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Acquisition

Biomedical image acquisition

« Visual images

« Endoscopy (push and wireless)

« Confocal microscopy

« Tomography CT, MRI, PET

» USG, USG 3D

« Thermography

+ Monochromatic image representation
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Image Processing & Computer Graphics II

Visual image acquisition

Video signal
transmission or
Image formation storage
Visualisation
Opto-electrical
conversion
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Camera obscura

From Wikipedia, the free encyclopedia

Y)’V'I;K;PEPI}\ This artcle s about a photographic device. For other uses, see Camera obscura (disambiguation).
e The camera obscura (Latin veiled chamber) is an optical device used, for example, in drawing

navgation orfor entertainment_ It is ane of the inventions leading to photography. The principle can be

* Mansase demonstrated wh b wih ol n one s (he box may b foomsizad. o angar szed)

e Light from a scen passes through the hole and strikes a surface where t i reproduced, in

Py color, and upside-down. The image's perspective is accurate. The image can be projected onto

& Fanuon e paper, which when traced can produce a highly accurats repressntation

P Using miors, 35 in the 16th century overhead version (lustrated in the Discorery and Orgins

section below). it is possible to project a fight-side-up image. Another more partable type is
box with an angled mirror projecting onto tracing paper placed on the glass top, the image
upright as viewed from the back.

nteraction s a pinhole is made smaller, the image gets sharper. but the projected image becomes dimmer. With too small a pinhole the
= AboutWikipedia sharpness again becomes worse due to diffraction. Some practical camera obscurae use a lens rather than a pinhole because it
= Community portal allows a larger apsrture, giving a usable brightness while maintaining focus. (See pinhole camera for construction information )
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Imaging properties [edit]
As mentioned above, a positive or converging lens in it wil focus a collmated beam travelling along the lens axis to a spot (known
as the focal point) at a distance f from the lens. Conversely, a paint source ofight placed at the focal point will be converted into a
collmated beam by the lens. These two cases are examples of image formation in lenses. In the former case. an object at an
infinie distance (as represented by a collmated beam of waves) is focused to an image at the focal point of the lens. In the latter,
an object at the focal length distance from the lens is imaged at infnty. The plane perpendicular to the lens axis situated at a
distance f from the lens is called the focal plane.
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Object Wi W =~ Real image
T
Ifthe distances fiom the object to the lens and from the lens to the image are S, and S, respectively, for a lens of negliible
thickness, in air, the distances are related by the thin lens formula
i
S0 5 f
What this means is that, if an object is placed at a distance S, along the axis in font of a positive lens of focal length £, a screen
placed at a distance S. behind the lens wil have a sharp image of the obiect proiected onto it as lona as S. > f f the lens to-
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Chromatic aberration [edi

Chromatic aberration is caused by the dispersion of the lens material—the variation of ts refractive index 1 with the wavelength of ight. Since,
from the formulae above, s dependent upon 1. it follows that different wavelengths of light will be focused to different positions. Chromatic
aberration of a lens is seen as fringes of colour around the image. It can be minimised by using an achromatic doublet (or achromat) in which
two materials vith diflring dispersion are bonded together to form a single lens. This reduces the amount of chromatic aberration over a
certain range of wavelengths, though it does ot produce perfect correction. The use of achromats was an important step in the development
the optical microscope. An apochromat s a lens of lens system which has even better correction of chromatic aberration, combined with
improved carrection of spherical aberration. Apochromats are much more expensive than achromats

Different lens materials may also be used to minimize chromatic aberration. such as specialized coatings o lenses made from the crystal
fuorite. This naturally occurring substance has the highest known Abbe number, indicating that the material has low dispersion.

Crown. Flint

Chromatic aberration

Achromatic doublet

Other types of aberration (ecif
Other kinds of aberration include field curvature. barrel and pincushion distortion, and astigmatism.
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Design [edit] z

There are many possible designs for zoom lenses, the most
complex ones having upwards of thirty indidual lens
elements and multiple moving parts. Most, however, follow
the same basic design Generally they consist of a number
of individual lenses that may be either fixed. or side axially
along the body of the lens. As the magnification of a zoom
lens changes, it is necessary to compensate for any
movement of the focal plane to keep the focussed image
sharp. This compensation may be done by mechanical
means (moving the complete lens assembly as the
magnification of the lens changes), or optically (amanging
the position of the focal plane to vary as little as possible as
the lens is zoomed)

A R
Afocal zoom system

A simple zo0m ks system

A simple scheme for a zoom lens divides the assembly into two parts: a focussing lens similar to a standard, fixed-focaklength
photographic lens, preceded by an afocal zoom system, an amangement of fixed and movable lens elements that does not focus
the light, but aters the size of a beam of light traveling through it. and thus the overall magnification of the lens system

In this simple optically compensated zoom lens, the focal system
consists of two positive (converging) lenses of equal focal length
(lenses L, and L) with a negative (diverging) lens (L) between them.
with an absolute focal length less than half that of the positive lenses.
Lens L is fixed, but lenses L, and L, can be moved axially, and do 50
in afixed, noninear relationship. This movement is usually performed
by a complex arrangement of gears and cams in the lens housing
although some modem zoom lenses use computer-controlled senvos to
perform this positioning

As the negative lens L, moves from the front to the back of the lens
the lens L, moves forward and then backward in a parabolic arc. In
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In this simple optically compensated zoom lens, the afocal system
consists of two positive (converging) lenses of equal focal length
(lenses L, and L) with a negative (diverging) lens (L) between them,
with an absolute focal length less than half that of the positive lenses.
Lens L is fixed, but lenses L, and L, can be moved axially, and do so
in a fixed, noninear relationship. This movement is usually performed
by a complex arrangement of gears and cams in the lens housing
although some modem zoom lenses use computer-controlled servos to
perform this positioning

As the negative lens L, moves from the front to the back of the lens.
the lens L, moves forward and then backward in a parabolic arc. In
doing so, the overall angular magnification of the system varies.
changing the effective focal length of the complete zoom lens. At each
ofthe three points shown, the three-lens system is afocal (neither
diverging or converging the light), and so does not alter the position of
the focal plane of the lens_ Between these points, the system is not
exactly afocal, but the variation in focal plane position can be small
enough (~20.01 mm in a well-designed lens) not to make a significant
change to the sharpness of the image

An
important
issue in
zoom lens
design is
the corection of opical aberrations (such as chromatic aberration, and
in particular field cunature) across the whole operating range of the
lens; this is considerably harder in a zoom lens than a fixed lens,
which needs only to correct the aberrations for one focal length. This
nrblem was 2 mainr reacan for the sl iinake of znom lances_with

Hovement ofenses in n afocal zoom system
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Iconoscope

From Wikipedia, the free encyclopedia

[W/IKIPEDIA | The lconoscope was the name gien to an early television camera tube in which a

e Free Encyclopedia | beam of igh-velocity electrons scans a photoemissive mosaic. A research group at ——
avigation RCA headed by Vladimir Zworykin introduced the Iconoscope in 1934 ('], after visiting

Main page Philo Famsworths lab and examining in 1930 how the worlds firt electronic television

Contents

camera had been designed. for a potential licensing deal for his new employer, RCA.
The Iconoscope was a leading camera tube used for broadcasting in the United States

@
Rendom aride from 1936 until 1946.
earcn Contents [nise]
1 Operation
2 0ther early electronic tubes
aseesiso
teraction 4 Exteral links

5References
About Wikipedia

Community portal

Recent changes Operation [edi]

ContactWikipedia

Donate o Wipedia | | Withinthe lconoscape an image was projacted onto a plate contining a mosaic of

Help photosensitive granules. As they shared a common plate, each granule constituted a

and th photolectrc cets emied an seciic

o tiny capacitor that accumulated and stored an electrical charge proportional to the light ¢’ TR SR SRR

T energy striking it. A scanning electron beam periodically swept across the plate. e e pr e e e e

What lnks here

Related changes discharging the capacitors and providing the electrical output of the tube "] the left side ofthe tube and ampified.

Upload e

The ke aspect of the Icanoscope was that the light-sensitive target accumulated and
stored photoslectric charges between each discharge scanning cycle, thus greatly increasing its electrical output relative to image
inlensit waeaied {0 previous desian
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Image sensor
From Wikipedi, e ree encyclopecia

IWIKIPEDIA | Animage sensoris a devce that converts an optical image to an electic signal. It s used
[[be Free Encyclopedia | mostiy in digital cameras and other imaging devices. An image sensor is typically a charge-

igation coupled device (CCD) or a complementary metal-0xide-semiconductor (CMOS) active-pixel
4ain page sensor.
Confent;
Featured content Contents el
Curtentevents 1cCDvs CHOS
Random aricle .
e 3 Colorsensors
4 Specaly sensors
5Seealso
[=3] o References
e 7 Etemal lnks
About Wikipedia
Communiy pora CCD vs CMOS (oG] A cco image sensor ona flexive crcut &
Recent changes bosrd
Contact Wikipedia Today, most digital stil cameras use either a CCD image sensor or a CMOS sensor. Both
Donate to Wikipedia | | types of sensor accomplish the same task of capturing ight and comverting it into electrical
Help signals
ook ACCD is an analog device. When light sirikes the chip it is held as a small electrical charge in each phato sensor. The charges are
Whatlinks hers converted to voltage one pixel at  time as they are read from the chip. Additional circuitry in the camera converts the voltage into digtal
Related changes information
Upload fie

A CMOS chip is atype of active pixel sensor made using the CMOS semiconductor process. Extra circuitry next to each photo sensor

Sveci pages) converts the light energy to a voltage. Additional circuitry on the chip may be included to convert the voltage to digital data

)y | W httpifjen.wiipedi.orgluikfActive_pixel_sensor [v][4s][x e
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oA Active pixel sensor
N From Wikipedia, the free encyclopedia
IWIKIPEDIA | An active-pixel sensor (APS). slso commonly vitten active pixel sensor, is an image ssnsor consisting of an integrated circuit
LR s containing an array of pixel sensors, each pixel containing a photodstector and an active amplifier. There are many types of active pixel
gation sensors including the CMOS APS used most cammonly in cell phons cameras, web cameras and in some DSLRs. Such an image
ain page sensor is produced by a CMIOS process (and is hence also known as a CMOS sensor), and has emerged as an altemative to charge-
Contents. coupled device (CCD) imager sensors.
Featured content N
Current events The term active pirel sensor i also used to refer o the individual pixel sensor itsel, as opposed to the image sensor." n that case the
Random sricle image sensor is sometimes called an active pixel sensor imager,?) active-pixel image sensor, or active-pixel-sensor (APS) imager.
e Contents (e
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3 Architecture
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Related changes
Upload file History [edit]
Special pages
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Pixel [edid]
The standard CMOS AP pixel today consists of a photodetector (a JFET photogate or
pinned photodiode), a transfer gate, reset gate, selection gate and source-follower Vrst
readout transistor — the so-called 4T cell
The JFET photogate or pinned photodiode was originally used in interine transfer CCDs RST _| Mg

due to its low dark current and good blue response, and when coupled vith the transfer
gate, allows complete charge transfer from the photodetector efiminating lag. The use of
intrapixel charge transfer can offe lower naise by enabling the use of correlated double
sampling

‘The Noble 3T pixel is stil cten used since the fabrication requirements are easier. One
transistor, M, acts as a switch to reset the device. When this transistor is tumed on
the photodiode is sfectively connicted to the povwer supply. Vg, clearing al integrated | ROy
charge. Since the reset transistor is n-type, the pixel operates in soft reset coL
The second transistor, My, acts as a bufer (specifically. a source follower), an amplifier

‘which allows the pixel voltage to be observed without removing the accumulated charge.
Its power supply, Vi, is typically tied to the power supply of the reset transistor.

Athreeransstor active pixelsensor &

The third transistor, M_, is the row-select transistor. Itis a switch that allows a single row of the pixel array to be read by the read-out
electronics

Other innovations of the pixels such as 5T and 6T pixels also exist. By adding extra transistors, functions such as global shutter are
possible.

In orderto increase the pixel densities, shared-row. four-ways and eight-ways shared read out, and ather architectures can be employed.
Avariant of the 3T active pixel is the Foveon X3 sensor invented by Dick Merrl. In this device, three photodiodes are stacked on top of
each other using planar fabrication techniques, each photodiode having its own 3T circuit. Each successive layer acts as a fier fo the
layer below it shiting the spectrum of absorbed light in successive layers. By deconvohing the response of each layered detector, red
green, and blue signals can be reconstructed.

APS using TFTs [edi]
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Charge-coupled device

From Wikipedia, the free encyclopedia

IWIKIPEDIA | A charge.coupled device (CCD) is an analog shif register that enables the
Wi :

he Free Encyclof transportation of analog signals (electric charges) through successive stages
igation (capacitors), controlled by a clock signal. Charge-coupled devices can be used
1ain page as a form of memory or for delaying samples of analog signals. Today. they are
Conten

most widely used in arrays of photoelectric light sensors to serialize parallel
analog signals. Not all image sensors use CCD technology; for example, CMOS

chips are also commercially available.
Random artcle e i

"CCD" refers to the way that the image signal s read ot from the chip. Under

arch the control of an extemal circuit, each capacitor can transfer its electric charge
to one or another of its neighbors. CCDs are used in digital photography, digital
(o) photogrammetry, astronomy (particularly in photometry), sensors, electron
microscopy. medical fuoroscopy, optical and UV spectroscopy, and high speed | A specily developed CCD used for ulravioketimaging in &
raction techniques such as lucky imaging et pactioe
About Wikipedia
Sy sor) Contents frice]
Recent changes 1 History
Contact Wikipedia 28Basics of operation
Donate to Wikipedia 3 Detailed physics of operation
Help 4 Architecture
Ibox 5 Astronomical CCDs
Whatlinks here 6 Color cameras
Related changes 6.15ensor sizes
Uploadfile 7seealso
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Bayer filter
From Wikipedi, e ree encyclopecia

IWIKIPEDIA | A Bayer filter mosaic is a color fiter array (CFA)for amanging
e S RGB color filters on a square grid of photosensors. Its particular

igation amangement of calor fiters is used in most single-chip digital image
ain page sensors used in digital cameras, camcorders, and scanners to
Conten

create a color image. The fiter pattem is 50% green, 25% red and
25% blue, hence is also called GRGBI" or other permutation such
as RGGB

Itis named after ts inventor, Dr. Bryce E. Bayer of Eastman

Random article

arch Kodak. Bayeris also known for his recursively defined matrx used
in ordered dithering

[=3] Contents s
raction 1 Explanation
About Wikipedia 2 Aternatives e rangement of color =]
Community portal 21 Panchromatic” cels sensor

Microlenses and
Contact Wikipedia 23 Foveon's verticalcolor fiter
Donate to Wikipedia | | |3 See aiso
Helo 4References Incoming light
Ibox 5Nates
Whatlinks here 6 External links Filter layer
Related changes
Uploadfile Explanation (ecit) Sensor array

Special pages




) - (W hpien whpedis orwiiinage scemer el ) [5¢] [socat )

Edyga Widok Uibone Narsedda Pomoc
gle[ 8+ [ ] sekas  clle- | B~ €% zabaki= | (G znoid - " sprawds ~ L] Autouzupeirinie -

| Winage scamer - wikped, the fres enycipeds | | 5 - B v - [ srona + (G Nerzsdia

Zalogu si

Tog in create account
article || discussion | | editthis page | [ history

Image scanner

From Wikipedia, the free encyclopedia

WikIPEDIA In computing, a scanner is a device that optically scans

[ Free Encyclopedia images, printed text, handwriting, or an object, and converts
igation it to a digital image. Common examples found in offices are
Main page variations of the desktop (or flatbed) scanner where the
Contents. document is placed on a glass window for scanning. Hand-

held scanners, where the device is moved by hand. have
evolved from text scanning “wands” to 3D scanners used for
industrial design, reverse engineering, test and

arcn measurement, orthatics, gaming and other applications
Mechanically driven scanners that move the document are

Random article

= Irage scanner 57| typically used for large-format documents, where a flatbed

design would be impractical.
raction Moder scanners typically use a charge-coupled device (CCD) or a Contact Image Sensor (CIS) Desiiop scamner, wintheid &5
About Wikipedia as the image sensor, whereas older drum scanners use a photomultiplier tube as the image [:‘": fog! “”':‘*'"“ pecnbies
Community portal sensor. A rofary scanner, used for high-speed document scanning, is another type of drum 2 Y 2

Recent changes.
Contact Wikipedia
Donate to Wikipedia
Help

scanner, using a CCD array instead of a photomultipler. Other types of scanners are planetary.
scanners, which take photographs of books and documents, and 3D scanners, for producing
three-dimensional models of objects.

Ancther category of scanner is digital camera scanners, which are based on the concept of
reprographic cameras. Due to increasing resalution and new features such s anti-shake, digital
Reieisd Ganpes cameras have become an attractive altemative to regular scanners. While still having

Upload e disadvantages compared to traditional scanners (such as distortion, reflections, shadows, low
Special pages contrast), digital cameras offer advantages such as speed. porabiliy. gentle digitizing of thick
documents without damaging the book spine New scanning technologies are combining 30
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The first image scanner ever developed was a drum scanner. It was builtin 1957 at the US National Bureau
of Standards by ateam led by Russel Kirsch. The first image ever scanned on this machine was a § cm
square photograph of Kirsch's then-three-month-old son, Walden. The black and white image had a
resolution of 176 pixels on a side (!

Flatbed (edit

A fiatbed scanner is usually composed of a glass pane (or platen). under which there i a bright light (often
xenon or cold cathode fluorescent) which iluminates the pane. and a moving optical amay in CCD scanning
CCD type scanners typically contain three rows (arrays) of sensors vith red. green, and blue fiers. CIS
scanning consists of a moving set of red, green and blue LEDs strobed for ilumination and a connected
monochromatic phatodiode array for light collection. Images to be scanned are placed face down on the The fist scanned image &7
glass, an opaque cover is lowered over it to exclude ambient light, and the sensor array and light source

move across the pane, reading the entire area. An image i therefore visible to the detector only because of the liht it eflects
Transparent images do not work in this way, and require special accessories that illuminate them from the upper side. Many scanners
offer this as an option

Film edit]
"Slide" (postive) or negative fim can be scanned in equipment specially manufactured for this
purpose. Usually, uncut film strps of up to six frames. or four mounted slides, are inserted in a
carier, which is moved by a stepper motor across a lens and CCD sensor inside the scanner. Some
models mainly used for same-size scans.

Hand o]

Hand scanners come in two forms: document and 3D scanners. Hand held document scanners are
manual devices that are dragged across the surface of the image to be scanned. Scanning
documents in this manner requires a steady hand. as an uneven scanning rate would produce
distorted images - a it light on the scanner would indicate ifthe motion was too fast. They typically
have a "start” button, which is held by the user for the duration of the scan: some switches to set the optical resolution: and a roller,
which generates a clock pulse for synchronization with the computer. Most hand scanners were monochrome, and produced light from an

artay of green LEDs to luminate the imags A typical hand scanner also had a small window through hich the document being scanned

DSLR camera and side scanner &

B - (W hpien whpedis orgwiiinage scemmer el ) [5¢] [socat )

Edyga Widok Ubbone Nersedda Pomog
gle8~

] sekat ¢ e | B+ €% zaadke | [Gznot - ' sprands - ] Atouaupeinions

Zalogu si

¢ | Winage scamer - wikped, the fres encycipeds | | B - B v B - [sona - (Narzsdda -

The first image scanner ever developed was a drum scanner. t was builtin 1957 at the US National Bureau
of Standards by a team led by Russell Kirsch. The first image ever scanned on this machine was a 5 cm
square photograph of Kirschs then-three-month-old son, Walden. The black and white image had a
resolution of 176 pixels on a sids !
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National Institute of Standards and Technology
Gaithersburg MD held document scanners are &8
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distorted images - a it light on the scanner would indicate ifthe motion was too fast. They typically

have a “start” button, which is held by the user for the duration of the scan: some switches to set the opical resolution: and a roller
which generates a clock pulse for synchronization with the computer. Most hand scanners were monochrome, and produced light from an
armay of green LEDs to iluminate the image_A typical hand scanner also had a small vindow through which the document being scanned
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Columbia Encyclopedia: analog- to-igital conversion T

Home > Livary > s > Columbia Encycopedia
analog-to-digital or A/D conversion, the process of changing continuously varying data,
such as voltage, current, or shaft rotation, into discrete digital quantities that represent the
magnitude of the data compared to a standard or reference at the moment the conversion is
made. There are two types of converters: electromechanical—also called shaft- or position-to-
digital—and electronic. The most common use is to change analog signals into a form that can be
manipulated by a digital computer, as in data communications; a modem, or data set, is a device
that converts the digital signals produced by computers and terminals into analog signals that
telephone circuits are designed to carry and then back to digital signals at the other end of the
communication link. Similarly, i digital sound recording, audio signals are transformed into digital
data, which are then recorded on a magnetic or optical disk or tape; the digitized data on the
recording medium then must be changed back into the analog sound signals that can be used by
a stereophonic sound system. See also diaital-to-analog conversion.
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Endoscopy

From Wikipedia, the free encyclopedia

‘WIKIPEDIA

y in mathematics, group.
avigation Endoscopy means looking inside and typically refers to looking inside the body for medical
- ain page reasons using an instrument called an endoscope. Endoscopy can also refer to using a
. Contents borescope in technical situations where direct line-of-sight obsenvation is not feasible.
- Featured content
- current events Contents (]
- Random aricle 1 overvew
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3Uses
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7 Recent developments
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- Donate to Vikipedia | | | 11 Extemal links

e Hel

olbox Overview [edit]

[ = A flxibe endoscope.
3 QSZ‘L'SZ?!?;ZS Endoscopy is a minimally invasive diagnostic medical procedure that is used to assess the

e Uplosa e interior sufaces of an organ by inserting a tube into the body. The instrument may have a rigid or
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Fiberscope

From Wikipedia, the free encyclopedia

W/IKIPEDIA | Afiberscope is a flexible fiver optic bundie with an eyepiece at one end, and a lens at

Free Encyclopedia | the other. It is used for inspection work, often to examine small components in tightly
i packed equipment, when the inspector cannot easily access the part requiring

. ain page inspection

. Contents The lens is ofen a wide-angle lens, and the eyepiece is occasionally instead

connected to a camera. Some fiberscopes use an additiona fiber to carry light from an

f cuncctenns extemal source to lluminate the material being inspected, for clearer viewing
e Random article

Al fiberscopes introduce a certain amount of image distortion; much of this is similar to

carc] the distortion of modem night vision equipment
Quartz fiberscopes can reach lengths of up to about 90 m (300 f)\")
(&) Fiberscopes are used in medicine, machining, computer repair, espionage,
locksmithing, safecracking, and computer forensics, among many other uses.
eraction
. svoutwikiedia Contents (el A low quaky fberscope observing the nside 51
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Bronchoscopy

From Wikipedia,the free encyclopedia

WIKIPEDIA  Bronchoscopy is a technique of visualizing the inside of the ainvays for diagnostic and

The e Enydopdia | therspeuic purposes. An instrument (bronchoscope) is inssrted into the sinvays, usually through
avgation the nose or mouth, or occasionaly through a racheostomy. This allows the practtoner to

L tiain page examine the patients ainvays for sbnomaliies such as forsign bodies, bleeding, tumors, or

[ contenis inflammation. Specimens may be taken fom inside the lungs: biopsiss, fuid (bronchoalveolar
[ Featured content Iavage), or endobronchial brushing. The construction of bronchoscopes ranges from rigd metal
I tubes with attached lighting devices to flxibl fbreopic instruments vith realime video
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Esophagogastroduodenoscopy

From Wikipedia, the free encyclopedia
Red Gastroscopy’

‘WIKIPEDIA
TheFre Emyiopia "EGD" redirects here. For the computer sotuare Entropy Gathering Daemon, see /dev/arom
avgation “0GD redirects here For e IATA sifport code, see Ogder-Hirciiey Arport.
- 1ain page In medicine (gastroenterology). esophagogastroduodenoscopy is a diagnostic e
[ contents endoscopic procedure that visualizes the upper par of the act upto

the duodenum. tis considered a minimaly invasive procedure since it does not require
an incision into one of the major body cavities and does not require any significant

- Random aricle
recovery afer the procedure (unless sedation or anaesthesia has been used). A sore

earch throat is also common. {211
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Colonoscopy
From Wikipedia, he free encyclopedia
WIKIPEDIA | Colonoscopy is the endoscopic examination of the arge colon and the distal par of terventions
The Free Encyclo the small bowel with a CCD camera or a fiber optic camera on a flexible tube passed Cnf‘mema i
avigation through the anus. it may provide a visual diagnosis (e.g. ulceration, polyps) and grants Joscopy.
L wain page the opportunity for biopsy or removal of suspected lesions. Virtual colonoscopy, which i
- Contents uses 2D and 3 imagery reconstructed from computed tomagraphy (CT) scans or fiom
[E Feaired coptent nuclear magnetic resonance (MR) scans, is also possible, as a totally non-invasive
g ;::;::::‘:‘i medical test, although it is not standard and still under investigation regarding its
diagnostic abilties. Futthermare, vitual colonoscopy does not allow for therapeutic
earch maneuvers such as polyptumor removal or biopsy nor visualization of lesions smaller
than & millimeters. f a growth or polyp is detected using CT colonography. a standard
=] colonoscopy would sill need to be perfoed. Calonoscopy can femave polyps as
small as one millmeter or less. Once polyps are removed, they can be studied with
teraction the aid of a microscope to determine if they are precancerous of not. Colonoscopy is
L pvoutwicpedia similar to but not the same as sigmoidoscopy. The difirence between colonoscopy.
b+ Community portal and sigmoidoscopy is related to which parts of the colon each can examine 1CD-10 code:
 Recent changes Sigmoidoscopy allows doctors to view only the final two feet of the colon, while 1CD9 code: 45238
. Contact Wikipedia colonoscopy allows an examination of the entire colon, which measures four to five feet | e SH 0031138
[ Donste o Wikpedia || in fength. Ofen @ sigmidoscopy s used as a screening procedre for a fl ———
P colonoscopy. In many instances a sigmoidoscopy is performed in conjunction with a
olbox fecal occult blood test (FOBT), which can detect the formation of cancerous cells throughout the colon. Other times, a sigmoidoscopy
L Wnatiinks here is preferred to a full colonoscopy in patients having an active flre of ulcerative coliis or Croh's disease to avoid perforation of the
- Retated changes colon. Additionally, surgeons have lately been using the term pouchoscopy to refer o a colonoscopy of the fleo-anal pouch
e Uploaa e Contents
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From Wikipedia,the free encyclopedia

WIKIPEDIA A microscope (fom the Gresk g, mikrss, “small” and axorei. skopein, "o look”

WIKIPET Microscope
be Free Eneyclopedia | o1 *see) is an instrument for viewing objects that are too smallto be seen by the naked

avigation or unaided eye. The science of investigating small objects using such an instrument is
- ain page called microscopy. The term microscopic means minute or very smal, not visible with
 Contents the eye unless aided by a microscope.
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e 2Types

211 Optical microscopes
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L Wnatiinks here Microscopes trace their history back almost 1200 years with Abbas Ibn Fimas's esstod e T e e

= Related changes. corrective lenses. ") and it was Ibn al-Haytham's Book of Optics — written between

- Uploadfile 4011 and 1021 — that laid the foundation for optical research on the magnfying glass. Also, a device called the reading stone by an
k. Special pages unknown inventor (thought to be Ibn Fimas) magnified text when laid on top of reading materials %
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Catala Types [edit]
uasauna
Cesky “Microscopes” can largely be separated into three classes: optical theory
microscopes (Light microscope), electron microscopes (e.g. TEM), and e
scanning probe microscopes (SPM).

Optical theory microscopes are microscopes which function through the
optical theory of lenses in order to magnify the image generated by the .
passage of a wave through the sample. The waves used are either Ll N

g X

; electromagnetic (in optical microscopes) or electron beams (in electron ML
- microscopes). The types are the Compound Light, Stereo, and the electron |
- microscope. 1 ==
= b
- Optical microscopes LN ] =
Main artcle: Optical microscope

L > Severaltypes of mcroscopes &
- Opical microscopes, through their use ofvisible wavelengths of light, are the
g simplest and hence most videly used type of microscape.
k. amomo
L Kiswanil Opical microscopes typicaly use refiactive lenses of glass and occasionally of plastic or quartz, to focus light into the eye or another
L Laniezu light detector. Mirror-based opical microscopes operate in the same manner. Typical magnification of a light microscope, assuming
e Lot visible range light,is up to 1500x with a theoretical resolution limit of around 0.2 micrometres or 200 nanometers. Specialized
e Magyar techniques (e.g., scanning confocal microscopy) may exceed this magnification but the resolution s diffaction limited. Using sharter
e Haxenoncen ‘wavelengths of light, such as the ultraiolet, is ane way to improve the spatial resolution of the microscope as are techniques such as
P e Near-feld scanning optical microscope.
L s
L Banasa etz  Various wavelengths of light,including those beyond the visible range, are sometimes
- Nederands. used for special purposes. Ultraviolet fight is used to enable the resolution of smaler
s features as well as to image samples that are transparent to the eye. Near infrared
 Nnapuitano light is used to image circuitry embedded in bonded silicon derices as siicon is
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€m0 Confocal microscopy
N

From Wikipedia, the free encyclopedia

‘WIKIPEDIA  confoc:

focal microscopy is an optical imaging technique used to increase
The Free Encylopedia | - micrograph contrast andlor to reconstruct three-dimensional images by B -
aigation using a spatal pinhle to eiminate outofocus light o e n specimens | S
+ Wain page that are thicker than the focal plane ['! This technique has gained popularity
 Contents in the scientific and industrial communities. Typical applications include life
e Featured content
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. Donate to Vikipedia | | microscope, the entire specimen is flooded in light from a liht source. Due to the consevation of ligt intensity transportation, al
e Hel parts of the specimen throughout the optical path will be excited and the fluorescence detected by a photodetector or a camera. In
o— contrast, a confocal microscope uses point ilumination and a pinhole in an optically conjugate plane in front of the detector to

eliminate out-offocus information. Only the light within the focal plane can be detected. 0 the image qualty is much better than that
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Confocal microscopy

From Wikipedia, the free encyclopedia

WIKIPEDI -
The Free Encyclope .
avigation Beam splitter |

- 1ain page

L curentevents
- Ransomaricle  Light source

earch

A

(o) s

teraction
= About Wikipedia
= Community port:
- Recent changes
e Contact Wikiped:

e Donate to wikine — — Aperture
[ P [V Light detector

i)

Aperture ——J——

olbox

Focal plane

hat
e Whatlinks here

L Uploaatie regular raster (i.e. a rectangular pattem of parallel scanning ines) n the specimen. The thickness of the focal plane is defined mostly
L Specil pages by the square of the numerical aperture of the objective lens, and also by the optical properties of the specimen and the ambient 0
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[How does a confocal microscope work?

[We put all these ingredients together

Scanning
mitcors

| detector
)

pinhole

A laser is used to provide the excitation ight (in order to get very The laser ight offa From there, the laser
i two mirrors which are mounted on motors; these mirrors scan the laser across the sample. Dye in the sample foresces, and the emitted light (green)
ets descanned by the same mirrors that are sed to scan the excitation light (blue) from the laser. The emitted ight passes through the dichroic and is
focused onto the pinhole. The ight that passes through the piahole i d by a detector, e er tl

[So. there never is a complete image of the sample -- at any given instant, only one point of the sample is observed. The detector is attached to a computer
[which buids up the image, one pixel at a time. In practice, this can be done perhaps 3 times a second, for a 512x512 pixel image. The linitation is in the
scanning mirrors. Our confocal microscope (from Noran) uses a special Acoustic Optical Defector in place of one of the mirors, in order to speed up the
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Computed tomography

From Wikipedia, the free encyclopedia

Computed tomography (CT) is a medical imaging method employing
tomography. Digital geometry processing is used to generate a three-
dimensional image of the inside of an object flom a large series of two-
dimensional X-ray images taken around 2 single axis of rotation. The word
“tomography” is derived from the Gresk tomos (slice) and graphein (to wiite)
Computed tomography was originally known as the "EMI scan” as it was
developed at a research branch of EMI, a company best known today for its
music and recording business. It was later known as computed axial
tomography (CAT or CT scan) and body section rontgenography.

CT produces a volume of data which can be manipulated, through a process
known as windowing, in order to demonstrate various structures based on
their abilty to block the X-ray/Rantgen beam. Although historically (see
below) the images generated were in the axial or transverse plane AMulisice CT Scanner: Phips Brianc
(orthogonal to the long axis of the body). modern scanners allow this volume | *'°°

of data to be reformatted in various planes or even as volumetic (3D)

fepresentations of structures

channel hiy

Although most common in medicine, CT is also used in other fields, such as nondestructive materials testing. Another example is the

DigiMorph project at the University of Texas at Austin which uses a CT scanner to study biological and palsontological specimens
Contents [nde)
1 History
2 Previous studies.
21 Tomography

CT
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Windowing [edit) |
Windowing is the process of using the calculated Hounsfield units to make an image. A typical display device can only resohe 256
shades of gray, some specialty medical displays can resolve up to 1024 shades of gray. These shades of gray can be distributed over
a wide range of HU values to get an oveniew of structures that attenuate the beam to widely varying degrees. Altematively, these
shades of gray can be distributed over a narrow range of HU values (called a “narrow window) centered over the average HU value of a
paricular structure o be evaluated. In this way, subtl vaiations inthe nteral makeup of the stucture can be discemed. This is a
commonly used image processing techique known as cortrast compresin. For example, to evaluatethe abdomen i orderto find
subtle masses in the Iiver, ane might use liver windows. Choosing 70 HU as an average HU value for ver, the shades of gray can be
distributed over a narrow window or range. One could use 170 HU as the narrow window., with 85 HU above the 70 HU average value;
85 HU below it. Therefore the liver window would extend from -15 HU to +155 HU. Al the shades of gray for the image would be
distributed in this range of Hounsfield values. Any HU value below -15 would be pure black, and any HU value above 155 HU would be
pure white in this example. Using this same logic, bone windows would use a “wide window” (to evaluate everything from fat-containing
medullary bone that contain the matrow, o the dense cortical bane), and the center ot lvel would be  value in the hundreds of
Hounsfield units. To an untrained person, these window controls would correspond to the more familiar "Brightness™ (Window Level)
and "Contrast” (Window Width) w3w

Artifacts [edit)

Although CT s a elatively accurate test, it is liable to produce artifacts, such as the folowing
= Aliasing Artifact or Streaks

These appear as dark lines which radiate away from sharp comers. It occurs because it is
impossible for the scanner to sample”or take enough projections of the object, which is usually
metallic. It can also occur when an insuficient X-ray tube curent is selected. and insuficient
penetration of the x-ray occurs. These artifacts are also closely tied to motion during a scan. This
type of artifact commonly occurs in head images around the pituitary fossa area

= Partial Volume Effect

This appears as ‘blurring’over sharp edges. It is due to the scanner being unable to difierentiate between a smell amount of high-
density material (e.q. bone) and a larger amount of lower density (e.g. cartlage). The processor tres to average out the two densities
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Magnetic resonance imaging

From Wikipedia,the free encyclopedia

WMIKIPEPIA MR redirects here. For other uses, see MR (disambiguation).

The Free Encyipedi

S Magnetic resonance imaging (MRI). or nuclear magnetic resonance imaging (NMRI), is
avigation primarily a medical imaging technique most commonly used in radiology to visualize the structure
: Uanpage and function o the body.  provdes detied images of the body in any plane. MRl provides much

greater contrast between the diflerent soft tissues of the body than computed tomography (CT)
does, making it especially useful in neurological (brain). musculoskeletal, cardiovascular, and
. Random aricle oncological (cancer) imaging. Unlike CT, it uses no ionizing radiation, but uses a powerful
magnetic field to align the nuclear magnetization of (usually) hydrogen atoms in water in the

B body. Radiofrequency fields are used to systematically alter the alignment of this magnetization.
causing the hydrogen nuclei to produce a fotating magnetic ield detectable by the scanner. This
=) signal can be manipulated by addiional magnetic fields to build up enough information to
construct an image of the body 1138 =
teraction

MRIis a relatively new technology, which has been in use for ltle more than 30 years (compared
with over 110 years for X-ray radiography). The frst MRI Image was published in 19737 and the
first study performed on a human took place on July 3, 19771

= About Wikdpedia
= Community portal
- Recent changes

- Contact Wikipedia Magnetic resonance imaging was developed from knowledge gained in the study of nuclear
- Donateto Wikipedia || magnetic resonance. In ts early years the technique was referred to as nuclear magnetic

- el resonance imaging (NMRI). However, as the word nuciear was associated in the public mind with

olbor fonizing radiation exposure it is generally now referred to simply as MRI. Scientists stll use the

[ Whatlinks here term NMRI when discussing non-medical devices operating an the same principles. The term

e Related changes Magnetic Resonance Tomography (MRT) is also sometimes used. One of the contributors to

- Uploaa e modem MRI, Paul Lauterbur, orginally named the technique zeugmatography. a Greek term

= special pages meaning "that which is used for joining" % The term referred to the interaction between the Static,  Pars-sagatal iRI of the heat, \’
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align in two energy eigenstates (Zeeman eflect) one low-energy. and
one high-energy. which are separated by a certain spliting energy.

Resonance and relaxation fedit]

Mein article: Relexation (NMR)
In the static magnetic fields commonly used in MR, the energy
diflerence between the nuclear spin states conresponds to  photon
at radio frequency () wavelengths. Resonant absorption of energy by the protons due to an extemal oscillating magnetic field will
occur at the Larmor frequency for the particular nucleus.

Moder 3 tesia cinical 4RI scanner. &

‘The net magnetization vector has two components. The longitudinal magnetization is due to a tiny excess of pratons in the lower
energy state. This gives  net polarization paralle to the extema field. Application of an f pulse can destroy (vith a so-called 90°
pulse) or even reverse (with a so-called 180° pulse) this polarization vector. The transverse magnetization is due to coherences
forming between the two proton energy states following an f pulse typically of 90°. This gives a net palarization perpendicular to the
extemal field in the transverse plane. The recovery of longtudinal magnetization is called longtudinal or 7, relaxation and occurs
expanentallywith a time constant 7,. Th loss of phase Goherence nthe ransverse plane s caled anserse ot 7, rlaxation. 7, is
thus associated vith the enthalpy of the spin system (the amount of spins in paralle/anti-parallel state) while T, is associated vith its
entropy (the amount of spins in phase).

When the radio frequency pulse is tumed off, the transverse vector component produces an oscillating magnetic field which induces a
small current in the receiver coil. This signal is called the free induction decay (FID). In an idealized nuclear magnetic resonance
experiment, the FID decays approximately exponentially with a time constant 7, but in practical MRI small diferences in the static
magnetic field at different spatial locations (‘inhomageneities”) cause the Larmor frequency to vary across the body creating
it BiSw1cs MICH st i 0T thne constrd g e i dec ol 7D Bl i T, (T2 star’
relaxation time, and is always shorter than 7, Also, when the radio frequency pulse is turmed off the longitudinal magnetization starts
to recover expunenuauy with a time constant 7,

In MR, the static magnetic field is caused to vary across the body (a field gradient), so that diflerent spatial locations become
associated with different precession frequencies. Usually these field gradients are pulsed, and it s the almost infinite varity of f and
gradient pulse sequences that gives MR s versatiity. Appiication of field gradient destroys the FID signal, but this can be recovered
and measured by a refocusing gradient (to create a so-called "gradient echo”), or by a radio frequency pulse (to create a so-called

“spin-echa’). The whole process can be repeated when some T, relaxation has occurred and the thermal equilbrium of the spins has
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Example of a pulse sequence [edit)

In the timing diagram, the horizontal axis
represents time. The vertical axis represents
(top row) amplitude of radiofrequency pulses:
(middle rows) amplitudes of the three
orthogonal magnetic field gradient pulses:
and (bottom row) recefver analog-todigital ¢
converter (ADC). Radiofrequencies are i
transmitted at the Lamor frequency of the
nuclide to be imaged: for example for 'H n a
magnetic field of 1T, a frequency of 42 5781
MHz would be employed. The three fisld
gradients are labeled G (typically
T corresponding to a patient's Leftto-Right
direction and colored red in diagram), Gy,
_n il (typically comesponding to a pahenls Front-
D it §) to-Back direction and colored green i

' diagram), and G (typically Conaponding to
= patent Head 10-Toe directon and calored
blue in diagram). Where negative-going
gradient pulses are shown, they represent
reversal of the gradient direction, i Right-to-
Lef, Back-to-Front or Toe-to-Head. For
human scanning gradient strengths of 1-100
mil/m are employed: higher gradient strengths perit better resolution and faster imaging. The pulse sequence shown here would
produce a transverse (axial) image

]

seavence

“The first part ofthe pulse sequence, SS, achieves Siice Selection. A shaped pulse (shown here with a sinc modulation) causes a 90°
(72 radian) nutation of longtudinal nuclear magnetization vithin a siab, or slice, creating transverse magnetization. The second part

SO~ W _resonance_inaging ] (42] ] [co0e )
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Imaging fedit]

A number of schemes have been devised for combining field gradients and radiofrequency excitation to create an image. One involves
2D or 3D reconstruction from projections, much as in 1 Others involve building the image point-by-point o line-
by-ine. One even uses gradients i the ffield rather than the static fild. Although each of these schemes is occasionally used in
specialist applications, the majority of MR Images today are created either by the Two-Dimensional Fourier Transform (2D-FT)
technique with slice selection, or by the Three-Dimensional Fourier Transform (3DFT) technique. Another name for 2DFT is spin-warp
What follows here is 2 description of the 2DFT technique with siice selection

Slice selection is achieved by applying a magnetic gradient in addition to the extemal magnetic field during the radio frequency pulse
Only one plane within the object will have protons that are on-resonance and contribute to the signal

A real image can be considered as being composed of a number of spatial frequencies at difierent orientations. A two~dimensional
Fourier transformation of a real image will express these waves as a matrix of spatial requencies known as k-space. Low spatial
frequencies are represented at the center of k-space and high spatial requencies t the periphery. Frequency and phase encoding
are used to measure the amplitudes of a range of spatial frequencies within the object being imaged

The frequency encoding gradient is applied during readout of the signal and is orthogonal to the siice selection gradient. During
application of the gradient the frequency diflerences in the readout direction progressively change. At the midpoint of the readout
these differences are small and the low spatial frequencies in the image are sampled fiing the center of k-space. Higher spatial
frequencies vill be sampled towards the beginning and end of the readout fiing the periphery of k-space

Phase encoding is applied in the remaining orthogonal plane and uses the same pinciple of sampling the object for different spatial
frequencies. However, it is applied fo a bref period before the readout and the strength of the gradient is changed incrementally
between each radio frequency pulse. For each phase encoding step a fine of k-space i filed

Either  spin echo or a gradient echo can be used to refocus the magnetisation

‘The 3DFT technique is rather similar except that there is no slice selection and phase-encoding is performed two separate directions
Another scheme which is sometimes used, especially in brain scanning or where images are needed very rapidly. is called echo-
planar imaging (EP): in this case each f excitation is followed by a whole train of gradient echoes with difirent spatial encoding

Image contrast and contrast enhancement edit]

Image contrast is created by differences in the strength of the NMR signal recovered from difierent locations within the sample. This
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k-space (MRI)

From Wikipedia,the free encyclopedia

‘WIKIPEDIA Forother uses, see reciprocal atice

TS ASERINASEIN | opaco ic 2 formallsm widely used in magnelic resonance imaging
”M“’“"" independently introduced in 1983 by Liunggren'") and Twieg®?!
[ Conene. Simply speaking, kspace s the fomporay image spacein ich dta fom
L Featured content digtized MR signals are stored during data acquisition. When k-space is full
e Curent events (at the end of the scan), the data are mathematically processed to produce a
e Random aricle final image. Thus k-space holds raw data before reconstruction.
earcn kespace is in spatia frequency domain. Thus if e define iz and oy such

that

) ke = 7GremAt

teraction =
 spout wikipedia kpg = ynAGpeT
 Communit portal ‘where FE refers to frequency encoding, PE to phase encoding, Atis the

- Recent changes

= Contact Wikipedia

= Donate to Wikipedia
Hel

sampling time (the reciprocal of sampling frequency). s the duration of
Geg. Y (gamma bar) is the gyromagnetic ratio, m i the sample number in

The conjugate symmetry of k-space

the FE direction and s the sample number in the PE direction (also known
as partition number), the 20-Fourier Transform of this encoded signal results in a representation of the spin density distrbution in two

otbog dimensions. Thus position (x.y) and spatial frequency (<z. kpg) constitute a Fourier transform pair.

» Wnatlinks here -

[ Related changes k-space has the same number of rows and columns as the inalimage. During the scan, k-space is filed with raw data one line per
 Uploaa e TR (Repetiton Time).

- specialpages

Although a strict mathematical proof does not exist and counterexamples can be provided, in most cases it is safe to say that data in
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Magnetic resonance angiography [edit)

Mein article: Magnetic resonance angiography
Magnetic resonance angiography (MRAY) is used to generate pictures of the arteries in order to
evaluate them for stenosis (abnormal narmowing) or aneurysms (vessel wal dilatations, at risk
of rupture). MRA is often used to evaluate the arteries of the neck and brain, the thoracic and
abdominal aorta, the renal arteries, and the legs (called a “run-off). A variety of techniques
an be used to generate the pictures, such as administration of a paramagnetic contrast
agent (gadolinium) or using a technique known s “flow-related enhancement” (e.g. 2D and 3D
time-of-fight sequences), where most of the signal on an image is due to blood which has
recently moved into that plane, see also FLASH MRI. Techniques involving phase
accumulation (known as phase contrast angiography) can also be used to generate flow
velocity maps easily and accurately. Magnetic resanance venography (MRV) is a similar
procedure that is used to image veins. In this method the tissue is now excited inferiorly while
signal is gathered in the plane immediately superior to the excitation plane, and thus imaging
the venous blood which has recently moved from the excited plane

Wagnetic Resanance Angiography &1

Magnetic Resonance Gated Intracranial CSF Dynamics (MR-GILD) [edit]

Magnetic resonance gated intracranial cerebrospinal fluid (CSF)or liquor dynamics (MR-GILD) technique is an MR sequence based on

bipolar gradient pulse used to demonstrate CSF pulsatil flow in venticles, cistems, aguaduct of Sybius and entire intracranial CSF

pathwiay. It s a method for analyzing CSF circulatory system dynamics in patients with CSF obstructive lesions such as normal

pressure hydrocephalus. it also allows visualization of both arterial and venous pulsatile blood flow in vessels without use of contrast
un e

agents

Diastolic time data acquisition (DTDA). Systolic time data acquisition (STDA).
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Functional MRI edit]
Mein article: Functional magnetic resonance imaging
Functional MRI (MRI) measures signal changes in the brain that are due to changing neural
activity. The brain is scanned at low resolution but at a rapid rate (typically once every 2-3
seconds). Increases in neural actiity cause changes i the MR signal via T2 changes:?'l this
mechanism is referred to as the BOLD (blood-oxygen-level dependent) eflect Increased neural
activity causes an increased demand for oxygen. and the vascular system actually
overcompensates for this, increasing the amount of oxygenated hemaglobin relative to
deaxygenated hemoglobin. Because deoxygenated hemoglobin attenuates the MR signal, the
vascular respanse leads to a signal increase that is related to the neural activity. The precise
nature of the relationship between neural activity and the BOLD signal is a subject of current i s Sy T STIE)
research. The BOLD eflect also allows for the generation of high resolution 3D maps ofthe venous  actwation n orange, ncluding the
vasculature within neural tissue. primary visual cortex (V1, BAT?).

While BOLD signal is the most common method employed for neuroscience studies in human

subjects. the flexible nature of MR imaging provides means to sensitize the signal to other aspects of the blood supply. Altemative
techniques employ arterial spin labeling (ASL) or weight the MR signal by cerebral blood flow (CBF) and cerebral blood volume
(CBV). The CBV method requires injection of a class of MRI contrast agents that are now in human clinical trials. Because this
method has been shown to be far more sensitive than the BOLD technique in preciinical studies. it may potentially expand the role of
MRI in clinical applications. The CBF method provides more quantitative information than the BOLD signal, albeit at a significant loss
of detection sensitiviy.

Here is 3 video compiled of MR scans showing two arachnoid cysts: http://wwiw youtube com/watch?v=

-_mDsdxSsq &

Interventional MRI edi]
Main artite: Interventional MR

‘The lack of harmiul eflects on the patient and the operator make MRI well-suited for “interventional radiology”, where the images
produced by a MRI scanner are used to guide minimally-invasive procedures. Of course, such procedures must be done without any
ferromagnetic instruments

& crorislized arminn <iihsat of intersantinnal MRI i that of intrannarative MR in which the MR i< nsed in the sirmical nrass
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Positron emission tomography

From Wikipedia, the free encyclopedia

WIKIPEDIA | Positron emission tomography (PET) s a nuclear medicine imaging
The Free Encyclopedia’ technique which produces a three-dimensional image of picture of functional

avigation processes in the body. The system detects pairs of gamma rays emitted
- ain page indirectly by a positron-emitting radionuciide (tracer), which is introduced into
- Content

the body on 2 biologically active molecule. Images of tracer concentration in
3-dimensional space within the body are then reconstructed by computer
analysis. In modem scanners, this reconstruction is often accomplished with
the aid of a CT X-ray scan performed on the patient during the same session
earch in the same machine

=3

- Random article

Ifthe biclogically active molecule chosen for PET is FDG, an analogue of
glucose, the concentrations of tracer imaged then give tissue metabolic
activty. in terms of regional glucose uptake. Although use of this tracer

teraction fesults in the most common type of PET scan, other tracer molecules a1 | mage ofa typicalpostron emission tomograpny (PET) 53
| Avout wikipedia used in PET to image the tissue concentration of many other types of tacity
I Community portal molecules of interest
 Recent changes
 Contact Wikipedia Contents el
e Donateto Wikipedia || |1 pescription
" Hel 1.1 Operation
olbox 1.2 Localzation o the positron annihilation event
L Wnatiinks here 1.3 Image reconstucton using colncidence satistics
. Related changes 1.4 Combination of PET with CT and WRI
- Uploaa e 15 Radoisotopes
 Specil pages 1.6 Limitations '
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= To conduct the scan, a short.lived radioactive tracer isotope, is injected into the ling subject
e agyar (usually into blood circulation). The tracer is chemically incorporated into a biologically active
 Nederiands molecule. There is a waiting period while the active molecule becomes concentrated in tissues of e
b oo interest; then the research subject or patient s placed in the imaging scanner. The molecule
3 most for this purpose is (FDG), a sugar, for which the waiting | SCTemate view ofa defector 53
5 :‘::;ues period is typically an hour. During the scan a record of tissue concentration s made as the tracer | >°ck 214 "0 °1 PET scanner
= Pyccni decays
e Sioventina As the radioisotope undergoes positron emission decay (also known as positive beta decay),
- suomi it emits a positron, a partcla with the opposite charge of an electron. Afer travelling up to a
- svenska few millmeters the positron encounters and anniilates with an electron, producing a pair of
P oo annihilation (gamma) photons moving in opposite directions. These are detected when they
teach a scintilator in the scanning device, creating a burst of it which s detected by ’
photomultpler tubes or slicon avalanche photodiodes (i APD). The technique depends on
simultaneous or caincident detection of the pair of photons: photons which do not arrive in
pairs (.. within a timing window of few nanoseconds) are ignored @ e
L hRsticATevent g | Schema of a PETacuseon rocess 53
Photomultiplier
sitron decays resultin two 511 keV gamma
Scintillator
es to each other, hence it is possible to localize their source along a straight line of
— f response or LOR). In practice the LOR has a finte width as the emitted photons are not
Rings ime of detectors is about 1 picosecond rather than about 10 nanoseconds, it is possible to
hose length s determined by the detector iming resolution. As the timing resolution
fthe image will improve, requiring fewer events to achieve the same image quality. This
. ilable on some new systems [1] 5.
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More commonly, a technique much ike the reconstruction of computed tomography (CT) and single photon emission computed
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B To conduct the scan, a shortlived radioactive tracer isotope, is injected into the Iiing subject E= '

L Hagyar (usually into blood circulation). The tracer is chemically incorporated into a biologically active

 Nederlands molecule. There is a waiting period while the active molecule becomes concentrated in tissues of o

- interest; then the research subject or patient s placed in the imaging scanner. The molecule —

= Norsk (bokmal) most commonly used for this purpose is fluorodeoxyglucoss (FDG), a sugar, for which the waiting  Schemate view of a detector &3
b period is typically an hour. During the scan a record of tissue concentration is made as the tracer ook o1 "9 °f @ PET scamner

L Frcoun decays

- sioventina As the radiisotope undergoes positron emission decay (also known as positive beta decay).

e suomi it emits 3 positron, a partcle with the opposite charge of an electron. Afer travelling up to a

L Siensia few millmeters the positron encounters and annihlates with an electron, producing a pair of

= annihlation (gamma) photons moving in opposite directions. These are detected when they
reach a scintilator in the scanning device, creating a burst of light which is detected by

photomultipler tubes or silicon avalanche photodiodes (Si APD). The technique depends on
Siratinoos o ciacen dtation f e palr ofpoons prtons wich o o rve
pairs (i.e. within a timing window of few nanoseconds) are ignored @ -

Localization of the positron annihilation event [edi] | Seremaof s PET acauston process &3
The most significant fracton of electron-positron decays result i two 511 keV gamma

photons being emitted at almost 180 degrees to each other. hence it is possible to localize their source along a straight line of
coincidence (also called formally the line of response or LOR). In practice the LOR has a finite width as the emitted photons are not
exactly 180 degrees apart. Ifthe recovery time of dstectors is about 1 picosecond rather than about 10 nanoseconds, it is possible to
localize the event to a segment of a cord, whose length is determined by the detector timing resolution. As the timing resolution
improves, the signal-to-noise ratio (SNR) of the image will improve, requiring fewer events to achieve the same image quality. This
technology i not yet common, but it is avaiable on some new systems (1]

Image reconstruction using coincidence statistics fedit]

More commonly, a technique much like the reconstruction of computed tomography (CT) and single photon emission computed i
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Medical ultrasonography

From Wikipedia,the free encyclopedia

W/ IKIPEPI{X ~Sonography” redirects here. For the tactile alphabet called “sonography”, see Night writing.
The Fre Encylopedia
2 Diagnostic sonography (ultrasonography) is an ultrasound-based diagnostic imaging technique used to visualize subcutaneous
avgation body structures inclucing tendons, musclas, joits, vessels and intemal organs for possible pathology o lesions. Obsteric
- Uansage Sl il s i s o Kl o . T e plcss o i il

therapeutic applications practiced in medicine

In physics the term "ultrasound” applies to all acoustic energy with a frequency above human hearing (20,000 hertz or 20 kilohertz).

Typical diagnostic sonographic scanners operate in the frequency range of 2 to 18 megahertz, hundreds of times greater than the limit

S of human hearing. The choice of frequency is a trade-off between spatial resolution of the image and imaging depth: lowr frequencies
produce less resolution but image deeper into the body.
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Doppler sonography [edit]

Sonography can be enhanced with Doppler measurements, which employ the Doppler effect to
assess whether structures (usually blood) are moving towards or away flom the probe, and its
relative velocity. By calculating the frequency shift of a particular sample volume, for example a jet
of blood flow over a heart vale, its speed and direction can be determined and isualised. This is
particularly useful in cardiovascular studies (sonography of the vasculature system and heart) and
essential in many areas such s determining reverse blood flow in the lver vasculature in portal
hypertension. The Doppler information is displayed graphically using spectral Doppler, or as an
image using color Doppler (directional Doppler) or power Doppler (non directional Doppler). This
Doppler shift falls in the audible range and is often presented audibly using stereo speakers: this
produces a very distinctive. although synthetic. pulsing sound

Spectral Doppler of Common
Carotd Artery

Most modern sonographic machines use pulsed Doppler to measure velocity. Pulsed wave
machines transmit and receive series of pulses. The frequency shit of each pulse is ignored
however the relative phase changes of the pulses are used to obtain the fiequency shif (since
frequency is the rate of change of phase). The maijor advantages of pulsed Doppler over
continuous wave is that distance information is obtained (the time betueen the transmitted and
received pulses can be comerted into a distance with knowlsdge of the speed of sound) and gain
correction is applied. The disadvantage of pulsed Doppler is that the measurements can sufer
from aliasing. The terminology “Doppler ultrasound or “Doppler sonography”, has been accepted | Cobur Dopple of Common
1o apply to both pulsed and continuos Doppler systems despite the diflerent mechanisms by CTnly

‘which the velocity is measured.

It should be noted here that there are no standards for the display of color Doppler. Some
Iaboratories insist on showing arteries as red and veins as blue, as medical llustrators usually
show them, even though, as a resut, a torturous vessel may have portions with flow toward and
away relative to the transducer. This can result in the illogical appearance of blood flow in both
directions in the same vessel. Other laboratories use red to indicate flow toward the transducer
and blue away from the transducer which is the reverse of 150 years of astronomy literature. Stil
other laboratories prefer to display the sonographic Doppler color map more in accord with the
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Thermography

From Wikipedia, the free encyclopedia

WIKIPEDIA

The ret Encyelopedia I @ This article needs additional citations for verification. Please help improve this aricle
by adding relable references. Unsourced material may be challenged and removed. (auy

navigation ae
= Main page
» Contents This article s about the infrared imaging techmique. For the printing fechnique called thermography, see thermographic printing.
= Featured content Infrared Thermography. thermal imaging, thermographic o
= Current events imaging, or thermal video, is a type of infrared imaging science. - 3
SiRandom asce Thermographic cameras detect radiation in the infrared range of the a
search electromagnetic spectrum (roughly 900-14,000 nanometers or 0.9-14 ©

um) and produce images of that radiation. Since ifrared radiation is

emitted by all objects based on their temperatures, according to the o &)

] black body adiaion la,thermography makes it possile to "’

Eaton one's emvironment with o without visile ilumination. The amount of B
= AboutWikipedia radiation emitted by an object increases with temperature, therefore °C 2! es °F
= Community portal thermography allows one to see variations in temperature (hence the | nage of a smal cog taken in mid-nrared Cthermar) gnt fase &7
= Recentchanges name). When viewed by thermographic camera, warm objects stand color)
* Contact Wikipedia out well against cooler backgrounds: humans and ather warm-blooded
= Donateto Wikipedia | | animals become easily visible against the environment, day o night. As a result, thermography’s
= Help extensive use can histarically be ascribed to the military and securty senices.
toolbox

Themmal imaging has many uses. For example, firefighters use it o see through smoke, find
= Wnatlinks here persons, and localize the base of a fire. With thermal imaging, power lines maintenance
= Related changes technicians locate overheating joints and parts. a telltale sign of their failure, to eliminate potential

= Uploadfile hazards. Where thermal insulation becomes faulty, building construction technicians can see
= Special pages . f cocling o baal F=]
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Types [edi]

Thermographic cameras can be broadly diided into two types: those with cooled infrared image Ie
detectors and those vith uncooled detectors

Cooled infrared detectors edit)
Cooled detectors are typically contained in a vacuum-sealed case or flask and cryogenically Themographic mageofa &
cooled. This greatly increases their sensitity since their own temperatures are much lower than | ""9%19 =M

that of the objects ffom which they are meant to detect radiation. Typical cooling temperatures
range from 4 K to 110 K. 80 K to 90 K being the most common. Without cooling, these sensors
(which detect and convert ight in much the same way as common digital cameras, but are made
of diflerent materials) would be ‘binded' or flooded by their own radiation. The drawbacks of cooled
infrared cameras are that they are expensive both to produce and to run. Cooling and evacuating
are power- and time-consuming. The camera may need several minutes to cool down before it
can begin working. Although the components that lower temperature and pressure are generally
bulky and expensive, cooled infrared cameras provide superior image quality compared to ‘Themograghic mage of a snake &1
uncooled ones. One approach is to use high pressure nitrogen cleaned to a very high standard around an arm

(white spot 6-> 7 equialent). The pressurised gas is expanded via a micro-sized orfice and
passed over a miniature heat exchanger resuling in regenerative cooling via the Joule Thomson
effect of the expanding gas cooling & heat exchanger combination. It is not dificult o imagine the
cost of creating, storing and deploying such a system

Materials used fo infrared detection include liquid helium cooled silicon bolometers, and a wide
range of cheaper narrow gap semiconductor devices including

= indium antimonide

Themographic mage of several &7
« indium arsenide

izards
= mercury cadmium telluride

= lead suffide

= lead selenide
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Uncooled infrared detectors o)

Uncooled thermal cameras use a sensor operating at ambient temperature, or a sensor stabilized at a temperature close to ambient
using small temperature control elements. Modem uncooled detectors all use sensors that work by the change of resistance, voltage
or curtent when heated by infrared radiation. These changes are then measured and compared to the values at the operating
temperature of the sensor. Uncooled infrared sensors can be stabilized to an operating temperature to reduce image noise, but they
are not cooled to low temperatures and do not require bulky, expensive cryogenic coolers. This makes infrared cameras smaller and
less costly. However, their resolution and image quaity tend to be lower than cooled detectors. This is due to difierence in their
fabricational processes, limited by currently available technology.

Uncooled detectors are mostly based on pyroslectric and ferroelectric materials [1] @ or microbolometer technology.

Some of the materials used for the sensor amays are eg.: 2] @

= vanadium(V) oxide (metal insulator phase change material, for microbolometer arrays)

= lanthanum barium manganite (LBMO. metal insulator phase change material)

= amorphous silicon

= lead zirconate titanate (PZT)

= lanthanum doped lead zirconate titanate (PLZT)

= lead scandium tantalate (PST)

= lead lanthanum ttanate (PLT)

= lead titanate (PT)

ead zinc niobate (PZN)

= lead strontium titanate (PSTT)

= barium strontium titanate (BST)

= barium titanate (BT)

= antimony sulfoiodide (SbS)

= polyvinylidene difloride (PVDF)

Thermographer training [edit]

mall arays have been demonstrated. Ther wide range Use 1s GICU because therr high sensity requies careful shieiding from (]
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[Gray Scale and Monochrome

[The most common way to show different intensities is encoding color palettes. color bar has different intensities, but shows

the same or at least similar colors. Normally gray scales are taken (often called black and white, B/W), but also very popular is the "heat” palette from
flack, dark orange, bright yellow to white. Literally these methods are false color images, nevertheless this term is conventionally used for the kind of
Jimages in the next section

ARNN

M42, Orion Nebula M 31, Andromeda Galaxy  More monochrome images

[False Colors

(Sometimes mistakingly called Pseudo Colors)

JAs the name suggests. false colors have nothing to do with the real intrnsic colors of the shown object. Many different and arbitrary selected colors can be
[chosen in one color bar as shown in the examples below. If chosen right, this enhances the visible range of intensities in the image. Small differences in
intensity are casily visible i they are presented with different colors.

A non continuous color bar is visualzing isophotes, ie. ines of equal intensi

~fl-F

I Comet Hyakutake ~ Ring Nebula M 57 More false color images
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Pseudo (false) colors
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