
PD233: Design of 
Biomedical Devices and 

Systems
Lecture-9 Medical Diagnostic Imaging

Ultrasound

Dr. Manish Arora

CPDM, IISc

Course Website: 
http://cpdm.iisc.ac.in/utsaah/courses/

http://cpdm.iisc.ac.in/utsaah/courses/


Ultrasound Physics

• Acoustic wave with frequency > 20kHz

• Part of ultrasound waves are reflected by interfaces 
and scatters
• Basis for Ultrasonic Imaging
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A-Mode Ultrasound

Image credit: http://www.rcemlearning.co.uk

Distance of interface 
= Time of flight * 
Speed of Sound / 2

Applications:
Measurement of 
thicknesses of 
cornea



B-mode ultrasound

(Brightness mode)

Mechanical Scanning 

Electronic Scanning
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Imaging Ultrasound System 
Signal-chain
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M –Mode Ultrasound
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CW Doppler

Image source: http://www.wikiecho.org



CW Doppler

CW excitation and receive (half of transducer for each)
B-mode not available when doing CW Doppler
No depth information



PW Doppler

Doppler analysis in small window (range gated)
B-Mode available in Duplex mode 



Color Doppler





Wireless probes

Siemens Clarius

Wuhan Tianyi Electronic Co., Ltd.



Back to single element probe…

http://wiki.echopen.org/images/8/8c/Neasham2.jpg



Biological effects

Thermal Effects

-Tissue heating due to adsorption of Ultrasound 

-Thermal index (T.I.)

Mechanical effects

- Due to cavitation – formation, oscillation and collapse of bubble 
due to high intensity pressure wave

-Mechanical index (M.I.)



What is Thermography? 

• Imaging of temperature (differences) over the 
surface of skin

• Provides indication of metabolic processes

• Unlike radiography dose not provide anatomical 
information, just information about metabolic 
changes and circulation changes

• Human body absorbs all the infrared radiation and 
emits back depending on its own temperature



Physics of Thermography

Image source: Khandpur, pp671

𝑊 = 𝜎𝜖𝑇4

All object with Temperature > 0K emit 
radiation   Black-Body radiation

W= radiant flux density W/cm2

𝜖 = Emissivity factor 
 = Stefan –Boltzman constant

= 5.67 x 10-12 W/cm2-K4

T   =absolute temperature 

𝜆𝑚𝑎𝑥 =
2897 (𝜇𝑚)

𝑇 (𝐾)



Physics of Thermal Imaging

• Emissivity
The ratio of energy radiated per unit area by an object to energy emitted per 

unit area by a black body  at the same temperature

𝜖 = 
𝑊𝑜

𝑊𝑏

Spectral radiant emissivity 

𝜖λ = 
𝑊𝑜𝜆

𝑊𝑏𝜆

• Reflection

Ratio of reflected power to incident power

 λ + λ= 1

Since λ= 𝜖λ , 𝜖λ =  1-  λ

• Transmittance and Absorption of infrared to be considered 
when semi transparent body is present between radiating 
object and detector



Thermal imaging systems

• Thermal Detector 
• depend on temperature change in detectors (e.g

thermocouple and bolometer 
• Broad spectral response
• Slow response

• Photodetector – like solar cells for Infrared 

InSb (indium antimonide)  sensitive in 2-6μm 
which has only 2.4% of energy emitted by human 
body

Clinically we are looking or temperature resolution 
of 0.5°C 



Pyroelectric Vidicon Camera

Pyroelectric Vidicon Camera is modified cathode ray tube 
similar to old days video cameras to used record Infrared

Pyroelectric effect change in polarization 
of material due to temperature change 

Sensitive to changing 
temperature not 
absolute temperature

Hence the incoming 
radiation should be 
chopped or camera 
panned



Liquid Crystal Thermography

Liquid Crystals show changes in color
due to change in temperature. This 
technology has wide ranging 
applications but also has been 
applied to medical diagnostics. 

LC are applied to skin surface in conforming manner and imaged using regular 
camera or eye to reveal temperature changes.  Compared to thermal imaging camera 
is more sensitive. 



Digital IR cameras
• Ebola screening  at 

airports - uses IR cameras

• Though CMOS sensors are 
not optimum for 10um 
infrared they are highly 
sensitive to pick up 
temperature rise in range 
0.5C

• Used together with 
calibrated blackbody 
source



Quiz:
Calculate sensitivity and specificity of thermography for breast cancer screening
What is TP,FP, TN,FN.


