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Basic Doppler Radar ldea

Target
))) frequency, w %
Radar _ >
; ; Velocity, v

Transmit
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/A/ Velocity, v

Reflection

The target is moving.

The reflected RF pulse is shifted in frequency.
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Doppler Shift

distance, d |
[

( NSy

The target is a distance d from the antenna, moving at a velocity v.

The phase of the received signal is the total distance divided by the

wavelength .

2d
— o~
¢ ™

The negative sign is due to the fact that the received signal is delayed in
time.

EE102A:Signal Processing and Linear Systems |; Win 14-15, Pauly 3



The frequency of the signal is

d d 2d 20
— = ——21= ) = —27x2
Wa = gy ® dt( ”A) i)

The wavelength A = ¢/(w/27) = 2mc/w,, where ¢ is the speed of light, so

20 20
p— ——wc
2me/we c

Wqg — — 2T
or, dividing both sides by 27, and using f = w/2m,

fd — _2_vfc
C

For an airplane traveling 300 m/s (just below the speed of sound, 330 m/s),
and a radar frequency of f. = 1GHz, this gives

(2)(3 x 10* m/s) 0 5
- — 1 x 107 Hz) = —2 x 10° Hz = —2 kHz.
Ja 3 x 10% m/s (1> 107 Hz) X 107 ‘
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Ultrasound

Ultrasound works like a radar system:

co )
Q } > Vessel
// d+vt

Ultrasound
Pulse Body

—

Transducer

e The transducer produces a sound pulse
e The sound is reflected from the tissue at some depth
e The reflected sound is detected by the transducer

e The round trip time tells you how deep the tissue reflector is
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Ultrasound Scanners

Cart based system Portable System
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Ultrasound Imaging

Transducer

Scan Line
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The speed of sound in tissue is ¢ = 1500 m/s, and typical carrier frequencies
are 1 to 10 MHz.

To detect a voxel at a depth of 15 cm requires a round-trip time of

tqg=2d/c =2 x0.15 m/1500 m/s = 2 x 10™* s = 200 us

Every ~ 200 us a new pulse is transmitted, and a line in the image acquired.

The beam is scanned (originally mechanically, now electrically), and the
image painted every 100 ms or so.

Moving blood shows a Doppler shift. A typical velocity is 1 m/s, and f. =3
MHz

2v (2)(1 m/s) 6
_ e 3 % 10° Hz = —4 kHz.
Ja=—"21 1500 m/s ? ?

Frequency shifts are right in the audio range.
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How long do we need to measure 4 kHz? To make it easy, we need one
cycle (think of the fundamental frequency for the Fourier series), so

T =1/(4 kHz) = 0.25 ms = 250 us

|deally we'd like some multiple of this, so we could resolve many velocities.

Problem: This is longer than the round-trip time!
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Continuous-Wave (CW) Doppler

Simple solution: give up on spatial resolution, and transmit all the time.

>
Transmitter %

O Moving Blood |
Receiver Vessel
Body

Transmit and receive transducers are separate, and overlap over the region
of interest.

Typical of fetal heart monitors.
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You can have one of your own!

Listen lo your Jamool
™ i
v m b(lb} s heartbeat at home! s _=TOP SERUICE—
AR AR LR DX
Home Pricing FAQs Satisfaction Guaranteed Shopping Cart About Us Contact Us
Fetal Dopplers Other Products  Rental Insurance  Shipping/Returns  Why BabyBeat? Order Now

BabyBeat Doppler with Display

BabyBeat Display

(Model BB200)

Includes heartrate display, audio speaker and 3 MHz probe.
This is the original BabyBeat Display Doppler that the company
started with.

3 MHz probe - We use 3 MHz probes, proven to pick up those
small fetal heart tones earlier in pregnancy than a 2 MHz. Over 80%
of OBs, hospitals, and midwives choose 3 MHz over 2 MHz (just
ask your doctor what probe they use). Click here for more
information on why a 3 MHz probe is the best choice for you.

BabyBeat Display Doppler This unit features broad beam technology and a pre-angled probe

- The original BabyBeat Display Doppler.  allowing for ease in locating the heartbeat with optimal clarity. This
fetal heart monitor also uses Static Suppression Doppler (SSD)

6-Month Prepaid Rental technology to provide a crystal clear static-free signal and maximum

$42/month clarity. This unit runs on a 9 volt battery which normally lasts for

PRV
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Transmit and Receive Spectra

The transmit signal is cos(w.t). If we ignore phase shifts, the received signal

is the Doppler shifted cos((w. + wq)t).

The spectra are then

Transmit Spectrum

md(w + w,) T mS(T — o)

Receive Spectrum
md(w + (0w, + wy)) T
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If we use a quadrature receiver demodulating with e=7%<!, this corresponds
to convolving with 276(w + w,) in the frequency domain

Receive Spectrum
md(m+ (0w, + my)) d(w— (0w, + my))
T i i T >
—W¢ We W
* 1
21
Quadrature Demodulation Spectrum
270 (w + ;)
_Ql)c (il)c >(1)
Baseband Spectrum
Tné(w —y)
—Qi)c ' é’)c >(1)
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We are left with the baseband (Doppler) signal, plus a term near —2w,
which we suppress with a filter.

Note that the baseband signal is complex.

The sign of the frequency tells you which way the blood is moving.
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CW Doppler Display

Blood flow speed changes with time. This is shown with a scrolling display

Scrolling Doppler Display Scrolling Doppler Display
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Pulsed Doppler

A single, short pulse gives good range resolution, but poor frequency
(velocity) resolution.

A single, long pulse gives good frequency (velocity) resolution, but poor
range resolution.

How do we get both, to localized the velocity in a particular vessel, or heart
valve?

Many different solutions.

A common solution in ultrasound and radar is Pulsed Doppler, shown on
the next page.
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| RF Pulse| |Spectrum |
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Pulsed Doppler waveform
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A short pulse is repeated many times, at an spacing TprF.

The round-trip time must be less than this

2d
ta = - < IpRrr

Otherwise a closer voxel will also be returning signal at the same time, and
the signal is ambiguous.

After quadrature demodulation, the baseband spectrum looks like

The spacing between the sublobes is fprr = 1/Tprr, and this must be
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greater than the Doppler shift

2v
fa= ?fc < fPRF

or the velocity is ambiguous. This is the same as sampling.

Often, fprp is not high enough due to the round-trip time required to
reach a specific depth, d, and aliasing occurs.
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Pulsed Doppler Ultrasound
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A range gate is positioned on the ultrasound image (B-mode scan). The
depth sets Tprr.

A pulsed Doppler waveform interrogates the velocities in that voxel, which
appears on the scrolling display.
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Color Flow Ultrasound

UMBILICAL CORD

Encode the magnitude and direction of the flow in color.

Superimpose this on a grayscale image.
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