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Important notice

Medical application

Ce

Guarantee

The information contained in this manual is subject to change
without prior notice,

The purpose of this manua is only to explain the use of the veloci-
meter. Signal Processing cannot be held responsible for any
damage which couid result from the improper use of the informa-
tion contained herein. V

Signal Processing cannot guarantee the reliability of the velocime-
ter, nor be held responsible for the consequences, when the ve-

locimeter is being used in conjunction with equipment not
supplied or approved by Signal Processing. .

This instrument should not be used on human body.

The information contained within this decument is original. The
buyer is prohibited from copying, in part or in whole, and by any
means, this manuaf without prior written consent from Signal Pro-
cessing.

Signal Processing guarantees that the velocimeter will function
according to the specifications given in this manual under normal
use: The guarantee is valid for one year after the date of delivery,
All'items not manufactured by Signal Processing are covered only
by the warranties which their manufacturers supply.

Under this guarantee, Signal Processing will replace or repair (ac-

ording to its best Jjudgment) the defective part. This guarantee is
automatically void if the damage is proven to be e resulr Of im-
proper use.
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Assistance

Official representation in CEE

It is highly recommended that the buyer thoroughly inspect the
apparatus immediately after defivery. Any malfunctions must be
reported in writing to Signal Processing.

The costs of insurance and delivery for any defective parts are un-
der the responsibility of the buyer. Signal Processing will return
the parts postage paid to the address where the parts were orig-
inally sent, with the insurance remaining the responsibiity of the
buyer.

All questions penaining to the instaliation and use of the appara-
tus should be directed io:

Signal Processing S.A.
tue du Maupas 51
1004 Lausanne
Switzerland

Tel: 41-21-683.17.17
Fax:41-21-683.17.18

E'MAIL: info@signal-processing.com
http:/hnww, signal-processing.com

Polytec GmgH
Polytec Platz 1-7
76337 Waldbronn
Deutschiand



Signal Processing

1 Doppler ultrasound velocimetry

Doppier effect

U The Doppler effect is the change in frequency of an acoustic or

electromagnetic wave resulting from the movement of either the
emitter or receptor.

Consider an ultrasonic transducer which emits waves of frequen-
¢y fe and remains fixed in a medium where the speed of sound is
givenbyc. A feceptor, or target, in the medium moves with a ve-
focity v. By convention, v is considered negative when the target
is moving toward the ransducer. If the trajectory of the target
forms an angle 6 with respect to the propagation direction of the
ultrasonic wave, the frequency of the waves perceived by the tar-

get will be:
f veos®
£ oogpge
g € c

transducer 6 K
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2 Functioning principles of pulsed Doppler

ultrasound

By careful analysis of the target echoes, one may determine both

the location and velocity of the target. Knowledge of the time de-
lay between the emitted and received signals and of the wave
speed ¢ gives the distance between the transducer and the tar-
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Tg = observation time

The i:vrinciple for measuring the velocity of a target using a pulsed
signal is illustrated above, If the target is moving toward the trans-
ducer, the time delay between the emitted and received signals
Ty=2d/c will diminish. If, instead of following the time delay, one
examines the amplitude of the received signal afier a fixed time
delay Ty after the emission of regularly timed pulses, ideally a si-
nusoidal signal will resuit. The sampling times are t, = n Tort +Ts,
where n is an integer and Tpreis the time between emitted puises.

UThis is anly valid if the observation time Ts is chosen in order to
receive the proper echo.
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if the acoustic impedance of the target is different from that of the
surrounding medium, the waves will be partially refiected. In this
way, the target acts as a moving source of ultrasonic signals. The
frequency of the waves reflected by the target, as measured bya
stationary transducer, is:

C

f =
' ¢Fvcosh '8

By combining the two above equations, the frequency of the sig-
nal received by the transducer js:

ctvcost

r CFvcosh’ ¢

This equation may be simplified by knowing that the velocity of the
target is much smaller than the speed of sound (v << ¢). By ex-
panding the denominator of the above equation into a geometlric
series, and neglecting the terms of order two and greater, one
may obtain the difference between the frequencies of the emitted
and received signals, This frequency shift, called the Doppler fre-
quency, is given by:

2fevcos6
fo=+—
d c
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The Doppler frequency that gives the velocity of the target is re-
constructed from samples, which are separated in time by Tpss-
According to the Nyquist theorem, the sampling rate cannot be
less than twice the frequency of the signat being sampled. This
minimum sampling rate is known as the Nyquist frequency. In ad-
dition to the sampling frequency limitation, there is a maximum
depth at which a velocity may be measured. This limit is deter-
mined by the maximum time necessary for the ultrasonic signal to
travel from the wansducer to the target and back, This time is de-
termined by the puise repetition frequency (PRF) of the ultrasonic
puises, giving a maximum depth of:

Tprf' ¢

max 2

Reducing the PRF (increasing Tpep will increase the maximum
measurable depth, but will also reduce the maximum Doppiler fre-
quency which can be measured. The maximum velocity and
depth which may be measured are thus related aceording 1o the

foliowing equation:

2
(v

Pmaxvmax = 8f COSB
€

At any given instant, an echo signal could come from many differ-
ent depths, comesponding to echoes from previously emitted sig-
nals. The presence of several acoustic interfaces also causes
several reflections which could cause a false determination of the
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target depth. Nevertheless, if the PRF is sufficiently smali (a few
kHz), the attenuation of previously emitted pulses will render them
indiscernible. The same goes for reflected signals. With a large in-
Grease in the PRF, pulsed Boppler ultrasound can approach the
properties of continuous wave Doppler, with a loss of axial resolu-

tion but no maximum velocity limitation.
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3 Internal architecture of the velocimeter

The working principle of the velocimeter is illustrated below. The
Same transducer is used to both transmit and receive the ultra.
sonic signals. The signal coming from the principal oscillator pro-
vides the trigger for the emitted signal at the PRF.

emission principal
amplifier oscillator
reception synchronized
G amplifier E demodulation
AD low-pass
converter fier
. Doppler fri
e oppler frequency
, H'g,-f}tgf 5 - estimation

The ampilification of the echo signal is increased according to the
depth (Time Gain Control or TGC) in order to compensate for the
attenuation of the waves. Following the amplification, the echo
signal is demodulated, then filtered to isolate the Doppler informa-
tion, A low pass filter suppresses artefactual frequencies in the
spectrim generated by the demodulation.

The Doppler signal is then sampled and converted into digital
form by a fast A/D converter. The time between acquisitions de-
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termines the axiaj Spacing between sample volumes, while the
delay between the emission and reception determines the dis-
tance to the sample volume, The signal coming from the converter
is stored, then filtered by a high-pass filter which eliminates the
Steady and quasi-steady components. Finally, the frequency of
the Doppler signal is estimated. The results may then be used tg
calculate the velocity.

The velocimeter is Capable of producing many different PRF's,
thus praducing ma ny different maximum depths of measurement,
The number of analyzed channels is variable between 10 and 224

3.1 The statug window

The status window displays the values of the most important pa-
rameters, and informs the user on the content of the memory
state.
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Rear panel
mqin
swntch
ECHO
Fuse
PR 250V

D

Ext. Trig

ECHO

SYNC

Ext. Trig

The amplified echo signal is output here.

Synchronizaticn signal

A TTL/CMOS compatible signal is present at the instant of each
emission.

Impuise duration: 50 ns

External trigger input (default state 5 Volt by pull-up)
A change in the TTL/CMOS logic state will start a measurement in

the Trigger mode. The trigger input is level sensitive, not edge
sensitive,

The applied tension on this input must not exceed 5 volt or be
negative.
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4 Selection keys and keyboard

5 The velocimeter is controlled by the front panel selection keys or
' by an external PC compatible keyboard (option), connected atthe
"rear panel,

Note: Both keyboard can not work together, The external
keyboard, if connected, has the priority.
The external keyboard must be connected before
power supply is applied. )
The velocimeter recognizes which keyboard should
be active.

The table below gives the correspondence between the names of
the selection keys from the front panel and the external keyhoard,
The keys A through E have the same Names on both keyboards,

Front panel External keyboard
up up
SELECT Space bar (Space)
ENTER Carriage return (CR)
CANCEL ~Escape (£59)
DOWN DOWN
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4.1 Introducing a parameter via the keyboard

If an external keyboard is attached 1o the velocimeter the value of

Some parameters can be defined directly by typing their va?ue. in
order to do this;

- select the parameter 1o be defined.
(the key window must display the current value);

- press ENTER (cairiage return) on the keyboard;
a new window placed in the center of the screen ap-
pears; ,

- _type the new value: the backspace key could be
used {o correct the last introduced character.

- validate the new value by pressing ENTER (carriage
return) or cancel it by pressing the CANCEL (Esc)

" key.

Note: K The AUTOEXEC.BAT file should centain the correct
; keyboard definition in order to guarantee the corre-
i) spendence between the named keys of the front
. panel of the DOP1000 and the keyboard.

External keyboard function keys When an external keyboard is attached to the velacimeter the F1
key allows a direct access to the cursor menu and the F2 key al-
lows a direct access 1o the disk menu. These 2 function keys are
not available in al! menus,
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S Using the cursor

The Cursor menu, accessible from the main meny by pressing the
B key or by pressing the F1 key if an external keyboard is attached
to the velocimeter enables the measurement of a particular point
on the velocity profile and allows statistical computations on the
evolution of the velocities in a user defined area.

The Cursor menu also allows to place the anterior and posterior
walls which define the area used for the flow computation.

The B key from the Cursor menu enables the Suppression or the
activation of the cursor.

Note: The acquisition time is longer when the cursor is in
active mode.

When the cursor is in active mode, an information window is dis-
played under the velocity profile. Information relative to the cursor
position is displayed in this window.

The curseris moved by using the UP and DOWN keys or by typing
directly a related value after pres.gf;g the ENTER key. The cursor
can be moved only if the cursor is selected which is indicated by
the B:Cursor key. The cursor always follows the measurement line
(tracking mode).



Signal Processing

5.4 Statistical Information

the Cursor menu enables the computation of statistical informa-
tion on the evolution of the velocity in a portion of the velocity pro-
file.

The E key from the Cursor meny enables or disables the statistical
computations. When the statistical Computations are enable, the
mean and the standard deviation are displayed in the cursor win-
dow. The displayed depth corresponds 1o the mean depth of the
selected area (cursor positions). The size is displayed beside the
“word Size:

The B key from the Statistic menu select the position {Depth) of
the analyzed area or it's size (Size). The UP and DOWN keys mod-
ify thé current valués which afe displéyéd int the eursor window.

. The number of profiles used to compute the statistical values js
" defined the key C from the Statistic meny. After pressing this key,
‘this number could be changed by the UP and DOWN keys,

Mote; The statistical information are updated after the ac-
quisition of a profile (moving computation).

The E key from the Statistic menu enables the user to display the
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velocity profile or the histogram of the velacity values,

The histogram is <Opited by dividing the velocity range (nega-
tve and positive values) in 32 classes. The scale is automatically

gomputeqz

To quit the statistical Computation mode press CANCEL.
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6 Filters

Two types of filters can be applied on the velocity profile in real--
time,

- @ moving average filter
- a mediane filter

6.1 The moving average filter e s

The moving average filter computes the mean value for all the dis-
Played gates based on a define number of profile. An option al-
lows to include or remove from the computation the zero values
which may appear when low energy Doppler signal are analyzed,
The mean value of each gate are computed independently, which
means that zero values of one gate does not affect the computa-
tion of other gates.

To select the moving average filter, from the main menu:

- Press the A key,

- Press the B key,

- Press the B key,

= Usethe UP and DOWN arrow keys to select ihe filter

between:

ne filter (none),
moving average,
mediane.
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The number of pm}‘_’lj_g_“s, used for computing the filtered profile is
Mefined by the ¢ key. In order to select it;

- Press the C key

- Use the UP and Down arrow keys to define the
number of used profiles or if an external keyboard is
attached type ENTER and input the desired values
{between 2 ang 1024).

The moving average filter has an option that allo.ws to remove zero
values from the computation. To select this option:

- PresstheD key
- Use the UP and bown amew keys to select the de-
sired option, rejected o included.

After the selection of the filtering process, press CANCEL to quit
the Filter menu.

8.2 The mediane filter

This filter rejects eérronecus values by ordering a defined number

Of measured values by increasing order and output as a filtered
Yalug the value located in the middle of the ordere

d table.
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To select the mediane fiiter, from the main menu:

Notes:

Press the A key,

Press the B key,

Press the B key,

Use the UP and DOWN arrow keys to select the filter
between:

no filter (none),
moving average,
mediane.

Pressthe C key, 16 define the number of used profile,
Use the UP and DOWN arrow keys to define the num-
ber of used profiles or if an external keyboard is at-
tached type ENTER and input the desired values
{between 2 and 32). ~

The recorded velocity values are the non-filtered val-
ues.

The mediane filter slows down the acquisition pro-
cess.
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7 Computation and displayed curves

The velocimeter enables the display of:

- the velocity profile

- the echo modulus

- the Doppler energy profile _
, - the evolution of the velocity versus time of one gale
’ - the flow versus time

- the power spectrum of the Doppler signal of one gate

- the FFT of a time series of velocities

- the spatial intercomrelation between two channels

and also allows:

- the acquisition of the | and Q signals

7.1 The velocity profile

To select this display press from the main menu:

- A:Settings
= C:Computation
- and then A:Profile

To éxit this menu press the key CANCEL.
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7.2 The echo modulus

The modulus of the displayed echo corresponds to the echo en-
velope. This display informs the user o ths presence of high re-
flective structures and on a possible saturation of the electronic
induced by a wrong setting in the amplification level,

To select this display press from the main menu:

- A:Settings
- C:Computation
- and then B:Echo

The horizontal scale gives the intensity of the echo modulus (arbi-
trary unit). The UP and DOWN keys enable the modification of the
scale. The current value of the scale is displayed inside the key B.

The velocimeter afiows to acquire and display both the velocity
profile and the modulus of the echo. In order to select this function
simply press the D key to select both displays. The D key allows
to switch between both displays mode.

When both, the velocity profile and the echo are displayed, the
velocimeter memorize in its internal memory both information.
When recorded, both values will be recorded.

To exit this menu press the key CANCEL.
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7.3 The Doppler energy

The displayed Doppler energy signal is the high-pass filtered
echo signal. Only the echo modulus of moving structures will dis-
piayed. This signal enables the detection and visualization of high
reflective moving structures.

To select this display press from the main menu:

- A:Setiings
- €:Computation
- and then C:Energy

The horizontal scale gives the intensity of the Doppler energy. The
UP and DOWN keys enable the modification of the scale. The cur-
rent value of the scale is displayed inside the key B.

The velocimeter allows to acquire and display both the velocity
profile and the Doppler energy. In order to select this function sim-
Ply press the D key 1o select both displays. The D key allows
- switch between both displays mode.

Vihen both, the velocity profile and the Doppier energy are dis-
played, the velocimeter memorize in its internal memory both in-

formation. When recorded, both values wili be recorded,

To exit this menu bress the key CANCEL.
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7.5 The spatial intercorrelation

This mode computes and displays the result of the spatial inter-
correlation of velocities measured in two gates. The position of the
gates are defined by two cursors appearing on the velocity pro-
file.

The computed intercorrelation value is given by:

N
E V(t,P) ev(t,P)

C = i=1

3V, P ev(t,P,)

1=1

Nz

where:

- \l(%,-,Pﬂ is the measured velocity value at time I at cursor Py
- V{,P;} is the measured velocity value at time t; at cursor P,
- N is the intercorrelation length,

To sefect this display press from the main menu:
- A:Setiings

- C:Computation
- E:Other
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7.4 Evolution of the flow rate versus time

This dispiay shows the evolution of the flow rate versus time. The
section used 1o integrate the V'e'lijéity profile should hiave been al-
ready defined in the Cursor menu,

To select this display press from the main menu:

- A:Settings
- C:Computation
- and then D:flow

The veriical scale shows the times at which the flows are mea-
sured. Depending on the values of the parameters a correct dis-
play of the time is not possible any more. In such a case a“?
replace the unity of the time measurement.

Note: The accuracy of the displayed time is in the order of
2%. The exact value is recorded within the binary
. data in the internal memory.

This display forces the selection of Flow axis for the
parameter Unit.

The choice of this type of display does not affect the
recorded values in the internal memery. The whole
profile as defined in the Memory menu is always re-
corded.

To exit this menu press the key CANCEL.



Signal Processing

- and then A:comrelation
To define the position of the gates:

- press BiSelect cursor until the correct cursor is se-
fected;

- use the UP and DOWN keys to place the cursor at
the desired position on the velocity profile or if an ex-
ternal keyboard is atiached use the ENTER key.

Select the number of measured velocities to compute the correla-
tion:

- press C:Length :

- usethe UP and DOWN keys to define the number of

* used velocities or if an external keyboard is attached
use the ENTER key.

The key D enables to switch between the display of the velocity
profile, the display of the spatial intercorrelation or both displays.

The key E enables to select the Freeze mode and the key A en-
ables a print screen (on a printer or a TIFF file). The type of printer
must have been defined in the Printer menu from the Utilities
menu,

To exit this menu press the key CANCEL.

Note: The choice of the display type does not affect the re-
corded values in the internal memory. The whole
profile as defined in the Memory menu is always re-
corded.



Signal Processing

7.6 Evolution of the velocity versus time

This display shows the evolution of the velocity versus time of one
gate. The position of the gate is selected by the user by moving a
cursor on the velocity profile. The vertical scale shows the times
at which the profiles are measured. Depending on the values of
the parameters a correct display of the time is not possible any
fnore. In such a case a "?" replace the unity of the time measure-
ment,

To select this display press from the main menu:

- A:Settings

= C:Computation
- E:Other

- and then B:V(t)

To define the position of the gate:

- press B:Cursor untif the cursor is selected.

- usethe UP and DOWN keys to place the cursor at the
desired position on the velocity profile or if an exter-
nal keyboard is attached use the ENTER key.

The key D enables to switch between the display of the velocity
profile, the display of the velocity versus time or both displays, The
display choice has no influences on the recorded values.

The key E enables to select the Freeze mode and tho koy A on.
abtes a print screen (on a printer or a TIFF file). The type of printer
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must have been defined in the Printer menu from the Utilities
menit.
To exit this menu press the key CANCEL.

Note: The accuracy of the displayed time is in the order of
2%.

it is not possible to exit this menu and keeping the
display of the evolution of velocity versus time.,

The choice of the display type does not affect the re-
corded values in the internal memory. The whole
profiie as defined in the fMemory ment is always re-
corded.

7.7 The power spactrum of the Doppler signal

The power spectrum of the Doppler signal shows the distribution
of the Doppler energy among their different frequencies, This dis-
play allows to have a better interpretation of the result of the com-
puted mean Doppler frequency value given by the velocimeter, It
couid inform the user on the presence of low frequency compo-
nents of high energy coming from moving interfaces which may
bias the measurement of the velocity of the flowing liquid.

The power spectrum is computed by means of the Fast Fourier
Transform of the Doppler signal issue from one channel or one
gate. The pasition of the gate is defined by a cursor appearing on
the velocity profile. The amplitude of the power spectrum is dis-
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played on a logarithmic scale,
To select this display press from the main menu;

- ASettings

- C:Computation

- E:Other

- and then C:Channef FET

To define the position of the gate:

- Ppress B:Cursor until the cursor is selected;

- usethe UP and DOWN keys to place the cursor at the
desired position on the velocity profile or if an exter-
nal keyboard is attached use the ENTER key.

Select the power spectrum barameters:

- Ppress E-FFT based on to select the desired number
of emissions used to compute the power spectrum;

- press A:Window to define the desired FFT window;

- Ppress C:FFT average to select the number of power
Spectrum used in the moving average filter. {1 means
no filter)

The key D enables to switch between the display of the velocity
profile and the display of the power spectrum.

Note: The unit of the Doppler frequency scale is converted
in velocity.
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The power spectrum use the high-pass filtered Dop-
pler signal. For this reason the power spectrum valiue
is zero at its origin.

The velocity offset value is taken into account.

To exit this menu press the key CANCEL. The selected display,
power spectrum or velocity profile will be conserved. If the power
spectrum is selected the recorded values will be power spectrum
values,

7.8 The FFT of a time series of velocities

This mode compuies and displays the result of the fast Fourier
transform of a time series of velocities measured in a single gate.
The position of the gate is defined by a cursor appearing on the
velocity profile.

To select this display press from the main menu:

- A:Setlings

= C:Computation
E:Other

and then D:Time FFT

)

To define the position of the gate:

- press B:Cursor until the cursor is selected:
- use the UP and DOWN keys to place the cursor at
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the desired position on the velocity profile or if an ex-
ternal keyboard is attached use the ENTER key.
Select the FFT parameters:

- press C:FFT length to select the desired number of
emissions used to compute the FFT,;

- press D:Sampling freq. to fixe the sampling frequen-
¢y. The sampling frequency is defined by the num-
ber of velocity values which are skipped from the
time series.

The'key E enables to switch between the display of the velocity
profile, the display of the FFT or both displays.

The key A enables a print screen (on a printer or a TIFF file). The
Wype of printer must have been defined in the Printer meny from
the Utilities menu,

Note: Normally the abscissa of the FFT graph is calibrated
: inHz, but it may appear that the scale could not be
calibrated. In such a case a ? s displayed instate of

Hz unit,

The time series is not filtered before computing the
FFT. This means that aliasing could be present in the
output result.

To exit this menu press the key CANCEL. On oxit the velocimeter
will measure velocity profiles.
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7.9 Acguisition of the land Q signals

This mode enables to record the | and Q Doppiler signal for a de-
fined number of gates. The position of the recorded gate are se-
tected with a cursor placed on the velocity profile.

The 1 and Q signals are the signals which are normally processed
by the velocimeter. They are the demodulated and low-pass fil-
tered {cut off frequency of 220 kHz) echo signals.

The acquisition of these signals allows the user to extract off line
other information from the Doppler signals based on their own al-
gorithms.

To select this mode press from the main menu:

- A:Setings
= C:Computation
- E:Other
- E:Other
- andthen A:Get ! and Q

To define the position of the gates:

- press B:Cursor until the word Depth is selected;

- use the UP and DOWN keys to place the cursor at
the desired position on the velocity profile or if an ex-
ternal keyboard is atiached use the ENTER key.
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The cursor is placed in the middle of the acquisition
depth. Its depth is displayed in the cursor window
below the velocity profile.

To define the number of the gates:

- press B:Cursor until the word Size is selected;

- use the UP and DOWN keys to select the size of the
fecerded depth. The size value is displayed in the
cursor window below the velocity profile. The selec-
tion of the size defines the number of gates which will
be recorded.

Select the number of recorded emissions:

- press D:Nb emissions and then use the UP and
DOWN keys to define the number of desired emis-
sions or if an external keyboard is attached use the
ENTER key.

The key E enables to start the record process. When the record
process starts, the velocimeter SIops to measure the velacity pro-
file. It will only acquire the { and Q values for the selected area and
transfer their values in its internal memory. This procedure will
continue until the defined number of emissions are recorded.
Then the velocimeter will automatically jump to the disk menu al-
lowing the user to record the measured vaiues on a file.
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Note: The recorded | and Q values are the binary data out-
put by the AD converter. They are in a signed word
format (17 bits + sign). The structure of the record is
defined in the chapter Storing and reading measures

The resolution could not be adapted.
If the cursor could not be moved to the desired posi-
tion, you have to lower the size value and/or de-

crease the PRF value.

To exit this menu press the key CANCEL.
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& Definition of the amplification level (TGC)

Correct values of the amplification level are important. A to high
level may induce saturation in the electronic which will give wrong
Measurement values,

The user can select a corect amplification level by two means.

The first ene consist to define the amplification level at the mini-
mum and at the maximum depth, depths displayed on the depth
scale. The amplification will follow an exponential law between
these 2 values (Slope mode).

The second one consist to define a constant value inside different
ceils for which the position and the size are defined by the user
(Custom mode). By moving and sizing the cells, a particular am-
plification curve could be realized.

For beth method the user can choose to display the modulus of
the echo envelope or the amplification curve in state of the veloc-
ity profile. This helps the user to define a correct amplification
curve.

8.1 How to select a correct amplification

To define the amplification level press the key A from the main
menu 1o go in the Settings menu. Then press the key D.

The velocimeter displays then the echo modulus of the Doppler
signal and selects the current TGC mode.
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Depthmm

The 3 figures below show 2 different situations that will need a
modification of the current TGC amplification curve.
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In A the amplification level is correct. The saturation appearing at
the starting depths could not be removed and is normal. This sat-
uration is induced by the ringing effect of the ransducer appear-
ing just after the emission.

In B, to much amplification has been selected. in one third of the
‘measuring area the electronic is saturated. The TGC slope mode
may be selected to decrease the amplification level at the starting
depths. in some situation redugcing the emitting power could also
be necessary.

In C, the ampilification level in correct in almost all the measuring
area. The strong echo appearing in the middle of the profile could
maybe come from a second reflection of the emitting burst. The
saturation could be removed by using the TGC custom mode.
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8.2 Sefting the gain in the Slope mode
The text inside the key B indicates the current TGC mode. Press
this key until the text Slope appears.

in order to define the amplification at the minimum depth:

- press the key G,
- by means of the UP and DOWN keys, select the de-
sired amplification fevel.

In order to define the ampilification at the maximum depth:

- press the key D,
- by means of the UP and DOWN keys, select the de-
sired amplification level.

Note: The amplification leve! at the minimum depth can not
- be higher than the level at the maximum depth.

The key E enables to select one between three different display
curve, the velocity profile, the echo modulus and the amplification



Signal Processing

8.3 Setting the gain in the custom mode

The text inside the B key indicates the current TGC mode. Press
this key until the text Custom appears.

The TGC cellis represented in the right region of the velocity pro-
file window by a rectangle.

The position and the size of the TGC cell is defined by using the
key C. This key has three functions which enables the definition of
the starting depth, the definition of the ending depth and the dis-
placement of the cell.

In order to define the TGC cell, select one of these functions by
pressing the key C and then use the UP and DOWN keys to
change the current value of the selected function.

In order to define the amplification level inside the cell, press the
key D and use the UP and DOWN keys to change the current TGC
value,

Note: The TGC values in Slope mode and in Custom mode
are linked.

The TGC values in custom mode are not memorized
when the parameters are saved.

The key E enables to select one between three different display
curve, the velocity profile, the echo modulus and the amplification
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9 The parameters

The velocimeter is controlled by a define number of parameters
which are user's selectable for most of them, A correct setting of
these parameters is of prime importance. in order to help the user
to define a correct setup, the velocimeter contains a default setup
which guarantee that the velocimeter will work correctly. it is rec-
ominiended to always start from this setup.

At power up the velocimater atways use the parameters from con-
figuration 1 and not the default vaiues (factory setting).

The selection of the value of the different paramelers is realized
through: different menus. These menus are described in details in
the following section.

2.4 Pulse Repatition Freguency PRF

The PRF determines the maximum measurable depth as well as
the maximum Doppler frequency which can be measured unam-
biguously. These two limitations are related by the expression:

c

==

max ] max Z

whera Pmax is the maximum measurable depth, Fp,, the maxi-
mum measurable Doppler frequency and ¢ the speed of sound.

248 different values of PRF may be chosen. The velocimeter dis-
plays the value of the PRF in s and the related maximum depth
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in mm in the Status window

Selecting the correct PRF value

Whenever possible you should try to select the value which does
not induce aliasing. The best way to select a correct value is to
start with the maximum value (64ps) and to reduce its value until
all the measuring range is used, The desired analyzed depth
should be then adapted by changing the resolution and or the po-
sition of the first channel.

Note:

The measuring range is displayed on the depth axis
of the measuring profile. This measuring range could
not be equal to the fange corresponding to the PRF
vaiue {range displayed in the statys window) and its
maximum value is always a litile bit lower.

- The Offset function in the Velocity menu enables to

increase the value of the maximum measurable ve-
locity. This increase is done by allowing a bigger
range to the positive or negative velocites,

To select a PRF value, from the main menu:

press A:Settings
then AParameters

. then A:Define

then E:PRF
then use the UP and DOWN keys to select the de-

sired value or if an oxtomal keyboard i GUNNEGIEQ

press ENTER and input the desired depth value.
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8.2° Position of the first channel

In order to measure a portion of the possible measuring range de-
fine by the PRF value, the position of the first channel to be ana-
lyzed may be shifted from the origin (surface of the transducer),
The velocimeter allows to shift this position by step of 1 ps.

To select the position of the first channel, from the main menu:

- press A:Setlings

- then A:Parameters

- then A:Define

- then B:Start at

- then use the UP and DOWN keys to select the de-
sired value or if an external keyboard is connected
press ENTER and input the desired depth value.

9.3 Resolution

The lateral sizes of the sampling volume (measured perpendicu-
larly to the ultrasonic beam axis) are defined by the geometry of
the ultrasonic beam. its longitudinal size is defined by the burst
length and the bandwidth of the eiectronic receiving unit.

The lateral dimensions of the sampling volume increase with the
analyzed depth due to the divergence of the ultrasonic beam.

The lengitudinal dimension of the sampling volume is defined by
the emitting frequency and the iength of the emitted burst. For ex-
ample at 1 MHz with 18 cycles emitied the lengitudinal resolution
is 8us or 6mm. The minimum value of the longitudinal resolution
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could not be lower as of 1.2 us or 0.9mm due 1o the limited band-
widith of the receiver.

The time laps between two displayed channels defines the dis-

play resolution. This resolution may vary between 32 ps and 0.5
ps. The display resolution also defines the total duration of the an-
alyzed eche signal and the measuring range. The velocimeter
displays the value of the resolution in Hs and its value in millimeter
in the status window.

Note:

For some values of the selected resolution the mea-
suring volumes may overlapped each other or un-
measured zones could appear between measuring
channels. The chapter refated to the measured sam-
ple volume explains in details how the sampie vol-
ume is defined.

To select the resolution, from the main menu:

press A:Setiings

then A:Parameters

then A:Define

then C:Resolution

then use the UP and DOWN keys to select the de-
sired value or if an external kevbeard is connected
press ENTER and input the desired depth value.

9.4 Sensitivity

The algorithm used to measure the Doppler frequency aliows 1o
fuiity ine resuit wien the Doppler energy is below a defined level,
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The sensitivity parameter is a very useful parameter to evalyate
the influence of the noise level on the quality of the measurement.
As both the Doppler signal and the noise are measured it is im-
pertant to insure that the noise lsvel does not influence the mea-
sured values. If the measurement are not affected by a
modification of the sensitivity parameter, the noise level is situated
well below the energy of the Doppler signal.

The velocimeter enables the selection of 5 levels of sensitivity.
To select the sensitivity, from the main menu:

- press A:Seitings

= then A:Parameters

- then A:Define

- then D:Sensitivity

= then use the UP and DOWN keys 1o select the de-
sired value.

8.5 Numberof emissions by profile

The measurement of the Doppler frequency needs many ultrason-
ic emissions. This number will affect the variance of the estimated
frequency and ihe measuring time of a profile,

This number should be selected in accordance to the type of flow
investigated. For steady flows a high number will decrease the
variance and therefore should be selected. For unstationnary
flows this number should be adapted to the degree of variation
versus time of the velocities. The algorithm used to estimate the
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Doppler frequency is based on the assumption that the velocity of
the particies contained in the sample volume remains constant
during the measuring time. For such a flow a compromise is to be
laken between the quality of the estimation (minimum variance)
and the measuring time.

Note:  Thevariance of the measurement could be improved
Dy using one of the two available filters, moving av-
erage or median.

To select the number of emissions per profile, from the main
menu:

- press ASettings

- then A:Parameters

‘- then A:Define

- then A:Next

- then E:PRF/profile

- then use the UP and DOWN keys 10 select the de-
sired value or if an external keyboard is connected
press ENTER and input the desired depth value.

8.6 Emitting power

The ultrasonic power has to be selected in accordance to the de-
gree of attenuation of the investigated liquid and the type and
conteni of particles, The emitiing power must be linked to the TGC
amplification. It is advaniageous to select the minimum emitting
power that gives goed results. The emitting power should be in-

crease if not enough Doppler signal is received and decraasc i
e nput stage of the receiving unit of the velocimeter saturates
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even with a low ampiification level.

Notea:

When using large transducers better results are ob-
tained with low emitting power,

To select the emitting power, from the main menu;

press A:Settings

then A:Parameters

then A:Define

then A:Next

then B:Power

then use the UP and DOWN keys to select the de-
sired value,

8.7 Emitting frequency

The choice of the emiiting frequency depends mostly on:

- the desired size of the sampling volume;

the emitting frequency contributes to the definition of the longiludinal di~
mension of the sompiing volume. A high frequency qives o betler reso—

Jution.

- the attenuation of the ultrasonic signal;
the attenuation of the ultrasonic waves depends on their frequencies. The
low frequencies are less attenuated.

- the maximum measurable velocily;
the maximum measurable velocity which does not produce aliesing is @
function of the emitting frequency.

[

the backscallered enerqy;

the ultrasonic energy backscattered by the particles depends a lot on the
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ultrasonic frequency (power of 4).
Note: ltis absolutely necessary o select the emitting fre-
quency comresponding to the attached transducer.
Each transducer works only at one frequency.

To select the emitting frequency, from the main menu:

press A:Settings

- then AParameters

- then A:Define

- then A:Next

- then CiFrequency

- then use the UP and DOWN keys to select the de-
sired vaiue.

8.8 Burstlength

The ultrasonic emitted burst could contain 2, 4 or 8 cycles. The
length of the emitted burst affecis the resolution and/or the re-

ceived Doppler energy.

The resolution is affected by a change in the burst length only if
the duration of the emission is higher then the integration time as-
sociated to the bandwidth of the receiver unit which is 1.2 is.

The received Doppler energy is affected by a change in the burst
length only if the duration of the emission is fower then the integra-
tion time associated to the bandwidth of the receiver unit which is
1.2 ps,
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Definition of the computed
depth

Note: 32 cycles are emiited when measuring sound speed.

To select the burst length, from the main menu:

- press A:Settings

= then A:Parameters

- then A:Define

- then A:Next

- then D:Burst length

- then use the UP and DOWN keys to select the de-
sired value.

Measurement unit

The velocimeter measures only the velocity component in the di-
recticn of the ultrasonic beam. When the velocity component and
the measured depth (Py,) should be computed in this direction
choose the value «US axis» for the parameter Unit.

When the direction of the flow is known, it may be useful to com-
pute the velocity component in the direction of the flow, which cor-
responds to the real velocity. The Doppler angle (8) is used to link
the direction of the ultrasonic beam and the direction of the flow.
By selecting the value «Flow axis» for the parameter Unit, the
computed velocity component is the projection of the measured
velocity on the flow axis. For such a selection the computed depth
(Ppro) are measured perpendicularly to the flow axis.

Note: The value of the parameter Unit as no effect on the
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recorded binary data. The recorded data are always
the velocity values measured in the direction of the
uitrasonic beam, which are the only component that
the velocimeter could measure.

To select the parameter Unit, from the main menu:

press A:Settings

- then A:Parameters

- then A:Define

- then A:Next

.- then D:Unit

- then use the UP and DOWN keys to select the de-
sired value.

8.9 Doppiler angle

The value of the Doppler angle is used to link the direction of the
ultrasonic bearm and the direction of the fiow when the parameter
Unit as been selected on Flow axis. It has no effect on the record-
ed data and is only used for computation purposes.

To select the value of the Doppler angle, from the main menu:

press A:Settings

- then A-Parameters
- then A:Define

- then A:Next

- then A:Next

- then B:Deppler angle
-- inen use the UP and DOWN keys to select the de-
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sired value or if an external keybeard is connected
press ENTER and input the desired depth value.

9.10 Speed of sound

The knowledge of the speed of sound in the medium is necessary
io compute a velocity in mm/s and a depth in millimeter. This pa-
rameter has no effect on the recorded data and is used only for
computation purposes,

A good knowledge of the sound velocity in the medium is neces-
sary to obtain good guantitative measurement values, as all errors
on this parameter is directly reported on the velocity values,

In many cases the sound speed value in the medium may be
found in tables. If no such tables are available the sound speed
may be measured directly with the velocimeter by the use of the
measuring sound speed unit {accessory of the velocimeter).

To introduce the sound speed, from the main menu:

- press A:Settings

- then A:Parameters

- then A:Define

- then A:Next

- then A:Next

- then C:Sound speed

- then C:Set value

- usethe UP and DOWN keys to select the desired val-
ue or if an external keyboard is connected press EN-
TER and input the desired depth value,
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Mezsuring the sound epeed

The velocimeter could not measure directly this value with preci-
sion without the use of the measuring sound speed unit. Never-
theless ap approximate value could be Obtained by using the
display of the echa modulus and placing in front of g transducer
a flat target at a known distance, By changing the value of the
sound speed until the distance at which appears the rising edge
of the echo generated by the target much the known distance, the
user could estimate the value of the sound speed in the medium,

By using the sound speed measuring unit the velocimeter could
fmeasure the sound speed valye with & precision of about 1%.
Please refer ta Appendix A for an explanation on how to use this
unit, '

2.11 Interns) memory

Al data profiles measured by the velocimeter are memorized in
the internal memory of the velocimeter. The internal memory is de-
signed insuch a way that when the internal memory is full the olg-
est measured data profile will be overwritien by the newest, The
size of the internal memory is defined in number of profiles and it
could be selected by the user between 16 and 32'768 (depend-
ing on the amount of memary installed in the velocimster). The
time fieeded to fill the whole Mmermory is displayed inside the key
D. This value is an approximate value,

A change in an acquisition parameter induces the orase of tho
whoie memory. This insure that all the data profiles contained in
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the memory have been measured with the same configuration pa-
rameters.

The Status window displays the state of the content of the internal
memory by indicating «Buffer:filling» when all the memory is not
full and by indicating «Buffer:full» when it is completely filled.

To select the size of the internal memory, from the main menu:

- press A:Setiings

= then A:Parameters

- then A:Define

- then ArNesxt

- then A:Next

- then D:Memory

- then C:Nb profiles

- then use the UP and DOWN keys to select the de-
sired value or if an external keyhoard is connected
press ENTER and input the desired depth value.

in order to optimize the use of the internal memory the user could
memarize only a portion of the whole measured data profiles. This
tapability is achieved by defining the first and the last channel
number of the region of interest that has to be memorized. The two
keys D:From channel and E:To channel are used for this purpese,
The values of the data profiles outside the memorized profile are
set to zero.

Note: A zero (0) value for these two parameters means that
‘the velocimeter will use automatically the first avail-
abie channel for the parameter From channel and the
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last available channef for the parameter E:To chan-
nel.

The velocimeter allows also t0 slow down the acquisition rate of
the data profiles by skipping a certain number of profiles between
each measured profile. This number is defined by the key B:Skip.

8.12 Number of channels

The velocimeter could Measured up to 224 channels or gates.
The number of channels that could be Mmeasured depends on the
selected PRF, the position of the first channel and the selected
resoluiion,

The user has the possibiiity to select the number of channels. The
miniraum nember is 10, Reducing the amount of measured chan-
nels increases the armount of profiles that could be memorized
and also enlarges the display (more pixels display per channel).
A value of zero (6) for this parameter means that the velocimeter
will select automaticaily the maximum number of channels that
could be measured,

To select the number of channel, from the main menu:

- Press A:Setiings
then A:Parameters
- then A:Define

- then A'Next

- then A:Next
- then Epax, gawes

»
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then use the UP and DOWN keys o select the de-
sired value or if an external keyboard is connected
press ENTER and input the desired depth value.

8.13 Definition of the main parameters

The definition of the main parameters may be done through a sin-
gle menu. In this menu the velocimeter disables the acquisition

process and displays the main parameter window,

A cursor (arrow shape) appears on the left side of the value of a
parameter. In order to select a parameter and madify its value:

place the cursor in front of the parameter to be mod-
ified by using the UP and DOWN Keys;

select the parameter by pressing SELECT. The value
of the parameter is than surrounded by a rectangle;
modify the value by using the UP and DOWN keys or
press ENTER if an external keyboard is connected;
accept the modification and enzble the selection of
an other parameter by pressing SELECT or quit the
menu by pressing CANCEL.

9.14 Memorization of the parameters

The velocimeter can store up to 5 different configurations of the
parameters. For each configuration a legend, of up to 32 charac-

ters, can be atizched.

in order 10 memorize a configuration, from the main menu:
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= press A:Settings

- then A:Parameters

- then C:Save

- select a configuration by moving the arrow by using
the UP and DOWN keys.

- select this configuration by pressing ENTER

= Input the comment which describes the configura-
tion

- validate the introduced comment by pressing EN-

. TER.
- press B:Save 1o store the Pararneters

Note: The TGC vaiues in Custom mode are not memorized.
Only the start and end value of the TGC amplification
level are memerized,

9.15 Recall the parameters

A recorded configuration can be recalled any time.

in order to recall a configuration, from the main menu:

- press A:Settings

- then A:Parameters

- then D:Recall ‘

- select a configuration by moving the arrow by using
the UP and DOWN keys,

- press B:Recall to recall the configuration parameters
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Note: The TGC values for Custom mode are initialized to
the same values as the slope mode.

9.16 The default parameters
This configuration can be recalled any time. The default parame-

ters can not be changed. This configuration insures a coherence
bstween alf the parameters. It is recommended o always start
with this cenfiguration for new measurements.,

In order to select the defautt configuration, from the main menu;:

- press A:Setiings
- then A:Parameters
- then E:Defauit

Mete: The selection of the Default Parameters does not im-
ply the memorization of this configuration.

9.17 Masdmum velocity

The velocimeter has three velocity scales for each PRF value, The
maximum velocity range corresponds 1o the maximum measur-
able velocity defined by the PRF value. A decrease in the velocity
scale enables an increase in the velocity resolution for the same
acquisition time, Decreasing the velocity range will also decrease
the aliasing limit.

Note; itis recommended whenever possible to reduce the
PRF value instead of reducing the velocity scale.
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In order to sefect the velocity scale, from the main menu:

- press A:Settings

- then E:Velocity

use the UP and DOWN keys to select the desired val
te.

Normally the velocimeter allocates the same range o positive and
negative velocity. in some cases it could be useful to reserve a
bigger rangs to one of the signed portion. This method allows to
measure higher velocities without loosing the capability of mea-
suring bi-directicnal flows. The key D:Offset defines the range of
both the positive and Regative velocity range.

To select the velocity offset, from the main menu:

- press A:Seitings
- then E:Velocity

- then D:Offset
- usele UP and DOWN keys 1o select the desired val-

ue.
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tory after power up.

To select the current directory, from the main menu:

press C:Disk

then B:Direciory

After pressing this key, the velocimeter displays a
window in which the first line gives the complete

name of the cumrent W directory and the Tollowing Tines
display all the avaxlable directories.

use the UP and DOWN | keys to select an available di-
reciory, or select the position labeled *.” 1o visualize
the content of the parent directory, or select the po-
sition labeled "NEW" to introduce a new directory.
{see creating a new directory)

- validate your choice by pressing ENTER. The veloci-

Lmeter jumps 1o the new selected directory and se-
iects it as the current directory.

Creating a new diractory:

- Pplace the cursor on the line labeled “NEW:" by using

the UP and DOWN keys,

- then press ENTER. The size of the cursor increases

and a default name “1" appears.

- infroduce the new directory name:

if an external PC keyboard is connected:

enter the name of the new directory. The back-
Space key erases the last characier introduced.

G
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IMPORTANT NOTE

10 Storing and reading measures

The content of the internal memory, which contains the data pro-
files, can be recorded with the parameters on the floppy disk or
on the hard disk. The recorded data profiles could be:

- the velocity profiles, included the flow rate

- the echo modulus profile, included the flow rate

- the Doppler energy profile, included the fiow rate
- the velocity profile with the echo modulus

- the velocity profile with the Doppler energy

- the power spectrum of 3 channel

- theland Q Doppler signais.

The resulting record is compatible with DOS,

An ASCH bioc and all the configuration parameters are attached
to the recorded datz profiles,

The recorded data profiles are raw data Any applied filters are
not taken into account, This a!loﬁ%"é“b"e €F and sure way (o oS~

process the measurements.

10.1 Working with directories

The current directory is the directory where data profiles could be
recorded and read. The velocimeter contains a meny which al-

lows t0 browse alt the avaitable directories in all the available
diives. #is also possibie 10 creaie and remove directories and to

save the current selection §Fr§:§jr‘hd§r"tvg select it as the current direc-
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it no external PC keyboard is connected:

the key SELECT can be used to fixe the position of
a character to introduce. This position is indicated
by an underscore _*. The UP and DOWN keys are
used to select the character.

- validate the name by pressing the ENTER or cancel
the creation of the new directory by pressing the key
CANCEL. The new created directory will be selected
as the current directory

To select an other drive, from the main menu:

- press C:Disk

- then B:Directory

= then each fime the key B:Change drive is pressed
the next available drive will be selected.

Te remove a directory:

- place the curser on the line which contains the name
of the directory to be removed by using the UP and
DOWN keys,

- press ihe key A, The velocimeter removes the direc-
tory, #f the directory to be removed contains files a
message appears in the directory window and the
velocimeter jumps to this directory.



Signal Processing

To memorize the current directory

The name of the current directory can be saved by pressing the
key C follow by ENTER. Saving this name ensures that, at next
POWEN Up, the velocimeter will select this.name as the cur ent di-

rectory.

To quit the directory menu

To quitthe Directory menu and accept the current selection press
the key CANCEL,

18.2 Working with files

The velocimeter can save, read or delete files Contained in the
current directory. Saving a file means recording the content of the
internal memory (its filled part), an ASCH! bloc and the configura-

tion parameters, Reading a file means transferring the data pro-
files contained in the file into the internal memory and getiing the
configuration parameters from the file (see Reading DOP files).

To access a file, from the main menu;

= press C:Disk

- then A:File

- After pressing this key, the velocimeter displays a
window in which the first linc gives the compiete
name of the curent directory and the following lines
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d.splay alithe avax&ab!e fi §es if the number of existing
files contained in the current directory is bigger than
the number of displayed files, the label "MORE..."
appears at the bottom right of the window. Selecting
this iabel by means of the UP and DOWN keys and
pressing ENTER aliows to display the other files.

16.3 Deleting a file

To delete a file contained in the current directory, from the main

menu:

- select the file 10 be deleted by using the UP and
DOWN keys,

- press C:Delete

- confirm by pressing ENTER or cancel by pressing
CANCEL.

10.4 Heow to record data profiles

The velocimeter offers two ways to record data profiles. The first
way cgns:sts to use directly the Disk menu and the other one in-

rorssar

YO vo§ve ihe use Gh mn Tngger men.

When using directly the Disk meny, the data profiles which will be
recorded are the data contained in the internal memory just be-
fore entering in the Disk menu. This means that the user will record
the profiles which have been measured and displayed (record
past measurements).



Signal Processing

On the other hand, when using the Trigger menu the data profiles
which will be recorded are the data contained in the internal mem-
ory issue from the first trigger signal up to the last trigger se-
quence. This means that the user will record the profiles which will

be measured and displayed (record future measurements). The
Trigger menu describes in details this method o record data pro-
files.

Note: The velocimeter rearrange the internal memory in or-
der to always place the latest measured data profile
at the end of the file.

If the user memorize measurements before having fill
Up the whole memory, only the measured data pro-
Fle wi be recorded in the file.

When using the Disk menu the user must follows the procedure
below:

- be sure that all the parameters have the desired val-

ues;
" - go o the main menu by pressing as many times as

necessary the CANCEL key;

- wait until all the internal memory is full, which is indi-
Cated in status windows by “Bﬁiﬁer:full”;

- then press C;Disk;

- then A:file

- place the curser on the desired fila nama by using
the UP and DOWN keys, or select a new file name
BT e o L WA TS TS
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{see below Defining a file name):

- press A:Store to record the measure. In case of an

existing file name a message appears inside the key
A which asks the user to confirm the overwriting pro-
cess. Press ENTER to confirm or CANCEL in order to

select an other file name.

If an external keyboard is connecied:
A new window appears in which the user can in-

troduce a description of the file content. Terminate

the introduction of the description and siore the
file by pressing the key CANCEL. The backspace
key could be used to erase characters.

if no external keyboard is connected, the velocime-
ters staits to record the file.

&A message inside the key A indicates the status of
the velocimeter.

Note: The Disk menu is directly accessible by pressing the
F2 key in many menus.

Defining a file name

The following procedure should be used to introduce a new file

name:

- place the cursor on the line labeled "NEW:" by using
the UP and DOWN keys, and press ENTER. The size
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of the cursor increases and ths default file name «1»

appears.

if an external keyboard is connected,
introduce the new file name. The name must be
compatible with DOS (8 characters foliow by a
point and 3 characters for the extension). Then
press ENTER to validate the new name or CAN-
CEL to quit.

if no external keyboard is connected,

select the position of the character 10 be introduce
by the key SELECT which is indicated by the un-
derscore «_», Use the UP and DOWN keys to de-
fine the character. Repeat the two steps above
until the whole name is introduced. Then press
ENTER 1o vaiidate the new name or CANCEL to
quit.

10.5 Reading DOP files and cine mode

The velocimeter allows to read and replay a measure from the
floppy disk or the hard disk. This replay mode, called the cine
mode, enables te visualize ihe evolution of the data profiles slowly
or siep-by-siep.

As all the configuration paramelers are aiso read from the file, the
user can also visualize these parameters. Any applied filters dur-
ing the measurement will be activated in cine mode. The user
couid change some setiings (filters, sound spsed, and ethers) to

sen their influences on the meagurcmoents. OF course, all param-

eters related to the acquisition process (resolution, PRF, and oth-
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ers) could or should not be changed.

To access the cine mede, the first step is to read a DOP1000 bi-
nary data file. To do it, from the main menu:

- press C:Disk

- then AtFile

- select the file to be read by using the UP and DOWN
keys,

- press then B:Recall.
The velocimeter jumps afterwards in the cine mode.-
The cine mede and file name being in used are indi-
cated on the botiom left of the display.

In cine mode the velocimeter runs the same way that during the
acquisition mode.

Selecting the display mode

in cine mode the velocimeter can display the data profiles contin-
uously or step-by-step. The update rate of the data profiles is us-
er's selectable in the continuous mode.

To select the update rate, from the main menu:

- press D:Utilities

- then B:Cine speed as many times it is necessary to
see inside the B key the text Define speed.

- select the update rate by using the UP and DOWN
keys,

- press the key CANCEL to return to the main menu
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To select the step-by-step mode, from the main menu:

- press D:Uglites

- then B:Cine speed as many times it is necessary to
see inside the B key the text Step-by-siep.

- select the next profile to be displayed by using the
UP and DOWN keys. The status window indicates
the profile number.

- press the key CANCEL to return 1o the main menu

Quit the cine mode
To retum 1o the hofimal acquisitioh mode, from the main manu:
- press DiUtilides

- then A:Cine mode

The velocimeter will recall the parameters that where in use be-
fore entering in the cine mode.
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11 Structure of a binary DOP file

“he velocimeter records data profiles in a format compatible with
BOS. A dop file contains three blocs:

- an ASCH bloc which contains the principal parame-
ters values of the measurement and a description of
the file content introduced by the user;

- a binary bloc which contains all the parameters used
during the measurement process

- a data blec which contains the binary values of the
measured data.

1.1 The ASCH bloc

This biloc is the first bioc and has a length of 1536 bytes. It allows
a direct visualization of the values of the principal parameters and
the description of the file content introduced by the user. The DOS
command TYPE from DOS or any text editor can display the con-
tent of this ASCH bloc.

Note: The description of the file content is only present if
the file was recorded by means of an external key-
board.
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The structure of the ASCH blog

Signal Processing SA: DOP1000 Ver:5.23

Recorded data type: velocity profile

Pulse repetition frequency ........oooeeeeoovvann... : 156mm208us
First channel atu.....ovvoone........ e | 0.0 TMLO US
RESOIMHON. ...ovveoerceenrreeeeene e 0.3 75mm 0.5us
SERASIIVILY w.vvvevvevecrcererie s ses oo, TGN
Number of emission / PIOTHE e 1 128,32 s
EMISSION BOWEF ......oveieretrsecereee e : medium
freqUency ..o, : 8 MMz
BUISLIBAGH ..ooovvveo st 8 CYClES
U ettt US 208
SoUnd SPEU......veccuieererci e, : 1500 /s
Doppler angle ... 1 60 degrees
MEMOTY SIZE v eces e 1 256,8.3ms
From channel ..o : 0,auto
To channel........ocoweeecvoneeceneeeee : 0,auto
SKID it :0p.0ms
MaXimum VelOCIY.......c.evvurverceeeresieenen, s 225 mmfs
Velacity OffSet ..., : 0 mm/s

Measurement Description:

Up to 10 lines of 43 characters each could describe the measure-
ment.
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offset

(=1

10
12
14
16
18
20

22
z24
26
28
30
32
34
36
38

42
44
46

48
50
52
54
56
58

Definitions of the binary parameters

description

software version number

emitting power

0: high 2:medium 3:dow

coded pulse rep. frequency

coded emitting frequency

0:8 MiHz 3.1 MHz

position of the first channel in psx10

TGC coded value at minimum depth’

TGC coded value at maximum depth
Doppler scale facter (2.4 or 8)
coded resolution

memory size (in profile}

sensitivity

Owvery high -> S:very low

IiR filter coefficient % 100

Doppiler angle in degraes

Echo modulus scale factor

Nb of emissions/profile

b of emissions for stabilization IR

internal variable

sound velocity nv/s

unit;= 0 US axis =1 Flow axis
main oscillator, frequency kHz
main oscillator, period nsx100
internal variable

number of channels

power spectrum window
O:none 1:Hamming

nb of profiles for statistics

nb of channels for statistics
burst length {0=>2, 1=>4, 2=>8)
internal variable

TGC mode: O=slope 1=custom
TGC custom, beginning depth

offset

60
82
64
66
68
70
72
74
76
78
80
82
84
86
88
20
92
94
96
o8
100
102
104
106
108
110
112
114
116
156
158
160
162
164

- 155

description

TGC custom, end depth

TGC custom, cell value

applied filter flag

nb of profiles for moving average
internal variable

internal variable

internal variable

channel duration in psx10
channel number of the anterior wall
channet number of the posterior wall
internal variabis

coded offset velocity value
internal variable

internal variable

internal variable

internal variable

first recorded channel

last recorded channel

nb profiles used for median

nb points for FFT

multiplex mode flag

internal variable

nb bytes by profile (NB_PRO)

nib profiles skip between recorded profile
Trigger flags

Trigger delay (in profile)

nb profiles by Trigger avent

nb Trigger sequence

table of nb of profiles in multiplex
nb of averaged power spectrum
FFT channel

multiplexer flag

internal variable

nb points for time FFT
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11.2 The binary parameters bioc

This second bloc has a length of 256 bytes and contains the bina-
1y words linked to the parameters.

The following table gives the position and the meaning of these
words. The position are given relative to the beginning of this bloc
which starts at offset 1'536 bytes from the beginning of the file.

11.3 The measured data bloc

This third bloc starts at the offset 1792 bytes from the beginning
of the file and coritains the binary data.

Each profile is formed by NB_PRO bytes. The value of NB_PRO
depends on the number of channels used in the measurement
and is found at the oifset 104 from the beginning of the binary pa-
rameters bloc.

These NB_PRO byies cenizin the coded measured data for each
channel. The channel located at the minimum depth is in the first
position. The last bytes inside a profile give information relative to
the muftiplex mode, the flow rate value and the recording time of
the profile in microseconds.

Vithen the recorded vaiues contain both the echo modulus or the
Doppler energy and the velocity profile, the first K bytes give the
echo or Doppler energy (low depth first), where:

NBPRO-10
2

K =
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Structure of ons velocity profile

offset description

o The following bytes give the coded Doppler data,
low depih first. If 2 types of profiles, K bytes for the
modulus or Doppler energy, then K bytes for the
velocity profiles, where::

_ NBPRO- 10

-

NB_PRO-10  word reserved for the muftiplex mode.

K

NB_PRO -8 4 bytes that give the flow rate value in the selected
flow rate unit (mifmin or I/min).
low byte first

NB_PRGC-4 4 bytes that give the measuring time of the profiig

1.4 Conversion of a coded Doppler frequency

The recorded Doppler frequency values are coded and are in a
byte format.

In order to convert these coded values in a Doppler frequency
Fagp i Hz, you should applied the following relation:
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Frop [Hz] =

Vals 1ol

Par[14] e Par[4] o Par [40] 32768

where:
Val

Parf4g] -

Par{14}

Pari4}

is the coded value exiracted from the file. It has a val-
ue between -128 et +127

is the binary value {format werd) located at offset 40
from the beginning of the binary parameters bloc,
{main period of the oscillater in nsx100)

is the binary valus {format word) located at offsat 14
from the beginning of the binary parameters bloc
{Doppler scale factor).

is the binary value fformat waord) located at offset 4
from the beginning of the binary parameters biloc
{coded value for PRF}.

The relation above is valid only if the velocity offset véiue is 0. If
the velocity offset is not 0 the recorded coded binary values have
to be corrected by the following algorithm befor using the above

formula.

Yal = Val + Par(42)

iICOR =90

IF Val > 127 then ICOR = -256

iF Yal < -128} then ICOR - 258
Val = Val + ICOR
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Vim/s]

Val = Val - Par{42)

This Doppler frequency in Hz can be converted in a velocity by
ihe relation below. This velocity is the cemponent in the direction
of the ultrasonic beam.

o [1+Par{6]]
2
~ FDGp ePar{3i4] o2
Par[38] o 10°

where:
Foop is the Doppler frequency in Hz

’ (computed by the preceding relation)
Par{s] is the binary value (format word) located at offset §

from the beginning of the binary parameters bloc
{coded emitting frequency).

Par[34] is the binary value (format word) located at offset 34
from the beginning of the binary parameters blog
(sound speed).

Parf38] is the binary value (format word) located at offset 38
from the beginning of the binary parameters blog
{main oscillator frequency in kHz).

11.5 Extraction of other data values

DOP fites could also contain other data types as coded Doppler
frequencies. This is the case when the files contained modulus of
the echo, Doppler energy or power specirum values. In these
tases ihe dale values contained in a profile as no unit and there-
r’ore can be directly used. No conversations are needed.
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Note;

The data are also in a byte format, but without signed
oit except for | and Q signals

1.6 Extraction of the denth of a channel

The depth of a channel is given by its position in a profile. The
channel Iocated is the lowest depth is placed at the beginning of
a profile. The following equation can be used io extract the depth

Par[34] o [Par[8] +Par[74] o (i~1)]

Pmm [mm] =

where:
Par{g}
Pariiay

Par{24]

20 10%

is the binary value (format word) located at offset 8
from the beginning of the binary parameters bloc

is the binary value ormat word) iocated at offsel 74
from the beginning of the binary parameters bloc

is the binary value {format word) located at offset 34
from the beginning of the binary parameters bloc
{sound speed).

the channel number (starting from 1). The channel
number is associated with data value located at the
offset (i-1) inside a profile (composed of NB_PRO
bytes).
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11.7 Extraction of | and Q signals

When recorded data are | and Q Doppler signais a special format
is used. The first two blocs are the same but the last bloc, the bloc
that contains the binary recorded values is different. The length of
this bloc is defined by (M%Sx4) where N is the number of emis-
sions (binary parameter at offset 178) and S the number of record-

ed gates.

The structure of the record is;

i value from gate 1 {fower depth), emissiont
G vaiue from gate 1 (lower depth), emission 1
tvalue from gate 2, emission

Q value from gate 2, emission 1

{ value from gate S (last gate), emissiond
G value from gate S {last gaie), emission 1

} value from gate 1 (lower depth), emission 2
( value from gate 1 (lower depth), emission 2
I value from gate 2, emission 2

= 0 vzlue from gate 2, emission 2

tvaiue from gate S {last gate), emission 2
Q value from gate S (last gate), emission 2
and so on...until last emission

Each recorded value, | and Q, are in a signed word format,

Note:

The ASCH conversion program could also convert
these data in ASCH format.
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generic file name associated o a value of a recording counter.
The recording counter is initialized 1o 1 when entering in the Trig-
ger menu via the main menu and is incremented after each re-
cording process.

The automatic recording mode is selected if the function Auto
record is enabled and if the user has defined a generic file name.

fo-enable the function Auto record, from the main meny

- press C:Disk

- then A:file

- then D:Auto record

- then use the UP and DQWN keys to select "Generic
nama"

- then press ENTER. A new window is opened.

= Introduce the generic name {maximum 8 characters)
without extension.

- validate by ENTER

- press CANCEL go back to the main menu

After these steps the automatic record mode is enable. The exten-
Sion counter is set 1o 1, which means that the exiension of the first
recorded file will be “.1"

Note: if the first character of the generic hame starts with
the character “1” the Ext. Trig. connector will be en-
able when the velocimeter will jump again to the Trig-

ger menu. In all other cases, the Bt Trig. connector
will be dicabla,
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12 The Trigger mode

The acquisition process can be triggered by an exiernal event.
This event can be a change in the legic state at the Ext. Trig. con-
nector located at the rear paned or can be an action on the key A.

in Trigger mode the velocimeter executes one or fany acquisi-
tions sequences and jumps directly to the File menu from the Disk
menu and the end of the last sequence of acquisition in order to
record ali the measurements realized. This recerding process ¢an
execute automatically.

12.1 The trigger menu

The Trigger menu allows to defina the parameters refative to the
acquisition procedure in rigger mode. A record in trigger mode is
characterized 4 points:

- the trigger event

- the delay after the trigger event

- the acquisition of the data profiles
- the number of sequences

To enter in the Trigger meny, from the main menu:

- press DiUtlities
- then E:Trigger

You should then define the parameters of the trigger sequences.
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IMPORTANT NOTE

—

1. The Trigger event

The applied tension on the Ext. Trig. connector should not exceed
3 Volt or be negative!

The rigger event can be a change in the logic state appearing at
the Ext. Trig connector or an action on the key A from the Trigger
menu.

When entering in the Trigger menu, the Ext. Trig connector is dis-
able. This aliows the definition of the parameters defining the trig-
ger sequence. The Ext. Trig connector could enable "Ext. on” or
disable “Ext. off" by pressing the SELECT key.

In trigger mode the velocimeter can:

- continuously acquire data profiles and display these
profile without storing it in its internal memory {mode
With display).

- Stop the acquisition process and wait for a rigger
event {mode Waiting for}

When the mode Waiting for is selected the velocimeter stops the
acquisition process and waits umil 2 rigger event appears. This
mode allows a more stable and much shorter time laps between
the trigger event and the beginning of the acquisition procedure.
In this mode the minimum trigger impulsion is 30us and does not
depend on the seitings of the velocimeter.

¥When the mode With display is selected the velocimeter contin.
ues to acquire and display the data profiles but will not store them
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in its intemnal memory until the trigger appears. In this mode the
minimum duration of the trigger impulsion should about 4 to 5 ms
and could depends on the setting of the parameters. For this rea-
son a long trigger impulsion is recammended.

Note: After recelving and accepting the trigger event the
velocimeter does not check for an other event until
the end of the seguence.

Tha velocimeter informs the userthat a trigger gvent has been ac-
cepted by placing inside the key A the label “Trigger run”

For both mode, the trigger event could be & high legic level (+5
Vol) appearing on the Ext. Trig. connector which is indicated by
the label "+, or a fow logic level (0 Voif) which is indicated by the
label "-",

To select the trigger mode, from the Trigger menu:
. - press E:Trig. mode
- ihen use the UP and DOWN keys to select the de-
sired mode

2. The delay
Ater the acceptation of the trigger event the velocimeter could
skip a certain number of profiles before it starts to transfer them in
its internal memory. This number of skipped profile are define by

the key B,

To sefect the delay, from the Trigger menu:
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- press B:Delay

- then use the UP and DOWN keys o select the de-
sired value {in number of skipped profiles) or if an ex-
ternat keyboard is connected use the ENTER key.

3. The acquisiiion of the profiles

At the end of the delay the velocimeter starts to ransfer a user's
defined number of profiles in its internal memory. At the end of the
acquisition of the last profile the velocimeter stops the acquisition
process. If other trigger sequences have to be performed it re-
wrns to step 1 and walt for an other wrigger event. i the last trigger
sequence has be achieved, it Jjumps to the Disk menu in order to
record alf the measured sequences.

During the acquisition of the data profiles of a sequence, the sta-
tus window displays the profile number and the number of the
trigger sequence in progress.

To select the number of profiles in a trigger sequence, from the
Trigger menu:

- press C:Nb profijes

- then use the UP and DOWHN keys 1o select the de-

* sired value or if an external keyboard is connected
use the ENTER key.

4. The nuember of sequences

A trigger sequence is formed by a unique trigger event followed
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by an eptional delay and followed by the acquisition of a defined -
nunber of data profiles. The velocimeter aliows to repeat many
sequences before recording the measurements. This means that
a file could contain many sequences, one after each other.

To select the number of sequences, from the Trigger menu:

- press D:Repeat

- them use the UP and DOWN keys to select the de-
sired value or if an external keybsard is connected
use the ENTER key.

Hote: Take care that the memery size could contain the ad-
dition of ail profiles of each sequence.

12.2 Recording trigger sequences

The velocimeter offers to way to record trigger sequences. A man-
ual one and an automatic one.

in the manual mode, at the end of the last sequence, the veloci-
meter jumps directly to the Disk menu. The user is then asked to
introduce a file name and proceed the same way as when record-
ing a non-trigger measurement.

In the automatic mode, at the end of the last seguences the ve-
locimeter records automatically the daia profiles contained in its
internal memory in a file having a user's defined name and an ex-
tension number given by a counter.
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Selecting the manual recording mode

The manual recording mode is selected if the function Auto
record is disabled.

o disable the function Auto record, from the main meny

press C:Dislk

- then AFile
- then D:Auto record

- then use the UP and DOWN keys to select disable
then press CANCEL to return to the main menuy

in the manual mode the recording procedure follows exactly the
Same steps .as for non-trigger measurements. The user as the
possibility to associate to the file Comments if an external key-
board is connected. If the user decides to not record the mea-
surements he should press the CANCEL key just after entering in
the Disk menu.

Mote: After the file has been recorded, the velocimeter re-
i to the wrigger menu. The Ext Trig connecior is
disable after each fecording process.

Selecting the automatic recording mode

In the automatic mode, at the end of the last trigger sequences
the velocimeter recorde automatically all the segusnces Without
going through the Disk menu in a file name which is formed by a
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12.3 Some Important notes in trigger mode

The faw comments below shoutd be taken into account when se-
lection the trigger mode:

- When entering in the Trigger menu the Ext. Trig. connector is
always disable except when the automatic record procedure
has been selected and the generic file name starts with the
character 1",

- The infternal memory is initialized when the velocimeter enters
in the Trigger menu,

- The first profiie on a trigger record is always the first profile from
the first sequence.

- The paramieter Skip from the Memery menu is also taken into
account. it affects the rigger delay value.

- The value of the first time stamp on a trigger record gives the
delay between the first trigger event and the first recorded pro-
file. The time stamp is not initialize by the start of an other se-
aguence.

- The user can interrupt at any time a rigger measurement by
pressing the key CANCEL.

- Intrigger mode the median filter is disabled. The moving aver-
age filter consider only profiles inside a sequence.

- Intrigger mode the moving average filter consider only profiles
inside a sequence.

- Inwigger mode, the multiplexer is reset and the first transducer
is selecied at the beginning of each sequence.



Signal Processing

IMPORTANT NOTE

13 Using the velocimeter

This chapier is intended 1o point out some of the basic aspects of
tne use of the ultrascnic Doppler velocimeter.

13.1 installation of the ultrasonic probe

Uitrasonic probas are fragile. They must be handle with care and
they must not receive any shocks. The probe support must not in-
duce mechanical stress. Although the probes are waterproof they
should not be in contact with the fiquid for a longer time (many
hours}. o

Whenever possible it is always better to put the probe directly in
contact with the liquid. Crossing interfaces or walls induces re-
flections which reduce the amount of ulirasonic power injected in
the liguid and may disturb the ultrasonic field (see below «Influ-
ences of interfaces»).

The probe should be mounted in a rigid support which should
have some degrees of freedom in order to select an appropriate
position. When positioning the probe the points below should be
taken into account:

- & good position is a paosition with the minimum sta-
tionary echoes;

- when crossing intetfaces, the angle beitween the
probe auis and tha surface of the imterface must take
into account the maximusm refraction angle. This an-
gle is defined by the characteristic impedance of the
differant mediom in prasence.

- vibrations of the probe support should be avoided.
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When the ulirasonic probe is direcily in contact with the liguid it is
ot necessary to use any coupling medium. Be sure that the front
face of the probe is always in contact with the liquid and no gas
are present.

if the ultrasonic waves have to Cross a solid interface it is abso-
lutely necessary to use a coupling medium, It is net necessary to
put the probe in contact with the interface. The coupling medium,
which could be any ultrasonic gelor liquids, will guarantee a path
for the ultrasonic waves. The Goupling medium should be putin
engugh quantity.

Nete: it may be useful to start by handiing the probe by
hand in order to find a good position.

emall gas bubbles may appears afier a certain time
on the surface of the probe especially when the lig-
uid contains a lot of gas dissolved in it, These bub-
bles should be removed.

13.2 Choosing correct values of the configuration
parameters

The guality of the measurements depends on the choice of the
parameters vajues. [tis not possible 1o give a rule which guaran-
tee the best choice in any cases. Nevertheless the following ad-
vises will help the user to fing appropriate settings. We
fecommend to follow the procedure described below:

1 always start with the default values
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2 selectthe eiitting frequency that Comesponds fo the ultrasenic
probe.

3 select the TGC menu in order to examine the amplitude of the
echoes, if necessary reduce the gain and/or the emitting power
in order to remove any saturation,

4 If no velocity profile appears:

Iy to increase the sensitivity and/or the emitting power, It is rec-
cmmended to check the amplitude of the echioes through the
TGC meny;

§ be sure that the prebe angle has not exceed the critical angle.

6 be sure that no frequency aliasing appears. This can be
checked by changing the probe angle and/or modifying the
pulse repetition frequency. Be carefy when using the moving
average filier. This fiter masks the aliasing effect,

7 adapt if necessary the velocity offset

8 selsct the desirad resolution

9 select the desired maximum depth by changing if necessary
the PRF. When deing this take care of the aliasing.

10adapt if necessary the number of emission per profiles.,

T1apply a filter {mioving average or mediane) if possible o feduce
the variance of the measurement.

12define the memaory characteristic,

13define the number of channei to display

t4before recording a measurement be stre that the internal mem-
ory is ful (Butter:full)
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Figure 2

3.3 Influences of Interfaces

The interfaces reflect and modify the acoustic field. The intensity
of the acousiic field received in a point depends on the material,
on the shape and on the number of intefaces crossed by the ul-
trasonic waves, This means that it is often very difficult to have a
good knowledge of the ultrasonic intensity. This lack of knowl
edge does not aliow a precise determination of the size of the
measuring volume.

The interfaces may generate, in certain situations, artifacts and in-
duce modifications in the velocily profiles as presented in the fig-
ures 2 and 3 below.

Figure 3

e velocity

Ve
C
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The ulirasonic beam BG reflected by the far interface of the figure
2 vansforms this interface in a transmitter. The same particles
comtained in the liguid will backscater a second timie energy in
the direction to the transducer. The depth associated to the path
ABC is located outside the flowing fiquid. imaginary velocity com-
ponenis are added to the real velocity profile. The measurement

depth V/
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of velocities near the far interface is affected by this phenomenon.
The size of the ultrasonic beam determines mainly the fevel of this
artifact.

The figure 3 displays another situation often founded. The reflect.
ed ultrasonic waves inside a wall enlarge the ultrasonic beam in-
side the fiquid and modify its shape. These reflections disturb the
determination of the size and the shape of the Measuring volume.
The thickness, the acoustical impedance and the attenuation co-
efficient of the interface determine the fevel of this phenomenon.

Moving interfaces

Inteifaces often give srong reflections, Despite of the many re-
flections which are hecessary 1o reach the Transducer, the energy
reflected by these interfaces is often stronger than the energy
coming from the particles flowing with the liquid. When some in-
terfaces are in movement the correct estimation of ajf the velocity
field is more difficulr, The echoes generated by such interfaces
may affect the velocity profie in some places due to the combina-
tien of many reflections. The Doppler frequency induced by these
movable interfaces can not be removed if their values have the
same values as the flowing particles.
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14 Utilitles

The velecimeter has additional functions which control the acgui-
sitiGn process of the instrument.

4.1 The Frosze/Run mode

The Freeze/Run mode enables the userto interrupt the acquisition
process by pressing a key. This mode is controfied by the key £
from the main menu.

In Freeze mode, which is indicated by the text «Freeze» inside the
key.E, the velocimeter stops the acquisition process and keeps
the display of the iast measured profile. If the key E is pressed
again, the velocimeter go back in the Run mode.

i Run mode, which is indicated by the text «Run» inside the key
&, the velocimeter acquires and displays the profiles continuous-
Iy. This mode could be interrupted by the key E.

14.2 Print screen

The Printer menu gives access 1o a menu that allows the copy of
the displayed screen to 2 printer or to a file (format TIE F).

To realize a print screen copy, from the main menu;

- press DiUtlitles
~ then C:Primer
- then B:Printer type
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Mote:

- select the type of printer orthe copyto afile by u sing

UP and DOwN keys,
execuite the copy by Pressing the key A.

if you have selected o Copy to a TiFF file, a new win-
dow will be open. Inroduce the file name an termi-
nate the introduction by pressing ENTER. The file will
be recorded in the cuirent directory.

if no printer are connecied an error message will be
displayed.

if an externat keybsard is connected, the Prt Ser key,
Or print screen key, couid be used any time to create
@ hard copy of the displayed screen on a fileoron a
printer depending the type of printer selected,
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15 Flow rate measurement

The velocimeter can compuie and display in reai-time the flow
rate by integrating the velocity profile on a user's defined area.

The flow rate is computed by spatizily integrating the velacity pro-
file. The integration is carried out by summing the flow rates
through several small regions {indicated by the shaded region in
the figure), each of them corresponding to one measured chan-
nel. The velocity is assumed to be uniform throughout each re-
gion. The cross-seciion of the conduit is always assumed to be
circular, with a diameter equal to the spacing between the anterior
and posterior walt indicators.

The flows rate is given by:

N

——1

2
2inl
me” 81170 g s
Q= — v?‘_‘+v§+1+ Z{ (V1+VN—1+1) (N—2i+1)
2 i:

2 1

if the pseudo-diameter Bfsing corresponds 10 an even number of
cnannels,
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and by:
N—1
2
2 hin2
we SIMT6| 1
==V o v.+v., N—2i+1
Q 2 2 N+1TZ (1 N——1+1)( ' )
2 i=1

for an odd number of channels,

e Is the thickness of the semi-annular region and v the velocity
component pespendicutar to the cross section,

Note that these two relationships do not expiicitly contain the dj-
ameter. The diameter is only used to determine the number of
channets contain in the conduit.

A precise evaiuation of the flow rate is possibie only if the axes of

the pipe and of the ulirasonic fisld lie in the same plane, and if the
flow fleld is axially symmetric. The size of the ultrasonic beam
must also be much smalier than the diameter of the pipe.

Knowledge of the Doppler angie ¢ is necessary for the computa-
tion of the flow rate. The fow rate is based on the computation of
velocities in the flow axis. It is therefore necessary to compute
these velocities fiom the only velocity components measured by
the velocimeter which are the velocities in the direction of the ul-
wrasonic beam. The graph below tustrates the error intreduced in
the flow rate computation a5 a function of the Doppler angle, for a
few emrors in the input value of the Doppler angle.
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Error on the flow %
fror on the flow rate 7 Error on the Doppler
3 angle
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15.1 Placing the wall indicators

The diameter of the conduitis defined in an interactive manner, by
piacing on the velocity profile two indicators, one defining the po-
sition of the anterior wall, the other the posttion of the posterior
wall. The Cursor menu allows to move these indicators.

in order to place the wail indicaiors, frem the main menu:

- press B:Cursor

- then AFlow section

- then A:Move
pressing many times AlMove allows to choose the
object to be moved between the anterior wall, the
posterior wall, both walis or to change the diameter
value,
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- move the selected object by using the UP and
BOWN arrow keys, or if an external keyboard is con-
nected, press ENTER and introduce the desired val.
ue,

Note: the channel located at the position of the wall indica-
for belongs to the flow rate section,

15.2 Flow scals arel wpeit

The velocimeter aliows to display the flow rate in milifliter per
minute (mifmin) or fer per minute {min). By adapting the flow
seale flov rates could be measured between 1 m¥/min and 16384
Vmin {maximum scale).

To sefect the flow scale, from the flow menu:
- press C:Flow scate
- select the desired vaiue by using the UP and DOWRN
arrow keys,
To select the flow urit, from the flow menuy:
- press D:Unit

- select the desired value by using the UP and DOWN
- arrow keys.
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13.3 Selscting the flow rete display

The fey E:Display enabies to choose between two different dis-
plays, the display of the velocity profile and the display of the flow
rate versus lime,

At each new velocity profile corresponds a new calculation of the
flow rate. The ordinate of the displayed flow rate curve gives an
approximate value of the time between the different flow values. if
the time estimation is to far from it's real value, the time unit, nor-
mally ms, is replaced by a «7».

The cursor window, located below the abscissa, displays the flow
rate value in the chosen unit, mfmin or Ymin, A «?» indicates an
overflow value.

In order to select one of the two displays, from the main menu:

- press BiCursor
- then pressing the key E:Display will switch between
the two available displays.

Note: The Display menu also enables the selection of the
flow rate versus time display.

No filters could be applied directly on the fow rate
curve. Filters applied on the velocity profiles will av-
erage the flow rate curve.
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16 Measurement sample volume

In order to precisely locate the depth of the measurement, the
shortest possible signal emission should be used. Unfortunately,
increasing the spatial resolution decreases the accuracy of the
estimation of the Doppler frequency. The relationship between
these two parameters is presented in detail in this section.

Consider a pulse which has been received by a transducer, given
by:

R() = A@- t) sin [2Rfc (t— t)]

where At} is the envelope of the received impulse and 1, is the
time required for the signal to travel from the transducer to the tar-
get and back. For a periodic emitted pulse of period Tpst the echo
signal wilf be given by the convolution (denoted as x) of a train of
Dirac delta functions with the received impulse.

R = 3 8(t-nT 9 ®A(t—t,)sin[2af (t-1)]
N

The Fourier ransform of the above expression is:

o0

R{t) = cste }-:r {FA{fprf— fe)-*FA(fprf-’Lfe)}ﬁ(f*nfprf)

= —oo
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Reducing the length of the emitted pulse will reduce the signal to
roise ratio (SNR) of the Doppler signal if it is not possible o in-
crease the amplitude.

e et Sy

g ’ frequency

P

1
fe ‘,E'ﬁ—- fe fd 5 fe +:c1;_

fprf

The duration of the impuise determines the depth resolution by
determining the longitudinal size of the sample volume. The other
dimensions are determined by the beam pattern of the transduc-
afr.

Consider an imipulse of duration g as illustrated in the figure on
the following page. In this figure, the right portion of the horizontal
axis represents time, while the left portion represents the energy
of the received impulse. The top vertical axis gives the amplitude
of the emitted pulse, and the bottom the depth, The impulse prop-
agates in time along a straight slanted fine, with the slope being
the speed of sound.

Consider a measurement tme Ty, on the time axis. By drawing a
straight line which is perpendicular to the propagation line and
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R(t) = cste

oo

>

—C0

wheve csie is a constant and F, is the Fourier transform of the im-
puise envelope. The frequency spectrum of the above equation
generaied by 2 nen-moving target is given on the following page
by the heavy iine, assuming an impulse envelope of the form
séncz(&‘lfge),‘ T, = the length of the emitted puise.

The movement of the target alters this spectrum in a complex
manner. Each spectral component gets shifted according to the
Doppler effect by an amount proportional to its frequency. The
specirum becomes, in the case of moving targets:

. . 2vcosf
F, {fprf—- f)-F, (Iprf+ £)] 6(;(‘—11(1 -~ Tfprf))

This new spectrum is given by the thin lines. A target which is
moving at a constant uniform velocity wil generate a series of
Doppler frequencies. An accurate estimation of the target velocity
requires a narrow spectrum, and thus a long emitted pulse. Such
an emissicn will decrease the depth resoiution. A compromise be-
tween the length of the emitted puise and the depth resolution is
difficult to atialn, since the duration of the emitted puise deter-
mines the energy available in the signal. Fora given value of emit-
ted pulse energy, decreasing the duration of the pulse means that
the amplitude must increase. Unfortunately, it is impossibie to in-
crease the amplitude of the emited pulse bevond a certain
threshold without risking the appearance of unwanted phenome-
na such as cavitation.
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which passes through Ty, the depth resolution may be deter-
mined by the projection of the intersection of these two Enes on
the depth axis.

emitled signal
amplitude

T ! time
enerqy T ] N
N

Te
1
received - \\ ] d
N
resolution J \\

N\ ~ _impulse propagation line

N i
&
depth

The resclution is therefore:
C’Ea
Ees = -
4

and corespends o the mayimum attainable resolution for this
type of emission. The integration of the demodulated signal over
a time period 7 reduces the depth resclution, as shown in the fig-
ure by the broken line. In the case where 1 = 1, the energy dis-
tribution will be given by a triangle whose base measures ToC.

The demodulated Doppler signals must be filiered in order to
eliminate the frequency generated by the demodulation process,
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17 Spectiral content of the Doppler echo

The sample voluine in which the velocity is measured is of a finite
dimension, Each particle which traverses the ultrasonic beam
backscatter the acoustic waves for a short time. The duration of
the backscatiering time depends on the angle ¢f incidence as
wall 25 on the particle velocity, and is referred 19 as the ansit
time. If the fluid contains small pariicles possessing different
acoustic properties than the fuid, the echo signal amplitude will
evolve over tme depending on the passage of a group of parti-
cies through the sampie volume. This resulis in a modulation of
the echo signal which serves t© broaden its frequency specirum.
The signal is furither modulated by the non-homogeneity of the fiu-
id-particle medium. This spectral broadening depends on the ve-
focity at which tha particies traverse the ultrasonic beam. The
fugher the velocity, the faster the signat will be modulated and #ts
spectrum broadened. Since the Doppler signal is related to the
velocity, it is possible 1o evaluate the effect of the transit time as a
funciion of the Doppler requency. One of several researchers
who studied this effect was Newhouse [2], who estimated the
speciral broadening 8fy as:

5fd kA
— = —1tanf
fd D

where It is a constant beiween 2 and 3, depending on the ratio of
ihe intensity of the acoustic wave at its center 10 its intensity near
the periphery, A is the wavelength and D is the diameter of the ul-
trasonic beam. For example, with an emission frequency of 3 MHz
{% = 0.5 mm), a ransducer diameter of 10 mm and a Doppler an-
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which is equal @ twice the emitied frequency. The low pass filer
cut-oif frequency should be as low as possible in order to reduce
the noise, but not so low as to degrade the resolution.

Real Doppler signals always contain a certain amount of noise.
The cut-off frequency wiil naturally affect the SNR. There is an op-
timum value of the product of the bandwidth and the impulse du-
ration which will give the maximum SNR, provided the frequency
and temporal characteristics of the noise are known [1]. This val-
ve-also depends on the characteristics of the filter and the signal
i be filkered.
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18 Theoretical basis of the Doeppler frequency

gstimalion

The ampiitudes of the echoesreflecied by the pasticles within the
flowing fluid are somewhat random in nature, corresponding to
the random distribution of the particles in the fluid medium. Thus,
the Doppler signals may be treated as random processes, and
characterized by different moments. in order to he able to deter-
mine the probability of occurrence of this process, one must have
access to & great number of aciual occurrences of the process.
in praciice, it is difficult 1o obtain measurements of the exact same
piocess under the exact same conditions at several different
times. Therefors, a temporal average is preferable to an ensemble
averzge. The temporal average and the ensembie average will
not be the same unless the process is stationary and the analysis
time is very fong (tending W infinity). Considering the Doppler pro-
cess as stationary, the average frequency may be expressed as
the nomalized first morment, o

b{fS(f}df

jsm&

—oo0

where S{i) is the speciral density or probability density of the Dop-
pler signal.

The Doppler frequency calculation algerithm is based on the fact
that the inverse Fourier wansform of the probability density of a
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gle of 45 degrees, the spectral broadening is on the order of 10%.

The spectral broadening created by the modulation of the echo
signal ampliiude may alse be expiained based on gecmetric con-
siderations. The finite dimension of the szmple volume implies
that each particle contained within it is viewed from a slightly dif-
ferent Doppler angle. This results in a spread of Deppler frequen-
cies corresponding to this small angle change.

As the ulirasonic waves propagate, they encounter different
echogenic structures which may create echoes stronger than the
echoes from the particles within the fluid. Furthermore, these
structures may themselves be moving. Therefore, the echo signal
rnay contain & certain number of siationary and quasi-stationary
echoes of low frequency and large amplitude, as well as the ech-
oes from the particles within the fluid at higher frequencies but of
smaller amplitudes. The difference between the amplitudes of
these two types of signals may be 20 to 60 dB. For the case of
moving few boundaries, the velocity of the wall creates a Doppler
effect which must be filtered out. These low frequency compo-
nemts imay be eliminated by the wall motion filter. Unfortunately,
this bi-pass filter also diminishes the amplitudes of the already
weal Doppler signals coming from the particles within the fluid.
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18 Ultrasonic fleld

The generation of ultrascnic waves as wel! as their transformation
into an elecyical signal is of cbvieus importance to the quality of
the information which may be obtained concerning the flow field.

in Doppler echography, the object is not to make use of a plane
iongitudinal wave, but rather an ulirasonic beam that is as thin as
possible throughout the measurement depth. The geometry of the
acoustic field generated by the ultrasonic wave determines the
lateral resolution. The characteristics of the acoustic field depend
on the size and shape of the piezoelectric element for a single el-
ement ransducer, and on the combination of the individual emis-
sions in the case of a multi-element ransducer.

Using Huygen's principle, one may theoretically predict the ge-
ometry of the asoustic fisld. In this approach, the ransducer is
modeled as 2 combination of several adjacent point sources,
each generating a spherical wave.

For a circuler transducer of radius a operating in a piston-like
manner, the intensity of the acoustic field along the axis is given

by:
IZ 'nz[ﬁ( az %z?“ zﬂ
— S“ — - —
1 Y

where |, is the maximum intensity, Z is the distance from the trans-
ducer and A is the wavalength.
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stationary process is equal to the auto-correlation function {3l
The first moment 1, may be expressad in terms of the time deriv-
atives of the auto-correlation function at the origin:

d

5 X0
| @
T j2m R(0)

The auto-comelation funciion is estimated using the complex en-
veiope of the echo signal.
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23, (kasiny)

D () =
N kasiny

where J4 is the first order Bessel function of the first kind, and k =
25/, ihe wave number. This function has roots at (ka sinA) = 3.83,
7.62, 10.17, etc. and defines lebes. The angle of divergence of the
main lobe yis given by:

_ qin‘l(&éu)
Yo = & \ a

and is approximately 5 degrees. for the above example. The
acoustic energy contained in the secondary lobes is always much
smalier than that contained in the main lobe. For a circular trans-
ducer, the acoustic energy comained in the secondary fobe is 18
4B less than in the main lobe.
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The acoustic field generated by a transducer possesses two
characteristic regions, separated by the distance of the further-
most maximum of the above function. This distance is given by:

i
- 427 72
2= —
0 42
if a° >> A2, z, becomes:
2
a
z =
03

The zone between the transducer and zg is called the Fresnel
zone, or the near field. In the near field, the intensity oscillates
along the axis of the transducer, and the acoustic fisld is basically
cyiindrical with the same diameter as the transducer. The zone ly-
ing beyond z, is called the Frauenhofer zone or the far field. In the
far field, the intensity of the acoustic field varies as the inverse of
the square of the distance from the ransducer z, and oscillates in
the plane perpendicular 10 the axis of propagation. For a 5 mm
fransducer functioning at 4 MHz, the far field begins at a distance
of approximately 1.6 cm.

In the far field, the acoustic field may possess intensity lobes as
one moves away from the axis of the transducer. The relationship
betwesn the acousiic field imtensity and the angle off the trans-
ducer axis depends an e direcuvity funclon:
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The material most often used in the construction of ultrasonic
transducers is a piezoelectric ceramic. Ancther material which
may be usad is the pelymer polyvinylidene flucride (PVDF) which
possesses good piezoelectric properties, and has the additional
advantages of being more flexible and having a smalier acoustic
impedance than ceramic materials. PVDF is, on the other hand,
less efficient. With the advent of composite materials [6], ultrason-
ic fransducers have been produced which are as efficient as ce-
ramic materials and which have a small acoustic impedance.
They offer the advantage of a better acoustic coupling between
the transducer and the medium, as well as the ability (o produce
a shorter ultrasonic impulse, due to their relatively high coefficient
of absorption. A typical design is iliustrated below.

quarler-wave
layer

coaxial coble

ceramic )
backing meldl casing

The electrodes are positioned so that the ceramic operates in a
piston-like mode.

The wansfer of energy from the ceramic (medium 1) to the sur-
rouindings (medium 32} is determined by the characteristic imped-
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Table 1: Neasr field valus in nem

{c=1500 mis)
Frequency Transducer diameter in mm
Wil 2 3 4 5 8 10 12 16
N 0.6 1.5 2.6 4.1 10.6 16.6 24.0 42.7
2 1.3 3.0 53 | 83 21.3 33.3 48.0 85.3
4 2.7 6.0 307 16.7 42.7 66.7 96.0 170.7
5 33 7.5 13.3 20.8 53.3 83.3 | 1200 | 2133
8 5.3 12.0 21.3 333 853 133.3 { 1820 | 3813
10 8.7 15.0 26.7 41.7 106.7 | 186.7 | 240.0 | 426.7
Table 2: Directivity in degrees (half-angle)
{e=1800 mfs)
Frecuency Transducer diarmeter in mm
Wihz 2 3 4 5 s | 10 | 12 | 18
1 66.2 31.5 27.2 21.5 13.2 10.5 8.8 6.6
2 21.2 17.6 13.2 30.5 6.6 5.2 4.4 3.3
4 13.2 8.8 6.6 5.2 3.3 2.6 2.2 1.6
5 10.5 7.0 2.6 5.2 2.6 2.1 1.7 1.3
8 6.6 4.4 33 2.6 - 1.5 1.3 1.1 0.8
10 52 | 35 | 26 | 21 | 13 | 10 0.9 0.7
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The siectric energy transferred from the generaior to the probe
depends on their respeciive electric impedances. Adapting the
elecivic impedance of the transducer 1o that of the ganeralor us-
ing passive elements can optimize the transfer of energy. The re-
active component {xg) of the probe impedance (25 = £ + jxg) may
be eliminated with an inductance of L = X/o. An impedance
transformer assures the compatibiiity of the generator impedance
with the correctad probe impedance.

I
S
g

generator
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ances z of the two media, defined as:

zZ = pe
where p is the density of the medium and ¢ is the speed of sound.
By placing an additiona! layer between these two media, the en-

ergy transfer may be optimized. The acoustic impedance of this
middle fayer should be:

and its thickness:

4

e, = {72m—
¢, (Zn-D

4

where i is an integer and X, is the wavelength in the middie layer.

" This additonat layer, called the quarter-wave layer, is used in the

construciion of most ultrasonic ransducers.

The rear part of the wansducer {called the absorber or backing)
behaves fike a shock absorber whose efficiency depends on its
acoustic preperties. The choice of the material for the backing de-
termines the type of acoustic impuises which may be emitted by
the ransducer. For a highly absorbent material, most of the ener-
gy is absorbed, tending to produce a short emission. For a weakly
absorbing material, the energy at the rear of the ransducer is re-
wimed to the front face, thereby increasing the energy ransmitted
out into the medium.
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21 Applicetion software

The application software SIMUL allows the user:

- to simuiate the DOP10G0 software on a PC

- o visualize all the parameters associzied o a binary
DOP file

- to convert data vatues from a binary DOP file in ASCH
format

Naote: The application software could nat be executed on
the velocimeter.

21.1 Instaliztion of the application software
To instali the application software:

- insert the original floppy disl in our PC

- create on your PC a new directory ,

- capy beih files SIMUL.EXE and PEROM.522 located
in A:\LTY in the new created directory in your PC

To exscute the application software, go to the new created direc-
tory in strike SHUL.
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21.2 Selecting files

#]

in order to create ASCH files or to visualize the paramieters the
user must select the fites he would like to work with. The menu
FiGat files gltows the selection of the files. After pressing this
key, two small windows appear. The left window cortains the files
found in the current selected directory, which name is given un-
der Sslected directory. The right windows indicates the user's se-
jected files. The first step in selecting files is to select the
directory.

To select the directory, in the Get files menu:

- press Fi: Directery

- use the UP and DOWN arrow keys to place the cho-
sen directory inside the selection rectangie located
at the 1op of the displayed window and press ENTER
o selectit, or

- press F2: Parent direciory to go to the parent direc-
tory, or

- press F1:Change drive to select an other drive

- press FailRetum when the currert seleciad directory,
is displayed in the line above the window.

Alter seleciing the directory, the user can then select the files he
wouid Hie 1o work with.

To select the files, in the Get files menu:

- press F2:Switch uniil the selection reciangle ap-
pears in the source files window.
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- use the UP and DOWHN arrow keys to place a chosen
file to the sefection rectangle displayed at the top of
the scurce window.
if the selected flle is a binary DOP file the comment
found in that file { any) is displayed in the bottom
window.

- press Fi:Select to select it

= repeat e selection procedure for all the files that
have o be selected.

- return to the previous menu by F5:Exit

To remove a selecied file, in the Get files menu:

- press F2:5witch unill the seleciion rectangle appears
in the selected files window.

- usethe UP and DOWN arrow keys to place a chosen
selected file to the selection rectangie displayed at
the op of the source window.

- press F4:Remove 1o remove it

= repeat the procedure for all the files that have to be

removed.

21.3 Making ASCH files

The velocimeter record data values in a binary format. This format
ensures a minimum space requirement. The application software
SIMUL, could convert these data in an ASCII format, which may
help the user in the analysis of the measured data profiles and
other values.
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This scftware exiracts the values for a portion of the data profiles
and for a given number of profiles. The extracted values may be
corwerted in different units (Hz, mmfs or without unit) and are
stored in a new file in ASCIH! format. The application software also
aliows to compute the mean profile, the standard deviation and
the maximum and minimum values.

The chosen portion is defined by selecting the numbers of a first
and z last channel. For sach profile cormesponds a line of ASCH
numbers in a fioating point format (o) which are separated by
a user's defined character, The extraction procedure is realized
for ail the prafiles inside the user's defined fimit,

The converted data are recorded in a new file. This new file has
the same name as the source file and have a user's defined ex-
tension. Generally this new file, in ASCH format, has a number a
celumns.equal to the number of channels inside the chosen por-
fion of the profile plus 3 last column which gives the acquisition
time of the profile in milliseconds. The number of lines is equal to
the number of converted profiles plus a first line which gives the
depih of the selected channels in mm. This first line does not ap-
pear when the extracted values are flow rate vajues.

The figure below displays the comemnt of an ASCY fils generated
by the program SIAUL.

o create ASCH files

- start the program by typing SIMUL
- press F2: Analyze data
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extension for destination

extract ...

floating point characier

character 1o separate coiumnmns

should be contained in the internal memory during
the acquisiticn, the sofiware indicates the number
the {ast founded profile.

The conversion setiings are memorized in a file Sk
MUL.CFG.

The conversion paramelers

The converted {lle name has the same name as the input file name
but has a different extension. The extension could be formed of
ub W 3 characlers. These three characlers are defined in this
field.

inroduce € if you want to extract a data profite {velocity, echo or
Doppler energy;

introdiuce 1 W exiract only the flow rate values. The resulting file
will give 2 columns, the first giving the flow rate values in the unit
contzins in the file and the second column the tme inms;

introduce 2 to extract the echo or Doppler energy from a binary
DOP fites which contains both velfocity profile and echo or Dop-
pler enérgy profile.

in trigger mode an additional column gives the number of the trige
ger sequence.

this parameter defines the character used to separate the integer
from the fraciional part of the numbers.

The user can choose between 3 ASCH characters 1o separate the
columns. The choice are:
0 for tabulation
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13.1
74.0
54,0
81.0
94.0
85.0
77.0
82.0
62.0
88.0
71.0
85.0

13.5
38.0
87.0
§7.0
87.0
85.0
80.0
80.0
68.0
88.0
82.0
$1.0

13.8
§7.0
94.0
7.0
97.0

. 88.0

80.0
91.0
§8.0
88.0
82.0
a7.0

14.2 14.6
97.0 -840
1.0 £3.0
94.0 g1.0
91.0 88.0
88.0 85.0
82.0 85.0
£8.0 85.0
71.0 81.0
88.0 850
32.0 280.0
100.0 1020

15.0
2.0
7.0
12.0
17.0
80.0
85.0
80.0
95.0
155.0
160.0
165.0

A

A

0.0 -~=}——— Thisline gives the depth of

1.0
1.0
1.0
1.0
2.0
2.0
2.0
2.0
3.0
3.0
3.0

b

the selected channeis in
mm. The sound speed val-
ue contained in the pa-
rameters is used to
compuie theses values

This column gives the number
of the Trigger sequence. This
column only exists in trigger
mode.

This column gives the time
stamp or the time at which the

profile was acquired.

oress F1: Get fies
seiact the desired files 1o be converted
{ses Seleciing files)
then press F3: Make ASCH files

fili or madify e conversion parameters (see below
for their definition);
to select a parameter use the UP and DOWN arrow
keys and type the desired value for the parameter;
the backspace key will erase a character.

press F1: Execute to convert the selecied files

During the conversion process the software informs the user of
the result of the conversion.

Pt

I the sranbor of profiles centained in the binary file

does not corresponds to the number of profiles that
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!\;

character io separate lines

Unit

apply filter
Zero vaiues

first channel

1 for space

2 for comma

The user can choose between 4 ASCH characters to separate the
lines or prodies. The chaice are:

0 for tabuiation

1 for space

2 for line &

3 for carriage retumn followed by a line feed

Tre converted ASCH values can have different unit. I the user se-
lects:

O the converted ASCH values will be frequencies in Hz;

1: the converted ASCH values will be the velocities component in
the direction of the ultrasonic beamt in mm/s; the depths are mea-
sured in the direction of the ultrasonic beam.

2:the converied ASCH vaiues will be the velocities componentsin
the direction of the flow defined by the Doppler angle in mm/s; the
depths are measured perpendicularly to the flow axis.

3: the converted ASCH values will be the binary values. The offset
value on the velocity is taken into account.

Tha recorded binary values contained in the source files does not
taka into account the moving sverage or median filter. The value
of this parameter enables to apply (value=1) or not to apply (val-
ue=0} the filter chosen when the measurement was realized.

it the moving average were chosen during the measurement, zero
values could be included or rejected. Introducing a value of O will
nclude zero values in the computation, and introducing 1 will re-
Jject the zero values.

Select the number of the channel from where should begin the
conversion. The introduction of the character * will always take the
first channe! available from the DOP binary file:
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last channal

first profiie

last profite

Compute mean vélues

Select the number of the channel from where should end the con-
version. The iniroduction of the character * will always take the
last channel available from the DOP binary file.

Select the number of the first profile to be converted, The introduc-
tion of the characier * will always take the first profile of the DOP
binary file.

Select the number of the last profile to be converted. The intrg-
duction of the character * will always take the last profile of the bi-
nary DOP file.

i a value of 1is selected, the ASCH output file will contain only the
depth fine, the mean data values of ali the profiles between «first
profile» and «last profile», the standard deviation and the manxi-
mim and minimum values of the converted values, and the mean
time between profiles.

wiih tegendif a value of 1 is sefecied, the ASCH output file will con-
tain the ASCH part of the binary source file plus additional leg:
ends.

21.4 Extracting | and & Doppler signals

If the binary DOP file cantains | and Q signal, the following param-
eters are ignored

- exiract, automaticaily selectto 0

- Unit, avtomatically selectio 3

- filter, automatically selecto 0

- compute mean, automatically selectio 0
- with legend, automatically selectto 0

The first line of the ASCH output file will contain the depth of the
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charnel inthe direction of the US beam. Odd columns will contain
{ values and even columns the Q values. The izst column will con-
tain the aoquisidon dme of the | and G signals.

21.5 Display of the parameters of a DOP file

The appiication software couid display all the parameters used
during the acquisition, These parameters are extracted from the
binary DOP file.

To display the parameiers

- start the program by typing SIAUL

- press F2: Analyze data

= prass P Gel files

- select the desired files to be converted
(see Selecting files)

- then press F2: View parameters
the UP and BOWN arow keys could be used to
scrolf up and down.

The function key F1:Mext fle aliows to display the parameters from
the riext selecied files and the funciion key F2:Previous from the
previous selected files.

Pressing F3:Other files aliows to select other files and F5:Exit re-
turn o the selection menu

The function key F4:Save allows to create an ASCH file containing
the values of ali the parameters.
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-

21.6 Simulating the velocimeter

..

The simulation software enables the user to run the software of the
velocimeter on a PC computer. This software simulates the
DOP1000 and enalbies the user o visualize measurements in re-
play mode (cine mode). The simulation sofware is conrolied the
same way as the velochmetar.

Nate: As no real data are measwred, the simulation soft-
ware displays a fictive profile which has no meaning.



B

Signai Processing

=

22 DOPI000 software Instaliation and updat
nrocedirs

k’»mk

Ainternal FC compatible computer controls the velocimeter. This
compitier works the same way as a normal PC. The operating sys-
tem of the velscimeter is DR-DOS version 7.0

MNormally the sofiware has already been installed and the only
thing you should do is 1o keep the original floppy disk in a safe
place!

If you need to re-instafied the software of the velocimeter, due to
a new update for instance, follow the simiple procedure below:

- exit the DOP1000 software by pressing Control C
{CTRL C)

- place the floppy disk in the velocimeter

- type ANUPDATE. The undate procedure will:
copy the files HDOP.EXE and PEROM.522 in directo-
Yy C:A\DOP.

update the analog board i necessary
- check the file AUTOXEC.BAT. The last line should be

HOGP

22.1 lmproving the velocimeter

Using additional memary

¥ the velocimeter contains more than 1 Mbytes of memory it is
possibie to use the extended memory and increase by this mean
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the maximum number of proflies that could be recorded.

in ordar to use the exiended memory the velocimeter should cre-
aie a viriwal disk before starting the software HDOP. The DR-DOS
operating system contains a software that creates such a virtual
disk. To use k, you should add io the CONFIG.SYS file the foliow-
ing line:

DEVICE=CANWDOSWDISK.S5YS xxx/E
whers 30X is amount of memory used in kbytes.

The sofiware of the velocimeter will recognize the virtual disk and
wiiil use it i necessary.

Hote: The performances of ihe velocimeier could be in-
creased by adding the following command to the
AUTOEXEC.BAT fils.

MODE CON: RATE=32 DELAY=1

This command Increase the reaciion time of the key-
board.
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24 Ultrasonic data

Data frem Alan R. Selfridge , IEEE Transac. on Sonic and Ultrasonics, Vol SU-32, No3, May 1985

V|=longitudinal sound velocity [mfs], p= density, Z= acoustic impedance [MRayls=(kg/{sxm?)x10%]

Material

Aluminium rolled
Araldite 502/856 20 phe
Araldite 502/956 50 phe
Araldite 502/956 90 phe
Beryflium

Bismuth

Brass 70cu 30 Zin

Brick

Cadmium

Carbon vitreous
Copper rolled
Duraluminium 175
Epotek 301

Fused sliica
Germanium

Glass pyrex

Glass quartz

Glass silica

Glucose

Gotd

Granite

induim

fron

iron cast

Lead

Lithiumn

Magnesium

Marble

Molybdenum

Nickel

6420
2600
2130
1520
12839
2200
4700
4300
2600
4260
5010
6320
2640
5960
5410
5840
5560
5800
3200
3240
6500
2560
&S00
4600
2200
7080
5800
3800
6360
5600

2.70
1.39
1.5
8.40
1.87
9.8
8.64
1.7
8.6
147
25
2.79
1.08
2.20
5.47
2.24
2.2
2.2
1.56
18.7
4.1
7.3
7.69
.22
112

1.73
28

10.0
8.84

Zy

17.33
3.52
114
12.81
24.10
215

7.4
24
£.26
8.0
17.63
2.85
131
28.6
3.3
iz
13.0

63.8
26.8
8.7
46.4
33.2
248
33.8
10.0
10.5
63.1
49.5

Solides and Epoxys

Material

Paraifin

Polyester casting resin
Porcelain

PVF2

Quartz x cut

Rubidium

Salt crystalline x direction
Sapphie, aluminiuim oxide
Scotch tape 2.5 miils thick

Silicon very anisotropic approx

Silicon ¢arbide
Silicon nitride
Silver

Siiver epoxy
Steel mild
Steel stainless
Stycast
Tantalum
Teflon

Tin

Thanium
‘fracon
Tungsten
Uranium
Vanadim
Wood cork
Woced pine
Zinc

Zinc oxyde

Vi p 4

3260 214 698
2280 107 2.86
5900 2.3 13.5
2380 179 42
5750 265 153
1260 1.53 1.93
438 217 10.37
1118 398 44.46
1900 1.16 2.08
8430 234 197
6660 138 918
1.0 327 36
3600 106 380
1900 271 514
5900 7.8 46.0
5790 7.89 457
2220 199 254
4100 16.0 54.8
1380 214 297
3300 448 273
6100 4.48 273
2970 162 4.82
5200 184 1010
3400 185 63.0
6000 6.03 36.2
500 024 012
3500 045 1.57
4200 7.0 286
6400 568 36.4
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Material

ABS

Acrylic plexiglas
Acryiic plexiglas M1-7
Adiprene

Bakelite

Ceflulose Butyrate
Delrin

Ethyl vinyl acetate
Neoprene

Mylar

fdaterial

Acetate
Acetone
Afcoho! ethang!
Benzene
Benzo}
Carbipol
Chioroform
Ethanol amide
Ethyl ether
Freon

Gaifium at 30 degrees
Gasofine
Glycerin

Glycol

Honey

Kerosenc

Vi

2230
2750
2610
1680
1590
2140
2430
1800
1800
2540

1270
1180
1207
1285
1339
1460
987

1724
985

716

2870
1250
1904
1480

2030
1324

1.03
1.19
1.18
1.16
1.40
119
1.42
0.94
1.21
1.18

0.871
0.891
0.79
0.87
0.878
0.988
1.48
1.018
0.713
1.57
6.09
0.803
1.26
1.019

1.42
0.81

Z

231
326
3.03
1-94
3.63
2.56
3.45
1.69

3.00

1.02
1.05
0.95
112
116
1.431
1.47
1,755
0.703
112
17.5
1.00
2.34
1511

2.89
1.072

Plastics

Liguides

Material

Nylon 6/5

Polycarbonate
Polyethylene
Polyethylene high density
Polyethylene fow density
Polyprepylens
Polystyrene

Polyurethana

PVC

Vinyt rigid

Material

Mercury at 25 degrees
Cit baby

Oil £oia

Oil mineral

Ol olive

Oil SAE 20

Oil silicon

Oil transformer
Tiichiorethylene
Water at 20C
Water 3t 25C
Water at 30C
Water at 60C
Water salt 10%

Water salt 20%
water sea at 25C

Y

2900
2270
1950
2430
1950
2740
2320
1700
2380
2230

1450
1430
1460
1440
1445
1730
960

1390
1050
1480
1496
1509
1550
1470
1600
1531

1.7

1.22
0.90
0.96
0.92
D.83
1.04
1.10
1.38
1.33

13.5
0.821
0922
0.825
0.918
0.87
0.818
0.92
1.05
1.00

1.00
1.00

1.025

Z

4.93
2.77
1.76
2.33
1.79
2.40
2.42

3.27
2.96

19.58
1.17
142
1.19
1.32
1.51
0.74
1.28
1.1
7.483
1.494
1.509
1.55

1.569
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13
Filter menu

14
TGC Slope

15
TGC Custom 1

AFilter type ~————
l mediane |
E:Based on
[a !

B:Type ->15
Slope
C:8tart valuz
3Ra8 l
D:End vaiue
[ A0 a3 l
E:Digplay.
Profile

B:Typo ->14
I Gustom
C:Start depth 47
30 mim 14 us I
D:Value
[ 36 dB
E:Display
[ Profile

6
Ulititles

17
TGC Custom 2

18
TGC Custom 3

19
Veloclty

-A:Cina mode
Quit cine mode
B:Clne speod
! Stegbx-segp:
[C:Primer —— L]
[D:Mu!ﬂplexer———_:j -»25
(EFrigger ————— >28

20
Siatistic

Coestom ™
[C:gﬁ ::epma;:_[ ->18
Ciae ]
=~

B:Type > 44
! Custom
C:iove csl =15
139 mm 1245us
D:Value
[ 3808
E:Display. ¢
Profite l

C:Vimax
45 mmis ]

D:Offsat
l 24 l

E:PRF.
I 100 mm  124.5us

B:Gate

[ Pogition l
C:Used values

[ 128

E:Dispay
I Histogramme l

2
Flowy

22
Display scale

£i:f3ove

l Dlameter
B:Cursol
Onfoff
C:Flow scale

[ a192
D:Flow unit:

[ [ a1
E:Dispiay

[ Profile

B:Scale
X4 ]

S

23 24
Other display V()
—A:Conalaﬁon::] ~>30 pAsPrint screen ——
B:v() 24 B:Cursor
Onleff
[ G:Channel FFT —— ->29 i
[—D:Tnme FFT — ->33 D:Display
l profile
{-E:O&her — ->34 E:Function
l Freeze }
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25 Table of available menus

1 2 3 4
Rlain menu Settings Parameters Parameters deof, 1
pASettings ——— >2 rAcParameters ——— >3 pA:Define————— >4 ANEXT =5
ﬁCursor——ﬁ =9 [Eb >13 rB:Befine alf ——— B:Start ot
K 0.3wim __ 0.4 us ]
[EDisk——————— > 40 [ G:Cempute —>8 &Sﬂa_\fe—:l >7 C:Resolution
‘ 8.3mm 04 us
(B:Utiitties ————— 15 BIEC———— >4 2:Recall ————— >7 [D‘Sﬂ"s“‘v"y:
) medium
E:Fonction [EVelogity ™ ——1>19 cE:Default —— E:PRF
Froeze [ 1066 mm 124.5 us ]
s 8 7 8
Parameters deaf. 2 Paramoiers deof. 3 Parameters memo. Display
L. 0 —— AHEXT 31 A:Profile
[E‘“‘""”"’: [t ] (B:Do save———y i —
medium 60 degrees .
C:Frequency [C:Sound speed —— ->32 C:Do recall [c_:E'L'QY-_:—_—] -»22
6 Rtz ! e
D:Burst langth D:Unit me"_:I
1- B cycles M
E:Prilprofile Filllax gates £ E:Other————— >23
[ 425 I )
9 10 14 12
Cursor Bisk Disk Flle Disk Directory
[AiFlow section —— 21 AcFila —— 1 pAsStore—————y ARemove — )
B:Cursor B:Directory — 12 B:Recall B:Change drive
[y il A |
onfoff B
m“"e“} Al —— (Cesave —————y
UpDown

LD:: :?xckimgg—-“l
[E:Sﬁaﬁsﬁc “j ->20

rD:Auto recond —-—
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28
Trigger

B:Cursor.
l On/OfF }
C:FFT average
I % profife ]
:Display
Broflle

E:FFT based of
[ 128 poinis ]

33
Time series FFT

A:Trig. status
Ready, Ext. off ,
B:Delay
! 1, 76ms ]
C:Nb profiles
128, i5s
E:Trig, mode
l Walting for +

3z
Sound speed

B:Select cursol
l CHrsor 4
C:llength——0—
32
:Display
£+
E:Functio
L Run ’

25 25 27
Muktiplexer Printer Famory
[A:Deﬂna :] [A:Print screen———
[ B:Force : [B:Saisct printe&-—] B:Skip
0p, 128 ms
rc:Mode —— C:Nb profiles
Hultiplex:on 4096 255
D:From channel
l 45 ,87 mm ]
E:To channgl
100 96 mm
23 30 . 31
Channal FFT Correlation. Paramsters def. 4
f—;:Window rA:Print screen———
nons

[Biemory ———— >27

ATGC
I 36d8
B:Cursor
I onlofi I
C:Sat valu
1482 mis
[D:Qi_stance used:]

EE:ResetIstart:

34
Other

rA:Print scregn ——
B:Cursor
1 on profile
rC:Length
64
D:Sampling freq. !:;;_'
E:Digplay
i Prof. + FFT ;!! ]

rA:Got ! and Q: ->35

35
Getland Q

B:Range
BDepth ]
END emissions :J

rE:Record now——-
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Emission
Emitting freguency

Emitting power

Number of emitted cycles

. Puise repetition frequency

Reception
Number of channels
Acquisition window
Amplification (TGC)

Slope mode

Custom mode

Resolution
b ateral resolution

Longitudinal resolution
Dispiay resolution:

Velocity resolution

26 Technical specifications

Model: 1032

8 MHz, 4 MHz, 2 MiHz and 1 MHz

Instantaneous maximum power for setting:
low = 0.5 Watt

medium= 5 Walt

high= 35 Wait

2, 4 or 8 cycles
248 selectable values between 2040 ps and 64 ps, step of 8 us

variable between 224 and 10, step of 2 channels
defined by the position of the first channel, movable by step of Tus

exponential amplification between two defined depth values
value at hoth depth variable between -40 and +40 dB

uniform amplification in a cell defined by the user between
~40and +40 dB
position and size of the celi variable by step of 3 mm {c=1500 m/s)

defined by the acoustical chiaracteristics of the transducer .

1.2ps or 0.9 mim, minimum values
{c=1500 mfs, appioximate value, defined at 50% of the received)

distance between the center of each sample volume
0.375, 0.75 and up to 24 mm by step of 0.75 mm {c=1500 m/s)

maximum = 45.77 mmy/s; minimom = 0.045 mm/s {c=1500 ms)
Doppler frequency given in a signed byte format.
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Ultrasonic processor

Doppler frequency

Number of emission/ profite
Deteciion level
Acquisition time / profile

filters on profiles

Madrmum velocity

Memaory
internal memory

Disk

Configuration parameters

Running mode

Computation and display

Statistics

computation based on a comelation algorithm
RF demodulated signals filtered by low-pass (220 kHz) followed by an iR high--
pass filter {cutoff frequency depending on PRF)

between 8 and 512, any values
5 levels of the received Doppler energy may disable the computation

minimum; about 3 ms

real time moving average:

based on 2 {o 1024 profiles

zero values included or rejected
real tima median, based on 2 to 32 profiles
5.85 m/s for bi-directional fiow :
11.72 m/s for uni-directional fiow (for 1 MHz (c=1"50D m/s)
variable positive and negative velocity range.

variable size, memorization from 16 10 32768 profiles

recording of the data profiles and parameters on a 3 1/2” floppy.
or on hard dist
DOS compatible format

5 saved configurations

velocity profite

Doppler energy

echo modulus

velocity profile with echo modulus or Doppler energy

flow versus time (maximum scale between 1 m¥/min and 16384 Umin)
velocity versus time

histogram

Powsar specirum of one gate

FFT of a time series of velocities

intercorrelation between 2 gates

computation in real ime of the mean valve, standard deviation and histogram of
the velocities located in a usei's defined portion of the velocity profile
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Cursor

Trigger

Utilities

Velocity component

Replay mode

Others

Power supply
Humidity
Temperature
Slzes

Weight

Options

Externat keyboard

iultiplexer for 10 probes

Sound speed measuring unit

Etharnet adaptor

display the velocity and depth value, tracking mode (follow the displayed curve)
definition of a circular section used for the flow raie calculation {integration of the
velocity profile).

by external signal, change in the logic staie (TTL/CMQS level)
by keyboard action

selectable delay between 1 and 16384 profiles

selectable repeated acquisition procedure of bloc of profiles
autematic recording procedure

freezelrun mode
print screen an printer or on TIFF file

automatic computation of the projected velocity component

replays a recorded measure from the disk

220 VAC 50 - 60 Hz
=< 80%

5 - 35 degrees
48x%42x17 cm

13 Kg

Deptiis znd velosities computed in the direstion of the utirasouwnd beam
Specifications are subject to change without previous notice
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A The sound speed measuring unit

The unit allows to measure the sound speed in a liquid by mea-
suring with precision the time that is taken by an ultrasonic burst
to propagate over a define distance.

A1 Before using it you should first:

- Install the probe.
Any DOPI000 probes having an external diameter of 8.3mm
could be installed in the unit.
To instail it, put a little silicon grease on the probe and introduce
it slowly in a rotation movement.

- Install the micrometer
- i not already installed, do the same way as for the probe, and
fixe it with the screw located at the bottom of the unit.
CAUTION: Do not screw on the screw strongly!

- Filf up the unit with the figuid up to the top.

A2 Starling the measurement

- Set the velocimeter with the correct working frequency (fre-
quency of the used probe)

- Go o the sound speed measuring menu by pressing from the
main men:

- ASettings
- A:Parameters
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- A:Define
A:Next
- A:Next
C:Sound speed

¥

The velocimeter dispiays the received echo. You shouid set the
TGC gain in order to remove any saturation. To do this:

- press A;TGC

- then use the UP and DOWN keys to select the de-
sired value of the TGC.
Reducing the emitting power may be necessary!

You shouid see the echo from the end of micrometric screw.
Place the cursor in the middle position of the echo. To do this:

- press B:Cursor
- thenuse the UP and DOWN keys to move the cursor

You must then define the distance used to measure the time of
fly of the uitrasonic burst. This distance must be set in order to
keep the cursor inside the echo of the micrometric screw when
this screw is moved. The level of the echo should vary no more
than 50%. In most cases a distance of 1 millimeter is a good
choice.

- You should then start the measurement process. To do this:

- press E:Reset/start
The cursor window displays a ? in front of the mea-
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sured value.

- then turn slowly the micrometric screw exactly over ~
the defined distance, the distance given inside the D
key.

- The displayad value in the cursor window is the measured
sound speed value. ' :

- The measured value could then be introduced inthe DOP10G0
- parameter. To do this:

- press C:Setvalue
- then press ENTER and input the measured sound

speed vaijue.

Note: It is suggested to realize many measurements for dif-
' ferent positions of the cursor and for different values
of the measuring distance. A statistical value could

then be computed.

A3 Cleaning the sound speed measuring unit

it is recommended to clean the unit after each use. The transduc-
er and the micrometric screw should be removed, cleaned and
dried. The micrometer could be re-installed in the unit afier clean-

ing.
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B The muliiplexers
B.1 Software installation

In order to use the multiplexter you should first install the software
that will control it. This sefiware is contained in the floppy disk de-
livered with the multiplexer (or the velocimeter #f delivered at the
same time).

In order to install this software follow the simple procedure below:

- exit the DOP1000 software by pressing Control C
{CTRLC)

- place the floppy disk in the velocimeter

- type ANUPDATE. The update procedure will:
copy the files HDOP.EXE and PEROM.522 in directo-
ry CADOP,
update the analog board if necessary

- check the file AUTOXEC.BAT. The last line should be
HDOP

B.2 Hardware installation

The next installation procedure is to connect the multiplexter to the
velocimeter. To do it:

- connect the transmission cable coming out the muf-
tiplexer to the RS232 input of the velocimeier;
- connect the multiplexer pewer supply;

- connect the output of the multiplexer marked OUT to
the transducer input of the velocimeter;
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- connect the ransducer tc the inputs of the multipiex-
er marked iN17 and IN2 etc.

B.3 Enabiing the multiplexer

The multipiexer is controiled by the velocimeter by means of the
RS232 serial port. The software enables acquisition procedures
based on defined numbers of profiles acquired from each trans-
ducer connected to the multiplexer.

When the multiplexer is activated, the acquisition procedurs fol-
lows these steps:

- acquire the defined number of profiles on the first
transducer,

- then switch io the next transducer,

- acquire the defined number of profiles on this next
transducer,

- If the number of profile of the next transducer is O or
the last transducer have been acquired, switch back
to the first transducer.
otherwise repeat the 2 last steps.

In order to enable the muitiplexer:
- from the main menu select the Utiliies menu by

pressing the D key.
- select the Multiplexer menu by pressing the D key.
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Hote:

- DBefine the number of profiles that should be ac-

quired by pressing the A key. A window is displayed
in the center of the screen.

use the arrow keys UP and DOWN to move the point-
er {0 the channel that must be defined.

select the channel by pressing SELECT. The value of
the number of profiles that corresponds to that chan-
nel is than surrounded by a rectangle;

modify the value by using the UP and DOWN arrow
keys or by pressing ENTER return if an exiernal key-
board is connected to the velocimeter;

memorize the modification and enable the selection
of an other channe! by pressing SELECT;

when all the desired channel have been setup, leave
the menu by pressing CANCEL.

select the muliiplexer mode by pressing the C key
and then the UP and DOWN arrow keys.

When the multipiexer is enabled the status window
displays the number of the active ransducer.

An acquisition in multiplex mode could be used in
conjunction with the trigger mode. In such a case the
first transducer is always selactad aftor the trigger
signal and the defined number of profiles for the first

# fanamn
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transducer will be acquired before swiiching to the
next transducer.

The velocimeter allows to the user to select only one of the con-
nected transducer without enabling the multiplex process. Thisis
realized through the key B:Force.

To force the seleciion of one transducer, from the multiplexer
menu:

- press B:Force

- then use the UP and DOWN keys to select the irans-
ducer.

- press CANCEL to exit and validate the selection.

Mote:  This function allows to visualize the data profiles on
all the connected transducers. it also should be
used to check if the current seltings are correct as
the settings are the same for all transducers.

B.4 Structure of a record in multiplex mode

When the multiplexer is enabled, each recorded profile contains
a word which indicates the transducer attached to the corre-
sponding profiie. The position of this word inside a profile patiern
is indicated by the table below

MB_PRO is the number of byles used by each profile {constamnt)
which is given by the word located at offset 104 in the table of the

binary parameters.
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Strueture of one profile

offset

NB_PRO - 10

NB_PRO -8

description

These bytes give the coded Doppler frequen-|
¢y, the coded modulus or the coded Dopplen
energy.

word reserved for the multiplex mode.

Bit 0:0 if multiplexer disabled

1 if multiplexer enabled

bit 1:1 if selection is forced on a transducer
bit 2-11:number of the associated wansducer]

(1.)

4 bytes that give the flow rate vaiue in the se -

lected flow rate unit {mifmin or Vmin).

B.5 Extracting ASCH values from 2 binary data file

The application software SIMUL, which could convert the data in
a ASCll format, helps the user in the analysis of the measured ve-
locity profiles and other values.

if the multiplexer was enabled during the acquisition the conver-
sion program adds an ASCH celumn st the far right. This column
indicates the number of the associated transducer attached to the
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Number of input channels
Switching time on o off
Swiiching time off toon
Contact resistance
Maximum switching rate
Life expectancy

Power supply inptt

Operating tempsraiure

B.6 Technical specifications

10-{for DPO610), 4( for DPLH04)
0.1 ms

95 ms

0.2 ohm

10 Hz {recommencded)

10° cycles (approximate value)
9Vah DC

10-40 degrees



Signal Processing

data found in the line. The figure below gives an example of such
a conversion for an acquisition using also the trigger mode.
Example of an ASCH conversion in multiplex mode

13.8 14,2 14.6 15.0 0.0 0.0 0.0 13— This line gives the depth of
87.0 97.0 94.0 2.0 18.2 1.0 1.0 the selected channels in
94.0 91.0 88.0 7.0 18,22 1.0 1.0 mm. The sound speed val-
97.0 94.0 91.0 12.0 18,24 1.0 1.0 , ue contains in the parame-
97.0 91.0 83.0 170 . 1828 1.0 1.0 tme:sfs‘ﬁ:;g compute
88.0 88.0 85.0 80.0 18,28 1.0 1.0
80.0 82.0 85.0 85.0 18,30 1.0 1.0 ) )
910 88.0 85.0 80.0 18,32 1.0 2.0 . This Column gives the number
68.0 71.0 91.0 95.0 18,34 1.0 2.0 of the associated transducer
88.0 88.0 85.0 1550 3342 20 20 when the multiplexer is en-
82.0 82.0 80.0 160.0 3344 20 20 abled. itis ahkways the last
. X . . . y X ol
97.0 100.0 102.¢ 165.0 33.46 2.0 2.0 o
f This column gives the number
. y . £ of the Trigger sequence. This
This column gives the time __]-\‘ column only exist in Trigger

stamp or the time at which the
profiie was acqpired.

mode.

For more information about the application software please con-
sult chapiter 21 of the DOP1000 User's manual.
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