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Lecture Outline

* Overview of different imaging systems
* Review of basic signals and systems
* Image quality assessment
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What is Medical Imaging?

Using an instrument to see the inside of a human body
— Non-invasive

— Some with exposure to small amount of radiation (X-ray, CT and
nuclear medicine)

— Some w/o (MRI and ultrasound)

The properties imaged vary depend on the imaging
modality
— X-ray (projection or CT): attenuation coefficient to X-ray

— Nuclear medicine (PET, SPECT): distribution of introduced radio
source

— Ultrasound: sound reflectivity
— MRI: hydrogen proton density, spin relaxation
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Projection vs. Tomography

e Projection:

— A single image is created for a 3D body,
which is a “shadow” of the body in a
particular direction (integration through
the body)
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Projection vs. Tomography

 Tomography
— A series of images are generated, one from each slice of a 3D object in
a particular direction (axial, coronal, sagital)

— To form image of each slice, projections along different directions are
first obtained, images are then reconstructed from projections (back-
projection, Radon transform)
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Anatomical vs. Functional Imaging

« Some modalities are very good at depicting anatomical structure (bone, different
tissue types, boundary between different organs)
—  X-ray, X-ray CT
— MR
» Some modalities do not depict anatomical structures well, but reflect the functional
status (blood flow, oxygenation, etc.)
— Ultrasound
— PET, functional MRI
* Boundaries between the two classes are blurring as the imaging resolution continues

to improve .
Functional

(®) (c)
MRI PET
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Common Imaging Modalities

Projection radiography (X-ray)

Computed Tomography (CT scan or CAT Scan)
Nuclear Medicine (SPECT, PET)

Ultrasound imaging

MRI

Optical imaging
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Projection Radiography

(a) (b)

Figure 1.1

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Year discovered:
Form of radiation:

Energy / wavelength of radiation:

Imaging principle:

Imaging volume:
Resolution:
Applications:

1895 (Rontgen, NP 1905)

X-rays = electromagnetic
radiation (photons)

0.1-100 keV /10 -0.01 nm
(ilonizing)
X-rays penetrate tissue and

create "shadowgram" of
differences in density.

Whole body
Very high (sub-mm)
Mammography, lung diseases,

orthopedics, dentistry,
cardiovascular, Gl

From Graber, Lecture Note for Biomedical Imaging, SUNY

EL5823, Intro Yao Wang, NYU-Poly
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Computed Tomography
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(a) (b)

Figure 1.2

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Year discovered:
Form of radiation:

Energy / wavelength of radiation:

Imaging principle:

Imaging volume:
Resolution:
Applications:

1972 (Hounsfield, NP 1979)
X-rays

10 -100 keV /0.1 -0.01 nm
(ilonizing)

X-ray images are taken under
many angles from which
tomographic ("sliced") views
are computed

Whole body

High (mm)

Soft tissue imaging (brain,
cardiovascular, Gl)

From Graber, Lecture Note for Biomedical Imaging, SUNY
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Nuclear Medicine

* Images can only be made when appropriate radioactive
substances (called radiotracer) are introduced into the
body that emit gamma rays.

* A nuclear medicine image reflects the local
concentration of a radiotracer within the body

* Three types
— Conventional radionuclide imaging or scintigraphy
— Single photon emission computed tomography (SPECT)
— Positron emission tomography (PET)

EL5823, Intro Yao Wang, NYU-Poly
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SPECT

EL5823, Intro

Figure 1.3

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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 What do you see?

EL5823, Intro

Yao Wang, NYU-Poly
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Year discovered:
Form of radiation:

Energy / wavelength of radiation:

Imaging principle:

Imaging volume:
Resolution:
Applications:

1953 (PET), 1963 (SPECT)
Gamma rays

> 100 keV /< 0.01 nm
(lonizing)

Accumulation or "washout" of
radioactive isotopes in the

body are imaged with x-ray
cameras.

Whole body

Medium — Low (mm - cm)
Functional imaging (cancer
detection, metabolic
processes, myocardial
Infarction)

From Graber, Lecture Note for Biomedical Imaging, SUNY

EL5823, Intro Yao Wang, NYU-Poly
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Ultrasound Imaging

« High frequency sound are emitted into the imaged body,

time and strength of returned sound pulses are
measured

« Comparatively inexpensive and completely non-invasive
* Image quality is relatively poor (but is improving!)

L

EL5823, Intro
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 What do you see?
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Year discovered: 1952 (clinical: 1962)

Form of radiation: Sound waves (non-ionizing)
NOT EM radiation!

Frequency / wavelength of radiation: 1—-10MHz/ 1-0.1 mm

Imaging principle: Echoes from discontinuities in
tissue density/speed of sound
are registered.

Imaging volume: <20 cm

Resolution: High (mm)
Applications: Soft tissue, blood flow
(Doppler)

From Graber, Lecture Note for Biomedical Imaging, SUNY

EL5823, Intro Yao Wang, NYU-Poly
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Magnetic Resonance Imaging

(a)

Figure 1.5

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Tian Jin Childr

What do you see?

EL5823, Intro

Yao Wang, NYU-Poly
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Year discovered:

Form of radiation:

Energy / wavelength of radiation:

Imaging principle:

Imaging volume:
Resolution:
Applications:

1945 ([INMR] Bloch, NP 1952)
1973 (Lauterbur, NP 2003)
1977 (Mansfield, NP 2003)
1971 (Damadian, SUNY DMS)

Radio frequency (RF)
(non-ionizing)

10-100 MHz/30-3 m
(~10-7 eV)

Proton spin flips are induced,

and the RF emitted by their
response (echo) is detected.

Whole body
High (mm)
Soft tissue, functional imaging

From Graber, Lecture Note for Biomedical Imaging, SUNY

EL5823, Intro Yao Wang, NYU-Poly
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Waves Used by Different Modalities

Magnetic Resonance Optical X-Ray
Ultra Sound Tomography Mammography
Wavelength 10° 102 10! 1 10" 102 10° 104 10° 10 107 10%® 10° 1019 1011 1012
(in meters) T | 1 ] | T | 1 ] | T T | T ] I
. S —_—
Size of longer : ‘ Bacteria @ shorter
wavelength mﬂ
House Baseball NI R Water Molecule
Common : e | = :
name of wave RADIO WAVES INFRARED = ULTRAVIOLET "HARD" X RAYS
-l 5 N =
MICROWAVES (= "SOFT" X RAYS  GAMMA RAYS
Sources I % Q * Radioactive
Microwave Elements
FM Radio Oven Light Bulb X-Ray
Froauenc Machines
(waeﬂes pe‘,' ] l 1 ] ] ] ] l | ] I ] I I 1
second) 108 107 10% 10° 10" 10™" 10'2 10" 10™ 10" 10 10'7 108 10" 10%
lower higher
Energyof __ | | ] ] ] | | | | | l | | | ] |
one photon ;.5 148 107 106 105 104 10° 102 107 1 10" 102 10° 10° 105 10°

(electron volts)

EL5823, Intro

Yao Wang, NYU-Poly
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Course breakdown

Biomedical Imaging is a multi-disciplinary field involving

Physics (matter, energy, radiation, etc.)

Math (linear algebra, calculus, statistics)
Biology/Physiology

Engineering (implementation)

Signal processing and Image processing (modeling imaging
system as linear systems, image reconstruction and
enhancement and analysis)

Course breakdown:

— 1/3 physics

— 1/3 instrumentation

— 1/3 signal processing

Understand the imaging system from a “signals and
systems” point of view

EL5823, Intro Yao Wang, NYU-Poly
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Signals and Systems View Point

The object being imaged is an input signal

— Typically a 3D signal

The imaging system is a transformation of the input
signal to an output signal

The data measured is an output signal

— A 2D signal (an image, e.g. an X-ray) or a series of 2D signals
(e.g. measured projections from a CT scan), or 4D data (a
series of 3D volume in time)

Image reconstruction

— An inverse process: from the measured output signal -> desired
Images of the object (a series of 2D slices)

input signal — system or process — output signal

EL5823, Intro Yao Wang, NYU-Poly
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Example: Projection X-Ray

* Input signal: u(Xx; y) is the linear attenuation coefficient
for x-rays of a body component along a line

* Imaging Process: integration over x variable:

g(y) — /ﬂ(ly)di X-ray tube
@ ﬁgﬂsing

« Output signal: g(y) Collimator [/ %

X-rays,

Table
l

lonization +—=

chamber — - Grid
| 1 I—+ Cassette

Bucky assembly

Figure 5.2

EL5823, Intro Yao Wang, NYU-Poly



Example Signals

e /(x,y, z), linear attenuation coefficient in x-

rays

e h(x,y,z), CT numbers in computed tomog-

raphy
o A(z,y,z), radioactivity in nuclear medicine

1

Chest X-ray: Anthrax bnngmdre oL Tomography

computed Tornogranhy Positron Emission

EL5823, Intro Yao Wang, NYU-Poly
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Transformation of Signals

e Components of a transformation:
— Input: f
— System: H|]
— Qutput: g
e The impulse response or point spread function

due to an impulse at (&,n) is

h(z,y;&.n) =Hlo(x —E& y—n)

EL5823, Intro Yao Wang, NYU-Poly
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Linear Systems

e A linecar svstem satisfies:
Hwy fi +wafo] = wiH|f1] +waH| fo]

for all signals f; and f5 and weights wy and
({3 . l . 2 O l
w»oH.

!

e A linear system satisfies the superposition

integral

gle.y) = [ [ hlz.y:&n) (& n)dédn

e We model most medical imaging systems as

lmear.

EL5823, Intro Yao Wang, NYU-Poly
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Shift-Invariant Systems

o A system is shift-invariant is

glx — 20,y — yo) — ’H[f(i? — Lo, Y — ’yoﬂ

for every (xo,yo) and f(-.-).
e A linear shift-invariant (LSI) svstem yields

h(z,y:&.n) — h(z — &y —n)

‘Watch out for abuse of notation|

EL5823, Intro Yao Wang, NYU-Poly
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Linear and Shift-Invariant System

e An LSIsystem satisfies the convolution integral

= [ [ h(z—&. y—n) f(E. n)ddy

which 1s abbreviated as

g(x.y) = hlz,y) = f(z.y)

e \We model most medical imaging systems as

LI

h(x,y) is called the Impulse Response or Point Spread Function
(PSF) of a LSI system, which indicates the output signal
corresponding to a single impulse or point at origin.

EL5823, Intro Yao Wang, NYU-Poly
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Fourier Transform: 1D signals

Flu) = / T f(x)e Py

—0o0 ¢

flx) = /_o; Fu)et ™ dy

X has units of length (mm, cm, m) or time (for 1D signal in time)
u has units of inverse length (cycles/unit-length), which is referred to

as spatial frequency, or inverse time (cycles/sec), which is referred to
as temporal frequency

|F(u)| indicts the amount of signal component in f(x) with frequency u

EL5823, Intro Yao Wang, NYU-Poly 33



Fourier Transform: 2D signals

F(u,v) = F{f}
- /_D:cf_m fla, y)e 2T dady

0. @]

fley) = FH{EF}
- / D:o/m Fw, v)e ™2 ) dydy

—0a/—00

2D signal’s frequency can be measured in different directions
(horizontal, vertical, 45", etc.), but only two orthogonal directions are
necessary

u and v indicate cycles/horizontal-unit and cycles/vertical-unit
|[F(u,v)| indicates the amount of signal component with frequency u,v.

EL5823, Intro Yao Wang, NYU-Poly
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Spatial Frequency

ial

EL5823, Intro

\

ib)

Yao Wang, NYU-Poly

Figure 2.1 Two-dimensional sinusoidal
signals: (a) ( fy. f;l = (5. 0):

(b) ( fy, fy) = (5, 10). The horizontal and
vertical units are the width and height of
the image, respectively. Therefore, f; =5
means that there are five cycles along each
row,

35



Spatial Frequency

« Spatial frequency measures how fast the image
intensity changes in the image plane

« Spatial frequency can be completely characterized by
the variation frequencies in two orthogonal directions
(e.g horizontal and vertical)

— f,. cycles/horizontal unit distance
— [, - cycles/vertical unit distance

« |t can also be specified by magnitude and angle of
change

o= L2+ 120 =arctan(f, / 1. )

EL5823, Intro Yao Wang, NYU-Poly 36



FT of Typical Images

g
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=14}
=

EL5823, Intro

Decreasing high-frequency content

Yao Wang, NYU-Poly
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Convolution Property and
Frequency Response

« Convolution in space domain = Product in frequency domain

]:{fl * fz} = I by
* For LSl system

Impulse response
g

g(x,y) = h(x,y) * f(x,y)
G(u,v) = H(u,v) F(u,v)

Frequency response

H(u,v) indicates how a complex exponential signal with frequency u,v
will be modified by the system in its magnitude and phase

o i2m(uvy) 1y (u,v)e—j27z(ux+vy) _ ‘H (u’v)‘e—j(Zz(ux+vy)+4H (u,v))

EL5823, Intro Yao Wang, NYU-Poly
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Extra Readings

« See Chap 2 of textbook for more extensive reviews of
signhals and systems

* For more exposition, see
— Oppenheim and Wilsky, Signals and Systems

 We will review a particular subject more when needed

EL5823, Intro Yao Wang, NYU-Poly
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Image Quality

Introduction
Contrast
Resolution
Noise
Artifacts
Distortions

EL5823, Intro

Yao Wang, NYU-Poly
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Measures of Quality

* Physics-oriented issues:
— contrast, resolution
— noise, artifacts, distortion
— Quantitative accuracy

e Task-oriented issues:
— sensitivity, specificity
— diagnostic accuracy

EL5823, Intro Yao Wang, NYU-Poly

41



What i1s Contrast?

Difference between image characteristics (e.g. gray scale intensity)
of an object of interest and surrounding objects or background

Which image below has higher contrast?

(b) (c)

Figure 1.4

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

EL5823, Intro Yao Wang, NYU-Poly
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Contrast

e General definition
f - maximum and minimum values of the signal in an

_ Tmax’ min*
Image

Contrast = modulation =

a.mplirn(_lv B fnmx T fmiu

average fmu}; + fmin

m f =

e For a sinusoidal signal

flz,y) = A+ Bsin(2rugr) My =

= |

EL5823, Intro Yao Wang, NYU-Poly



EL5823, Intro

me 0.2
mf=05 mf= 1

Figure 3.1

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.

ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Modulation Transfer Function

The actual signal being imaged can be decomposed into many

sinusoidal signals with different frequencies
f(x y)=A+> Bsin(2au,x+2av,y); m;, = B—A‘i
k
Suppose the imaging system can be considered as a LS| system with

frequency response H(u,v)
Imaged signal is

B ‘H (uk’vk)‘Bk
“ " H(0,0)A
The MTF refers to the ratio of the contrast (or modulation) of the

Imaged signal to the contrast of the original signal at different
frequencies

g(x,y) =H(0,0)A+> H(u,,v,)B, sin(2zu, X + 27, y);
k

mg,u,v _ ‘H (U,V)‘
mf,u,v H (O’O)

MTF (u,v) =

EL5823, Intro Yao Wang, NYU-Poly 45



More on MTF

MTF characterizes how the contrast (or modulation) of a signal
component at a particular frequency changes after imaging

MTF = magnitude of the frequency response of the imaging
system (normalized by H(0,0))
Typically  0< MTF(u,v) < MTF(0,0) =1

MTF(u)

Decreasing MTF at higher
frequencies causes the
blurring of high frequency
features in an image

e — — >
0 02 04 06 08 10 12 14 mm'
spatial frequency u

EL5823, Intro Yao Wang, NYU-Poly
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Impact of the MTF on the Image Contrast

MIF
o

decreasing contrast

EL5823, Intro Yao Wang, NYU-Poly
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Local Contrast

A target is an object of
interest in an image

Eg. a tumor (target) in a liver

. (background)
£
f { —— R
’ I | > ’ f t f b
§ Target /I/ C = f
Background b
Figure 3.5

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

EL5823, Intro Yao Wang, NYU-Poly
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What is Resolution?

* The ability of a system to depict spatial detalls.
* Which image below has higher resolution?

(c)

Figure 1.4

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.

ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

EL5823, Intro Yao Wang, NYU-Poly
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Resolution

 Resolution refers to the

ability of a system to depict FWHM
spatial details. 1.0 Max
 Resolution of a system can 0.5 Half Max
be characterized by its line J
0.0 .

spread function
— How wide a very thin line

becomes after imaging FWHM
— Full width at half maximum N
(FWHM) determines the \
distance between two lines ]
which can be separated after P
imaging —

— The smaller is FWHM, the
higher is the resolution

EL5823, Intro Yao Wang, NYU-Poly 50



hix=x) Flx=x;)

L ) e ) Distance > FWHM
Distance > FWHM
| \ Distance = FWHM
AN VAN EANG (barely separate)
ic)
x Distance < FWHM
P\ (cannot separate)
- L.
(di
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Resolution and MTF

A pure vertical sinusoidal pattern can be thought of as the blurred
Image of uniformly spaced vertical lines

The distance between lines is equal to distance between maxima
If the frequency = u,, the distance = 1/ u,

f(X,y)= A+ Bsin(2zu,X)
g(x,y)=H(0,0)A+ H (u,,0)sin(27u,x)
=H(0,0)A+ MTF (u,,0)H (0,0) sin(27u,x)

If MTF(u,)=0, the sinusoidal patterns become all constant and one
cannot see different lines

If MTF(u) first becomes 0 at frequency u. the minimum distance
between distinguishable lines =1/ u,

Resolution is directly proportional to the stopband edge in MTF

EL5823, Intro Yao Wang, NYU-Poly
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Example

* Which system below has better contrast and resolution?

EL5823, Intro Yao Wang, NYU-Poly



Bar Phantom

The resolution of an
Imaging system can be
evaluated by imaging a
bar phantom.

The resolution Is the

frequency (in Ip/mm) of

the finest line group that

can be resolved after

Imaging.

— Gamma camera: 2-3
lp/cm

— CT: 2 Ip/mm

— chest x-ray: 6-8 Ip/mm

Ip/mm

0.5

1.5

2.0

2.5

EL5823, Intro Yao Wang, NYU-Poly
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What Is noise?

 Random fluctuations in image intensity that are not due to actual
signal

* The source of noise in an imaging system depends on the physics
and instrumentation of the imaging modality

 Which imaae below is most noisy?

(b) (c)

Figure 1.4

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
EL5823, Intro ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.
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Noise

EL5823, Intro

Increasing noise

Figure 3.10

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

Yao Wang, NYU-Poly
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White vs. Correlated Noise

Model of a typical imaging system
g(r,y) = fle,y) *hlz.y) + N(x,y)

N(x,vy) 1s noise
N(x.y) 1s a random variable at cach (z.y)

N(x,vy) could be continuous or discrete

White Noise: Noise values at different positions are independent of
each other, and position independent

— Mean and variance at different (x,y) are same
Correlated noise: noise at adjacent positions are correlated

— Described by the correlation function R(x,y), whose Fourier transform is
the noise power spectrum density NPSD(u,v) or simply NPS(u,v)

— White noise has a PSD = constant = variance

EL5823, Intro Yao Wang, NYU-Poly
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Random Variables

« The most complete description of a random variable is
Its probability density function (pdf) for continuous-valued

RV, or probability mass function (pmf) for discrete-valued
RV.

* The two most important statistics of a random variable is
mean (u) and standard deviation (c). The power of a
random signal = variance = o> Both n and o can be
derived from the pdf or pmf of a RV.

* Noise typically has zero mean (n=0).

EL5823, Intro Yao Wang, NYU-Poly
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Amplitude Signal to Noise Ratio

« Amplitude SNR SNTL amplitude( f)

amplitude( V)

— Meaning of “signal amplitude” and “noise amplitude” are case-
dependent.

— For projection radiography, the number of photons G counted per unit
area follows a Poisson distribution. The signal amplitude is the average
photon number per unit area (u) and the noise amplitude is the standard

deviation of G
SNRa :/uG — ,Ll :\/;
U

oo i

— A higher exposure can lead to higher SNR,

EL5823, Intro Yao Wang, NYU-Poly 59



Power SNR

Power SNR

Signal power:

power( f)
power (V)

SNR, =

power (f) :mh(x, y)* f (X, y)\zdxdy:mH(u,v)F(u,v)\zdudv

Approximation :
Approximation :

Noise power:

For white noise:

EL5823, Intro

power(f) = A?, Aistheaverage valueof the signal
power(f)=c7, variance of the signal

power(N) = _U NPS (u,v)dudv

power(N) = o7,

Yao Wang, NYU-Poly
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SNR In dB

 SNR is more often specified in decibels (dB)

« SNRIndB
— SNR (dB) = 20 log ,, SNR,
— =10log ;5 SNR,

 Example:
— SNR,=2, SNR (dB)=3 dB
— SNR, =10, SNR (dB)=10 dB

~ SNR, =100, SNR (dB)=20 dB

EL5823, Intro Yao Wang, NYU-Poly
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Artifacts, distortion & accuracy

e Artifacts:

— Some imaging systems can create image features that do not
represent a valid object in the imaged patient, or false
shapes/textures.

e Distortion

— Some imaging system may distort the actual shape/position and
other geometrics of imaged object.

e Accuracy
— Conformity to truth and clinical utility

EL5823, Intro Yao Wang, NYU-Poly
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Non-Random Artifacts

« Artifacts: image features that do not correspond to a real
object, and are not due to noise
— Motion artifacts: blurring or streaks due to patient motion

— star artifact: in CT, due to presence of metallic material in a
patient

— beam hardening artifact: broad dark bands or streaks, due to
significant beam attenuation caused by certain materials

— ring artifact: because detectors are out of calibration

EL5823, Intro Yao Wang, NYU-Poly 63



Motion
artifact

Beam
hardening

EL5823, Intro

Figure 3.12

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.

ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

Star
artifact

Ring
artifact

64



Geometric Distortion

X-ray source X-ray source

Figure 3.13

Medical Imaging Signals and Systems, by Jerry L. Prince and Jonathan Links.
ISBN 0-13-065353-5. © 2006 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

* In (a): two objects with different sizes appear to have the same size
* In (b): two objects with same shape appear to have different shapes

EL5823, Intro Yao Wang, NYU-Poly
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Accuracy

* Accuracy:
— conformity to truth
¢ uantitative accuracy
— clinical utility
 diagnostic accuracy
e Quantitative accuracy:
— numerical accuracy: accuracy in terms of signal value
* Dbias (systematic, e.g. due to miscalibration), imprecision (random)
— geometric accuracy: accuracy in terms of object size/shape

EL5823, Intro Yao Wang, NYU-Poly
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Diagnostic Accuracy

e Contingency Table

Disease
-|— —_
= | + a b
o
’ — C d

diagnostic accuracy =

EL5823, Intro

a = # w/ disease & test sayvs disease
b = # w/o disease & test says disease
¢ = # w/ disease & test says normal

d

# w/o disease & test says normal

. a
sensitvity =
a-—+ ¢
. d
specificity =
b+ d
a-+d

a+b+c+d

Yao Wang, NYU-Poly
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« If the diagnosis is based on a single value of a test result and the decision is

based on a chosen threshold, the sensitivity and specificity can be
visualized as follows

EL5823, Intro

Probability

Normal

- ==- Discase

—
@]
o =
Wl
Q
True E it
negative 2 \\
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Reference

* Prince and Links, Medical Imaging Signals and Systems,
Chap 1-3.
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Homework

* Reading:

— Prince and Links, Medical Imaging Signals and Systems, Chap
1-3.

* Note down all the corrections on your copy of the
textbook based on the provided errata on the course
webpage.

* Problems for Chap 3 of the text book (due at the
beginning of next lecture):

~ P3.2
— P35
~ P3.7
- P3.9
~ P3.11
— P3.16
— P3.22 (note correction in the Errata)
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