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METHOD FOR ECHO PROCESSING IN 
TIME-OF-FLIGHT OR LEVEL MEASUREMENT 

SYSTEMS 

FIELD OF THE INVENTION 

[0001] The present invention relates to signal processing, 
and more particularly to a method for echo processing in 
level measurement or time of ?ight ranging systems. 

BACKGROUND OF THE INVENTION 

[0002] Pulse-echo acoustic ranging systems, also knoWn 
as time-of-?ight ranging systems, are commonly used in 
level measurement applications. Pulse-echo acoustic rang 
ing systems determine the distance to a re?ector (i.e. re?ec 
tive surface) by measuring hoW long after transmission of a 
burst of energy pulses the echoes or re?ected pulses are 
received. Such systems typically use ultrasonic pulses or 
pulsed radar or microWave signals. 

[0003] Pulse-echo acoustic ranging systems generally 
include a transducer and a signal processor. The transducer 
serves the dual role of transmitting the energy pulses and 
receiving the re?ected energy pulses or echoes. The signal 
processor is for detecting and calculating the distance or 
range of the object based on the transmit times of the 
transmitted energy pulses and the re?ected energy pulses or 
echoes. 

[0004] Since the re?ected energy pulses or echoes are 
converted into distance measurements, any errors in the 
echoes result in distance measurement errors Which degrade 
the accuracy of the level measurements. 

[0005] Accordingly, there remains a need to provide a 
system and techniques Which improve the processing of the 
re?ected energy pulses or echoes. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention provides a method for 
improved echo processing, and comprises a method for 
generating a neW noise level signal Which is based on the 
original noise level and any changed or modi?ed portions. 

[0007] In a ?rst aspect, the present invention provides a 
method for generating an echo pro?le in a time-of-?ight 
ranging system, said method comprising the steps of: (a) 
transmitting a transmit burst of energy to a re?ective surface; 
(b) receiving re?ected pulses from said re?ective surface, 
and converting said re?ected pulses into an echo signal; (c) 
establishing an initial noise ?oor level; (d) identifying one 
or-more portions of said echo signal above said initial noise 
?oor level as having potential echoes; (e) modifying one or 
more segments in said initial noise ?oor level, and gener 
ating an adjusted noise ?oor level; Wherein said step of 
generating comprises applying a cubic spline procedure to 
said modi?ed segments and said initial noise ?oor level; (g) 
identifying valid echoes in the portions of said echo signal 
above said adjusted noise ?oor level; and (h) generating an 
echo pro?le using said identi?ed valid echoes. 

[0008] In a further aspect, the present invention provides 
a method for generating a noise ?oor level for an echo 
pro?le in a time of ?ight ranging system, said method 
comprising the steps of: (a) establishing an initial noise ?oor 
level; (b) modifying one or more points in said initial noise 
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?oor level; (c) applying a cubic spline algorithm to said 
modi?ed points and said initial noise ?oor level to generate 
a plurality noise ?oor data points; (d) sampling said noise 
?oor data points; (e) forming an adjusted noise ?oor level 
from said sampled noise ?oor data points. 

[0009] In yet another aspect, the present invention pro 
vides a method for generating an echo pro?le in a time-of 
?ight ranging system, said method comprising the steps of: 
(a) transmitting a transmit burst of energy to a re?ective 
surface; (b) receiving re?ected pulses from said re?ective 
surface, and converting said re?ected pulses into an echo 
signal; (c) establishing an initial noise ?oor level; (d) 
subtracting said initial noise ?oor level from said echo signal 
to identify one or more potential echoes; (e) modifying one 
or more segments in said initial noise ?oor level, and 
generating an adjusted noise ?oor level; Wherein said step 
of generating comprises applying a cubic spline procedure to 
said modi?ed segments and said initial noise ?oor level; (g) 
subtracting said adjusted noise ?oor level from said echo 
signal to identify one or more valid echoes said echo signal; 
and (h) generating an echo pro?le using said identi?ed valid 
echoes. 

[0010] Other aspects and features of the present invention 
Will become apparent to those ordinarily skilled in the art 
upon revieW of the folloWing description of speci?c embodi 
ments of the invention in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Reference is neXt made to the accompanying draW 
ings Which shoW, by Way of eXample, embodiments of the 
present invention and in Which: 

[0012] FIG. 1 is a graphic representation of an echo signal 
Waveform, a noise ?oor level Waveform and a noise signal 
Waveform for a time-of-?ight ranging system; 

[0013] FIG. 2 is an echo pro?le plot shoWing a noise level 
Waveform adjusted in accordance With the present invention; 

[0014] FIG. 3 is an echo pro?le plot shoWing a valid 
echoes Waveform determined according to the present 
invention; 

[0015] FIG. 4 is a ?oW chart shoWing a method for 
generating a noise ?oor level signal or Waveform in accor 
dance With the present invention; 

[0016] FIG. 5(a) is an echo pro?le plot shoWing an initial 
noise ?oor level signal; 

[0017] FIG. 5(b) is an echo pro?le plot shoWing a revised 
noise ?oor level signal in accordance With the present 
invention; 

[0018] FIG. 6 is a ?oW diagram shoWing the data ?oW for 
performing echo processing according to the present inven 
tion; 

[0019] FIG. 7 shoWs in tabular form an input data array; 

[0020] FIG. 8 shoWs in tabular form an output coef?cient 
data array; 

[0021] FIG. 9 shoWs in tabular form an output data array 
determined in accordance With the present invention; 
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[0022] FIG. 10(a) is an echo pro?le plot showing data 
points for an exemplary echo pro?le plot; and 

[0023] FIG. 10(b) is an echo pro?le plot showing the data 
points of FIG. 11(a) modi?ed according to the method of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

[0024] Reference is ?rst made to FIG. 1 Which shoWs in 
graphic form an echo pro?le plot indicated generally by 
reference 100. The echo pro?le plot 100 comprises a receive 
echo signal 102. 

[0025] The echo signal 102 is generated in the operation of 
a level measurement device (i.e. a type of time-of-?ight 
ranging system). In knoWn manner, the level measurement 
device includes a transducer (e.g. ultrasonic, microWave or 
radar), a controller or signal processor unit, an analog-to 
digital converter, a transmitter, a receiver, and a poWer 
supply unit. The transducer emits a transmit pulse or energy 
burst directed at a surface to be measured. The surface 
re?ects the transmit energy burst and the re?ected energy 
pulses are coupled by the transducer and converted into 
electrical signals. The electrical signals are applied to the 
receiver and sampled and digitiZed by the A/D converter. 
The signal processor, for eXample a microprocessor operat 
ing under ?rmWare control, takes the digitiZed output and 
generates the receive echo signal 102 having a form as 
shoWn in FIG. 1. The receive echo signal 102 is character 
iZed by one or more valid echoes 103, indicated individually 
by references 103a, 103b, 103c, . . . 10311, and correspond 
to the re?ected energy pulses. In knoWn manner, the con 
troller unit eXecutes an algorithm Which uses the receive 
echo signal 102 to calculate the range, ie the distance to the 
re?ective surface, from the time it takes for the re?ected 
energy pulse to travel from the re?ective surface to the 
transducer. From this calculation, the distance to the surface 
of the liquid and thereby the level of the liquid is determined. 
The controller, e.g. microprocessor or microcontroller, is 
suitably programmed to perform these operations as Will be 
Within the understanding of those skilled in the art. 

[0026] As Will noW be described in more detail, the subject 
invention is directed to a method or process for producing an 
improved receive echo signal 102 and echo pro?le. 

[0027] Referring back to FIG. 1, the echo pro?le plot 100 
also shoWs a noise ?oor level Waveform 104, and a signal 
noise Waveform 106. The noise ?oor Waveform 104 is the 
level that determines Where noise in the re?ected energy 
pulses stops and valid echoes 103 begin. The signal noise 
Waveform 106 is the part of the echo pro?le Which does not 
represent valid echoes 103 or pulses, and is therefore not 
Wanted for further processing. The signal noise Waveform 
106 represents signals Which are generated by the transducer 
and/or receiver and need to be removed and controlled in 
order to achieve the best results for the receive echo signal 
102. The receive echo signal 102 represents any echoes 103 
Which are considered to be valid. In this conteXt, a valid echo 
is an echo 103 Which is above the noise ?oor level 104. 

[0028] The noise ?oor level 104 is calculated based on an 
initial state, and the noise ?oor level 104 is subtracted from 
the receive echo pro?le signal to determine the receive echo 
signal 102 and the valid echoes 103. HoWever, the need 
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frequently arises to modify the noise ?oor level 104 during 
operation of the level measurement system. As Will be 
described in more detail beloW, the method according to one 
aspect of the invention takes the original noise ?oor level 
104 and the changed portion(s) in the noise ?oor level 104 
and generates a revised noise ?oor level Which maintains 
and improves the accuracy of the echo signal 102 and the 
representation of valid echoes 103. 

[0029] Reference is made to FIG. 2, Which shoWs an echo 
pro?le plot indicated by reference 200. The echo pro?le plot 
200 represents an initial state, ie a state Where only signal 
noise eXists. The echo pro?le plot 200 comprises an initial 
noise ?oor level 202, a noise signal 204, and an adjusted 
noise ?oor level 206. 

[0030] The echo pro?le plot 200 as depicted in FIG. 2 
represents an initial state, ie a state Where only signal noise 
eXists, as depicted by the noise signal 202. The noise ?oor 
level 202 de?nes Where echo signal noise, ie the noise 
signal 202, is separated from valid echoes. The noise signal 
202 is the part of the echo signal 208 (FIG. 3) that has a 
loWer amplitude than the noise ?oor level 202. The noise 
?oor level 202 is used to generate the adjusted noise ?oor 
level 206. The adjusted noise ?oor level 206 can have a 
greater amplitude or a smaller amplitude than the initial 
noise ?oor level 202. As Will be described in more detail 
beloW, if there are some valid echoes With large amplitudes, 
then the adjusted noise ?oor level 206 Will increase, and if 
there are no valid echoes, the adjusted noise ?oor level 206 
Will decrease by a speci?ed amount. 

[0031] Reference is neXt made to FIG. 3, Which shoWs the 
echo pro?le plot 200 With an echo signal indicated by 
reference 208. The echo signal 208 represents amplitude of 
the receive signal in Decibels (dB’s) at various distances and 
is directly related to time. The target, e.g. re?ective surface, 
is represented by a higher amplitude, ie a valid echo. The 
portion of the echo signal 208 beloW the noise ?oor level 
202 (and the adjusted noise ?oor level 206) is considered 
noise and comprises the noise signal 204. The noise signal 
is unWanted and is generated by various sources in the level 
measurement system. Valid echoes are indicated by refer 
ence 210 and comprise portions of the echo signal 210 that 
are above the noise ?oor level 202 (or the adjusted noise 
?oor level 206). 

[0032] Reference is neXt made to FIG. 4, Which shoWs in 
?oWchart form a method for generating an adjusted noise 
?oor level, for eXample of the adjusted noise ?oor level 206 
depicted in the FIGS. 2 and 3. The method for generating 
and adjusted noise ?oor level according to this aspect of the 
invention is indicated generally by reference 400 in FIG. 4. 

[0033] As shoWn in FIG. 4, the ?rst step indicated by 
block 402 involves editing points in the noise ?oor level (i.e. 
the noise ?oor level 202 in FIG. 2). The editing is typically 
done by a user Who enters neW values for points in the noise 
?oor level 202. After the user has completed entering the 
neW values, the neXt step in block 404 involves performing 
error and boundary checking. If the neW values are not valid, 
then the values are corrected to valid values in block 406. 
The neXt operation in block 408 involves retrieving or 
reading the values for the initial noise ?oor level 202 from 
memory. The neXt operation in block 410 involves compar 
ing the values from the initial noise ?oor level With the 
edited values. If there is no change, then the adjusted noise 
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?oor level is the same as the initial noise ?oor level, and the 
procedure is ?nished as indicated in block 412. If there is a 
change in values, then a cubic spline algorithm is applied in 
block 414. This operation involves entering the neW or 
changed points into a quadratic, i.e. cubic, spline algorithm 
and generating a line of best ?t for all the points, i.e. the 
changed points and the unchanged points in the initial noise 
?oor level. The line of best ?t corresponds to a ?rst version 
of the adjusted noise ?oor level. The next operation in block 
416 involves sampling the adjusted noise ?oor level gener 
ated in block 414. The adjusted noise ?oor level is sampled 
at set intervals, as de?ned or set in the echo processing 
module. Using 4000 points, for example, results in an 
adjusted noise ?oor level With very good resolution. The last 
operation in block 418 involves storing in the echo process 
ing library the ?nal version of the adjusted noise ?oor level 
determined in block 416. The adjusted noise ?oor level is 
made available for future use from the echo processing 
library Which is accessed, for example, by the controller in 
the level measurement system. 

[0034] The operation of the method or procedure for 
generating the adjusted noise ?oor level is further illustrated 
With reference to FIGS. 5(a) and 5(b). FIG. 5(a) shoWs an 
echo pro?le plot 500 With an initial noise ?oor level 502 
having 40 data points. The echo pro?le plot 500 also shoWs 
a noise signal 504, and an echo signal 505. If there are some 
undesirable peaks in the noise signal 504 or undesirable 
echo peaks in the echo signal 505, for example, caused by 
objects interfering With the target, i.e. the re?ective surface, 
then to maintain accuracy in the level measurement system, 
these peaks are removed by raising the noise ?oor level 502 
and generating a neW or adjusted noise ?oor level in 
accordance With the present invention. As described above, 
points in the noise ?oor level are edited using softWare 
components such as LabVieW, Simatic PDM or other similar 
products. The noise ?oor level signal 502 With edited data 
points is shoWn in FIG. 5(b) and indicated by reference 506. 
Speci?cally, the amplitude of the third and fourth data points 
indicated by reference 506a and 506b have been increased 
to cancel out undesired signal noise in the echo signal 505. 
As described above, the changed points 506a and 506b are 
subjected to an error and bound check. Next the neW points 
506a and 506b are compared With the old values to deter 
mine Whether any updating needs to be performed. In this 
case only tWo points have been changed and therefore not all 
of the values need to be calculated again. After determining 
What points need to be updated, the cubic spline algorithm 
is applied. When the cubic coef?cients have been calculated, 
the noise ?oor level is sampled to select X number of points, 
and then the adjusted noise ?oor level With the neW values 
is stored in memory. 

[0035] There are tWo main types of data: input data and 
output data. The input data comprises an array of distances, 
and their corresponding amplitudes. The output data com 
prises an array of polynomial coefficients, Which matches 
the input distances and amplitudes. The polynomial coef? 
cients are applied to the cubic spline algorithm to obtain the 
amplitude associated With a distance. The ?oW betWeen the 
input data 602 and the output data 604 is shoWn in FIG. 6. 

[0036] Reference is next made to FIGS. 7, 8 and 9. FIG. 
7 shoWs in table form an exemplary input data array. FIG. 
8 shoWs the output coef?cient data array generated from 
input data array through application of the cubic spline 
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algorithm The output coef?cients represent the line betWeen 
any tWo points. FIG. 9 shoWs the resulting output data array. 

[0037] As described above, after the output data is created, 
a sampling operation is performed to obtain a speci?c ?nite 
number of points for the adjusted noise ?oor level. The 
sampling may be performed at any resolution. 

[0038] To ?nd the amplitude for a speci?c distance, the 
folloWing cubic equation is used: 

[0039] To choose the appropriate coefficients, the distance 
X is matched With the appropriate coef?cients from the table 
in FIG. 8. For example, if the distance is 0.9, it is Within the 
bounds of the ?rst equation, i.e. 0.8<distance<2.12, and the 
coef?cients are a=0.3, b=—0.5, c=0.2 and d=0.001. The 
amplitude value is given as: 

[0040] The ?nal output data is stored in an array Which is 
like the input data array, except there are more points 
covering the same distance. Exemplary output data With 
three points for every one distance point is shoWn in the 
table of FIG. 9. It Will be appreciated that the more points 
sampled, the greater the precision of the adjusted noise ?oor 
level. 

[0041] A cubic spline algorithm is utiliZed to generate 
points for the adjusted noise ?oor level as described above. 
The cubic spline algorithm is used to create a series of cubic 
equations to represent the line of best ?t for raW data points. 
The end result is ‘n’ ?nite points Which are represented by 
‘n-l’ cubic functions. The n-1 cubic functions are used to 
select an in?nite number of points, and the function y=ax3+ 
bx2+cx+d is used to represent the line that is formed betWeen 
tWo input points, and the coef?cients in particular are 
determined using this algorithm. This line can then be 
sampled to obtain any desired number of points to use for the 
adjusted noise ?oor level. A pseudo code listing for imple 
menting a cubic spline algorithm is shoWn beloW: 

[0042] Pseudo Code Listing for Cubic Spline Algorithm 

[0043] © Siemens Milltronics Process Instruments Inc. 
2002-2003 

int last, lastm1,ib,l; 

* Set up tridiagonal system 
* b=diagonal, d=o?fdiagonal, c=right hand side. 
*/ 
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-continued 

/* 
* End conditions. Third derivatives at X[1] and X[n] 
* obtained from dividend differences 

* Forward elimination 

/* 
* Back substitution 

return; 

[0044] It Will be appreciated that cubic splines are smooth 
functions and When used for interpolation these functions do 
not have the oscillatory behaviour of high-degree polyno 
mial interpolation. Advantageously, cubic spline functions 
form a line that intersects every point Which is desirable for 
the subject application. FIG. 10(a) shoWs an initial noise 
?oor level, i.e. With original data points, and FIG. 10(b) 
shoWs an adjusted noise ?oor level after using a cubic spline 
algorithm. As shoWn in FIG. 10(b), the line for the adjusted 
noise ?oor level intersects all of the points. 

[0045] The present invention may be embodied in other 
speci?c forms Without departing from the spirit or essential 
characteristics thereof. Certain adaptations and modi?ca 
tions of the invention Will be obvious to those skilled in the 
art. Therefore, the above discussed embodiments are con 
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sidered to be illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims rather than 
the foregoing description, and all changes Which come 
Within the meaning and range of equivalency of the claims 
are therefore intended to be embraced therein. 

What is claimed is: 
1. A method for generating an echo pro?le in a time-of 

?ight ranging system, said method comprising the steps of; 

(a) transmitting a transmit burst of energy to a re?ective 
surface; 

(b) receiving re?ected pulses from said re?ective surface, 
and converting said re?ected pulses into an echo signal; 

(c) establishing an initial noise ?oor level; 

(d) identifying one or more portions of said echo signal 
above said initial noise ?oor level as having potential 
echoes; 

(e) modifying one or more segments in said initial noise 
?oor level, and generating an adjusted noise ?oor level; 

(f) Wherein said step of generating comprises applying a 
cubic spline procedure to said modi?ed segments and 
said initial noise ?oor level; 

(g) identifying valid echoes in the portions of said echo 
signal above said adjusted noise ?oor level; and 

(h) generating an echo pro?le using said identi?ed valid 
echoes. 

2. The method as claimed in claim 1, Wherein said step of 
modifying one or more segments in said initial noise ?oor 
level comprises editing data points in said initial noise ?oor 
level. 

3. The method as claimed in claim 1, further including the 
step of selecting a plurality of points generated by applying 
said cubic spline algorithm and said selected points forming 
said adjusted noise ?oor level, and said adjusted noise ?oor 
level having a resolution based on the number of selected 
points. 

4. A method for generating a noise ?oor level for an echo 
pro?le in a time of ?ight ranging system, said method 
comprising the steps of: 

(a) establishing an initial noise ?oor level; 

(b) modifying one or more points in said initial noise ?oor 
level; 

(c) applying a cubic spline algorithm to said modi?ed 
points and said initial noise ?oor level to generate a 
plurality noise ?oor data points; 

(d) sampling said noise ?oor data points; 

(e) forming an adjusted noise ?oor level from said 
sampled noise ?oor data points. 

5. The method as claimed in claim 4, Wherein one or more 
of said points in said initial noise ?oor level are modi?ed 
manually using a computer program. 

6. The method as claimed in claim 5, Wherein said 
computer program comprises LabVieW or Simatic PDM. 

7. A method for generating an echo pro?le in a time-of 
?ight ranging system, said method comprising the steps of: 
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(a) transmitting a transmit burst of energy to a re?ective 
surface; 

(b) receiving re?ected pulses from said re?ective surface, 
and converting said re?ected pulses into an echo signal; 

(c) establishing an initial noise ?oor level; 

(d) subtracting said initial noise ?oor level from said echo 
signal to identify one or more potential echoes; 

(e) modifying one or more segments in said initial noise 
?oor level, and generating an adjusted noise ?oor level; 
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(f) Wherein said step of generating comprises applying a 
cubic spline procedure to said modi?ed segments and 
said initial noise ?oor level; 

(g) subtracting said adjusted noise ?oor level from said 
echo signal to identify one or more valid echoes said 
echo signal; and 

(h) generating an echo pro?le using said identi?ed valid 
echoes. 


