard signal processing functionality at a fraction of the cost of
CCDs.

 This manufacturing advantage allows CMOS sensors to be more tightly integrated
into entire camera assemblies on a single production line than CCDs. However,
CMOS sensors traditionally suffer from poor dynamic response when compared to
CCDs.

» A definite design advantage that CMOS sensors have over CCDs is that each photo-
site in a CMOS sensor array can have its own amplifier and output circuitry. This
allows each photo-site to be read out independently of the other photo-sites and
eliminates the need for charge-coupling. It also gives CMOS sensors the ability to
have much better onboard programmability for more efficient read-outs and easier
integration with “off-the-shelf” digital signal processors for more powerful and
smaller overall camera design.
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Scanning Techniques

« Television takes advantage of a
measurable threshold in people’s
ability to sense movement of
Images over time, or flicker.

* Flicker is minimized by interlacing
or stitching two successive images
read from a standard camera.

e 2:1 iInterlace is described as
follows:

— Read/display all even-numbered
lines (even field, half-size)

— Restart

— Read/display all odd-numbered
lines (odd field, half-size)

— Stitch the even and odd fields
together and form a single, full-
size frame

— Output the full-size frame

ME 244L — Prof. R.G. Longoria
Dynamic Systems and Controls Laboratory

Second half of line 265

First half

—_
—
T

S i T Line 262,
of line 265 TThme—a Fiedd 1

2:1

Interlaced scanning, shown here for the NTSC

video format. PAL and SECAM interlacing are
similar, with the difference being the number of
lines in each field.
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Interlace Scanning

Solid-state camera manufacturers design 2:1 interlace scanning into their
cameras so that their cameras can be connected directly to standard
televisions and monitors. There are two variations.

Frame integration — only the even or odd field is repeatedly read from the
Image sensor, while the other field is discarded. This results in a full-size
frame that contains only the even or odd field available on the image sensor.

Field integration — pairs of consecutive frame lines are read from the image
sensor simultaneously, using all frame lines in the overall scan. For example,
lines 1 and 2 would be combined and read as line 1, lines 2 and 3 would be
combined as line 2, and so on, until a full-size frame is constructed.

Interlacing requires a finite amount of time to produce a final full-size frame,
so if any movement occurs in a scene between the time of the scans, the final
frame will appear blurry. New camera designs employ progressive-
scanning techniques to offset this effect.
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Progressive Scanning

Progressive-scan cameras operate by immediately transferring an entire
frame at once from the image sensor without any performing any line-
Interlacing.

The obvious benefit of this design Is in motion detection applications, but the
down side is incompatibility with standard television systems.

However, computer-based image processing applications do not require that
raw camera images be displayed on a television monitor. Rather, the camera
IS used as the sensor and input device to a plug-in acquisition board inside a
computer with a built-in display board that can handle the output of the
acquisition board directly.

Progressive-scan camera designs are gaining in popularity for these
computer-based applications, because they incorporate direct digital output
and eliminate many other time-consuming and unnecessary processing steps
associated with television systems.
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Digital vs. Analog Cameras

 Digital cameras have several technical advantages over
analog cameras.

« By digitizing at the CCD camera rather than at the
Image acquisition board, the signal-to-noise ratio Is
typically higher, which results in better image
resolution.

« Many digital cameras now come with 8- to 12-bit gray
levels of resolution as a standard feature. This higher
Image resolution Is often required in medical, machine
vision, astronomy, and thermal imaging applications.

ME 244L — Prof. R.G. Longoria

_ Department of Mechanical Engineering
Dynamic Systems and Controls Laboratory

The University of Texas at Austin



References

e “Anatomy of a Camera”, National Instruments,
http://zone.ni.com/devzone/cda/tut/p/id/2703

ME 244L — Prof. R.G. Longoria

_ Department of Mechanical Engineering
Dynamic Systems and Controls Laboratory

The University of Texas at Austin



