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Microwave Imaging

* Microwave imaging gets a lot of information
about what the object is made of and what is
inside it

* Microwave imaging is safer than the traditional
X-rays

* Microwave imaging is low cost

UNIVERSITY

'r_f - OF OSLO



Applications

* Medical diagnosis (e.g. breast cancer detection)
The EM waves are sensitive to
— type of tissue
— several physical and physiological factors like
e temperature, solute concentration, blood flew rate
* Nondestructive detecting of the internal damage
in concrete structures

* Security screening at transportation terminals
(railways, airports, bus stations and subways)
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EM Camera for Detecting the Damage at Concrete
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. . N4 Detection
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[K. Belkebir et al., 24th European Microwave Conference, 1994] L._._—l
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e UWB Cameraiis:

— UWB transmitting/receiving
antenna arrays

— Based on the time delay & sum
beam forming
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Radio transcejver

UWB Beamforming

. Delay & sum beamforming
s(t) is the impulse signal
0, is the steering angle
h,, weighting coefficient
d is antenna spacing

[S. Ries, T. Kaiser , Signal Processing, Volume 86, Issue 9,September 2006]
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e 7 elements linear array

+ h,=1n=0..6

¢ Steering angle=0°

e d=A/2 (A=cT and Tis the duration time of impulse signal)

Amplitude
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UWB Beampattern

* Pulses do not exist simultaneously=>» no interference
and spatial aliasing=» Lack of grating lobes
— Antenna spacing larger than A/2
» better resolution & beam focusing

array axis
array axis

mnge range o

Narrow band UWB

[J. L. Schwartz and B. D. Steinberg, Antennas and Propagation Society International Symposium, 1996]
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*The larger antenna spacing, the better beam focusing
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Receiving UWB

Camera based on
delay & sum
beamforming with 2x2
antennas and 7x7
simultaneous active
pixels

[T. Chu and H. Hashemi, ISSCC 2008]

Xdirection Y-direction
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Delay|nqy — Outsy = 5t + 21=
Delay Inj3— Outsy = 5t + 61
Delay Inb{ — Outzs = 3t + 21

Measurement perfoimance summaiy.

UWR front-end (LNA + VGA)

-Bdﬂ bandwidth 17 GHz
13d8
s”\(?GHz-\scHz) <10dB
nlief«gure('\ GHZ-15 GHz! <4.5dB
1 dE compession pmm (mput pone) 19dBm @ 1 Gz, 22 im @ 15 GHz
Pﬂwﬂr dissipation BomA@1sv
Complete 4-channel 2D multibeam ariay
-3de Dandwldﬂl 15GHz
Total airay gai 24 de
Nojse figure ('\ GHz- «5.8 dB (sin Iechannel WOisT case
1 dE compiession polm (mput power) -24 dBm @ . -26 dBm @ 15
LB e time delay resolution 17.5ps
LUWE cameral spatial resolution 10° (antenna separtion = 3 cm)
Total number of available beams Ix7=49 (S\multanﬁnuslyl
Power dissipation @ 1.5 V 350 mW
Total number of on-chip spiral inductors 220
Technology 0.13 pm CMOS
Die area 4.1 mm x 4.1 mm
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Future works

Near field UWB beamforming

Irregular or sparse arrays

* Transmitting arrays
e UWB antenna
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Antenna Spacing. d=Lambda/d
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