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NEAR ZONE DETECTION IN RADAR LEVEL 
GAUGE SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to radar level gauge 
systems, and more speci?cally RLG systems of the kind 
Where a time domain re?ectometry (TDR) signal is pro 
cesses to determine at least one process variable for a 
material in the tank. 

BACKGROUND OF THE INVENTION 

[0002] Such RLG systems typically include a pulse gen 
erator, a probe extending into the tank for guiding the signal, 
and a detector for receiving said TDR signal. The TDR 
signal typically comprises at least a surface re?ection pulse 
caused by an interface betWeen different materials in the 
tank, typically but not necessarily a liquid surface, and an 
interfering pulse caused by a transition betWeen the pulse 
generator and the probe. 

[0003] In such RLG systems, the measurement process 
can be complicated or even made impossible, When the 
surface re?ection pulse occurs in the beginning of the probe, 
Where the in?uence of the interfering pulse is signi?cant. 
This area of the measurement range is herein referred to as 
the “near Zone”, and can be in the range of 0 m to 0.2-0.5 
m depending on the type of pulse generator used. The 
problem can be accentuated by the fact that the interfering 
pulse has an opposite sign compared to the surface re?ec 
tion, and therefore Will cause an attenuation or complete 
cancellation of the surface re?ection pulse if they occur too 
close to each other. As a result, RLG systems may exhibit a 
Zone immediately beloW the top of the tank, Where mea 
surement results can be uncertain. 

[0004] Conventional RLG systems include various pro 
cessing of the TDR signal, and some of these processing 
methods are described in US. Pat. No. 5,973,637. HoWever, 
none of these methods are suitable for improving near Zone 
detection. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to improve 
RLG systems in terms of near Zone detection. 

[0006] This and other objects are achieved With a method 
of the kind mentioned by Way of introduction, comprising 
obtaining a ?rst sampled TDR signal With an ampli?cation 
such that the interfering pulse is unsaturated, determining a 
compensation pulse signal using a previously stored pulse 
shape, a detected pulse amplitude and a current pulse 
position, subtracting said compensation pulse signal from 
the ?rst sampled TDR signal, determining if a surface 
re?ection occurs in an area Where said interfering pulse Will 
have a signi?cant interfering effect on the surface re?ection 
pulse, and if no surface re?ection occurs in this area, 
updating the current pulse position. 

[0007] According to an embodiment of the invention, a 
compensating signal is subtracted from the TDR signal in 
order to improve the accuracy in the near Zone. The com 
pensating signal is determined using a preset pulse shape 
and current values for the maximum amplitude and position 
of the interfering pulse. When no surface re?ection is 
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determined to occur in the near Zone, the position of the 
interfering pulse can be updated. 

[0008] The compensation signal can be based on the fact 
that the shape of the interfering pulse is essentially constant 
for a given type of pulse generator. The amplitude can be 
in?uenced by the type of probe and the installation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention Will noW be described in more detail, 
With reference to the appended draWings, in exemplifying 
manner illustrating a preferred embodiment of the invention. 

[0010] FIG. 1 schematically shoWs a radar level gauge 
system mounted on a tank. 

[0011] FIGS. 2a and 2b are graphs of TDR signals 
obtained With a conventional RLG system. 

[0012] FIG. 3 is a ?oW chart of a method according to an 
embodiment of the invention. 

[0013] FIGS. 4a and 4b are graphs of TDR signals com 
pensated according to the method in FIG. 3. 

[0014] FIG. 5 is a graph illustrating the in?uence of 
temperature on the position of the interfering pulse. 

[0015] FIG. 6a-b are graphs of an interfering pulse in?u 
enced by a surface re?ection in the near Zone. 

[0016] FIG. 7 is a ?oW chart of a method according to a 
further embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] FIG. 1 shoWs schematically a radar level gauge 
system 1 in Which a method according to the invention may 
be advantageously used. The system 1 is arranged to per 
form measurements of a process variable such as the level of 
an interface 2 betWeen tWo materials 3, 4 in a tank 5. 
Typically, the ?rst material 3 is a liquid stored in the tank, 
e.g. gasoline, While the second material 4 is air. 

[0018] The system 1 comprises a probe 10, attached to a 
mounting device 11 and extending into the tank 5. The probe 
10 can be of any knoWn kind, such as a coaxial or dual line 
probe. In the presently described case, it is a dual line 
transmission probe. 

[0019] The mounting device 11 of the probe 10 is con 
nected, via line 12, for example a cable or the like, to a 
transceiver 13, for generating a series of pulses to be 
transmitted by the probe 10 into the tank 5, and receiving a 
time domain re?ectometry (TDR) signal. 

[0020] The transceiver 13 comprises a pulse generator 14, 
preferable arranged to generate pulses With a length of about 
2 ns or less, With a frequency in the order of MHZ, at average 
poWer levels in the nW or MW area. The transceiver 13 also 
comprises a sample and hold circuit 15, connected to the 
pulse generator 14 and to the line 12. 

[0021] The transceiver 13 is controlled by a micro pro 
cessor 17, providing the pulse generator With a high fre 
quency (eg 2 MHZ) clock signal, and the sample and hold 
circuit 15 With an oscillation signal (eg 40 HZ). The 
microprocessor 17 is also, via an ampli?er 18 and an 
A/D-converter 19, connected to an output of the sample and 
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hold circuit 15, Which provides the processor 17 With a 
digitaliZed, sampled TDR signal 20. The signal 20 is 
expanded in time, allowing for use of conventional hardWare 
for conditioning and processing. The processor 17 is further 
connected With a ROM unit 21 (eg an EEPROM) for 
storing pre-programmed parameters, and a RAM unit 22 for 
storing softWare code 23 executable by the microprocessor 
17. The processor can also be connected to a user interface 
24. 

[0022] FIG. 2a-b shoWs tWo graphical examples of a TDR 
signal 30a and 30b acquired With a conventional RLG 
system in a tank containing oil, as Well as a dashed line 
indicating a signal 31 for an empty tank. As is clear from 
FIG. 2a, the signal comprises a ?rst, negative pulse 32, and 
a second, positive pulse 33. The ?rst pulse is caused by the 
transition from the cable 12 into the probe 10 in air. As the 
probe has higher impedance, the pulse is negative. The 
second pulse is caused by the re?ection against an oil liquid. 
As the probe in oil has loWer impedance than the probe in 
air, this pulse is positive. During processing, the ?rst pulse 
can be used as a reference, as it de?nes the beginning of the 
probe. HoWever, it also in?uences the appearance of the 
second pulse, especially in the illustrated situation, Where 
the tWo pulses have opposite signs. Therefore, the ?rst pulse 
is here referred to as an interfering pulse, While the second 
pulse is referred to as the surface re?ection pulse. 

[0023] In FIG. 2b, the oil surface is closer to the top of the 
tank, and the surface re?ection pulse 33 thus appears closer 
to the interfering pulse 32. As a consequence, the surface 
re?ection pulse does not appear distinctly, but only results in 
a slight elevation of the positive ?ank of the interfering pulse 
32. This is visible in the ?gure When comparing the TDR 
signal 30 With the empty tank signal 31. The surface 
re?ection in this case occurs someWhere close to 475. 

[0024] It is clear from FIG. 2a-b that conventional pro 
cessing methods Will be insufficient for determining the 
exact position of the surface re?ection pulse, due to inter 
ference from the pulse caused by the transition betWeen 
cable and probe. 
[0025] A preferred embodiment of the invention is illus 
trated in the ?oW chart in FIG. 3. The process described by 
the ?oW chart can be realiZed by a computer program 
comprised in the program code 23 and running on the 
processor 17. This control program can thus control the 
pulse generator 14, the sample and hold circuit 15, the 
ampli?er 18, and any other components of the system 
required to perform the described method. 

[0026] In this particular embodiment, tWo sampled TDR 
signals are obtained for each measuring, a ?rst sampled 
signal is obtained by the sample and hold circuit 15, and 
ampli?ed by ampli?er 18 such that the interfering pulse. is 
not saturated. This is suitable for obtaining information 
about this pulse, enabling use of it as a reference pulse 
during the future processing and analysis of the TDR signal. 
Then, a second sampled signal is obtained and ampli?ed 
using more poWerful ampli?cation. This is suitable for 
ensuring that the surface re?ection pulse, Which in some 
situations, depending on materials in the tank and other 
conditions, can be very Weak, is more easily detectable. The 
principle of a tWo-part sampling process is not novel, and the 
invention is by no means limited to the use of such a process. 

[0027] Returning top FIG. 3, a ?rst, non-saturated 
sampled TDR signal is obtained in step S1. This ?rst signal 
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does not necessarily cover the entire range of the tank, but 
preferably only the beginning of the probe. As mentioned, its 
primary purpose is to gain information about the interfering 
pulse. 

[0028] According to this particular embodiment, the 
amplitude of the interfering pulse Ai is then determined in 
step S2, and in step S3 compared to an amplitude value 
currently stored in the RAM 22. If the detected amplitude is 
greater than the previously stored value, this stored value is 
replaced With the detected amplitude in step S4, before the 
program control moves on to step S5. 

[0029] In step S5, the processor 17 de?nes a compensation 
signal based on a pulse shape previously stored in the ROM 
21, and a current pulse position, Pi, also stored in the RAM 
22. The current pulse position Pi in the RAM 22 corresponds 
to the anticipated position of the extreme point of the 
interfering pulse 32, and the compensation signal is aligned 
so that its extreme point coincides With the current pulse 
position Pi. If required, the compensation signal can also be 
rescaled in order to correspond to the amplitude of the 
interfering pulse, in the illustrated case using the detected 
amplitude value AL 

[0030] As the pulse amplitude can vary signi?cantly 
depending on the probe and installation, it can be advanta 
geous to secure a detection of the interfering pulse amplitude 
before step S5, here in step S2. This means that the ampli 
tude is measured every sampling. If it could be ascertained 
that no surface re?ection Was present in the near Zone during 
this detection, one single detection Would be sufficient, as 
the amplitude is essentially unaffected by ambient condi 
tions. HoWever, to handle the case When a surface re?ection 
is present in the near Zone during startup (When the ?rst 
sampling is made), thus reducing the detected amplitude of 
the interfering pulse, the steps S3 and S4 Will alloW for a 
gradual increase of the stored amplitude value. Therefore, 
When the surface re?ection pulse moves out of the near Zone, 
and the detected amplitude of the interfering pulse increases, 
the stored value Will also increase. Basically, as soon as it 
has been ascertained that the amplitude of the interfering 
pulse has been detected Without disturbance from any sur 
face re?ection, no additional detections are required. If 
considered advantageous, such a routine could be imple 
mented in the program. 

[0031] The pulse shape stored in ROM 21 can be deter 
mined and stored during pre-installation calibration, or be 
set to a ?xed curve if the expected variations are minor. It 
has been found that the curve shape typically only differs in 
terms of amplitude When comparing different types of 
probes, such as a tWin rigid probe and a coaxial probe. 
Therefore, it can be suf?cient to store a curve corresponding 
to the pulse generator to be used, or possibly several 
different curves in case the system can be used With different 
signal boards having different pulse generators. Further, 
installation dependent adjustments of this shape may also be 
stored in a user area of the ROM 21, by providing suitable 
options in the user interface 24. 

[0032] In step S6, the processor subtracts the compensa 
tion signal from the detected TDR signal, resulting in a 
compensated TDR signal 40 (see FIG. 4a-b). 

[0033] In step S7 the position of any surface re?ection 
pulse is determined by processor 17, using conventional 
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techniques for TDR signal processing. Such techniques may 
include threshold analysis, derivative analysis, etc. 

[0034] The purpose of the subtraction in step S6 is to 
remove any in?uence from the interfering pulse from the 
TDR signal, in order to enable a more secure localiZation of 
the surface re?ection pulse. As the surface re?ection by 
de?nition occurs during the time range after the extreme 
point of the interfering pulse, Pi, computational poWer can 
be saved by only de?ning the compensation signal for this 
time range. 

[0035] FIG. 4a-b shoW tWo graphical examples of com 
pensated TDR signals 40a and 40b, essentially correspond 
ing to the signals 30a and 30b in FIG. 2. Note hoWever, that 
the position of the surface re?ections are slightly offset. 
From the curves it is clear that the compensation signal has 
been subtracted starting from the extreme point, Pi. 

[0036] In FIG. 4a, the surface re?ection pulse 43a is 
probably far enough from the interfering pulse 42a to be 
detectable even Without the compensation in step S6. 

[0037] In FIG. 4b, the situation is similar to that in FIG. 
2b, Where the surface re?ection is less apparent and more 
dif?cult to detect due to interference from the interfering 
pulse. In FIG. 4b, hoWever, the subtraction of the compen 
sation signal has removed the in?uence from the interfering 
pulse, and the surface re?ection 43b is clearly visible, and 
thus easy to detect correctly. 

[0038] Returning noW to the ?oW chart in FIG. 3, in step 
S8, it is determined if any surface re?ection pulse is present 
in the near Zone. In order to make this determination, a 
quantitative de?nition of the near Zone in terms of time 
distance from the extreme point Pi must be de?ned, and 
stored in the RAM 22 or ROM 21. This de?nition should be 
based on characteristics of the probe and tank, and prefer 
ably be such that it includes the entire area in Which the 
in?uence of the interfering pulse is signi?cant. Typically, 
this is the case until the interfering pulse has declined to a 
de?ned percentage of its maximum amplitude, for example 
about 5%, preferably only about 3%, and most preferably 
only about 1%. This position Where the interfering pulse has 
declined to this prede?ned level thus indicates the beginning 
of the near Zone. 

[0039] If no surface re?ection is present in the near Zone 
(like in FIG. 2a), the interfering pulse 32a can be considered 
to be unaffected by the surface echo, and the TDR signal 30a 
can in step S9 be analyZed in order to update the current 
pulse position Pi, stored in the RAM 22. The details of this 
updating process Will be described in more detail beloW. 

[0040] Then, in step S10, a second, more ampli?ed 
sampled TDR signal is acquired, and any desired informa 
tion is extracted by processing and analyZing this signal in 
step S11. It may be advantageous to perform a compensation 
also of the second TDR signal, but as the surface re?ection 
has been located outside the near Zone, this may not be 
required. After the analysis of the TDR signal has been 
completed, or possibly even before this, program control 
returns to step S1 to acquire a neW sampled TDR signal. 

[0041] If a surface re?ection is found to be present in the 
near Zone in step S8, no update of the pulse position Pi Will 
be made. HoWever, if, as in the present example, the ?rst 
sampling in step S1 Was only of a portion of the measure 
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ment range, a second sampled TDR signal, having a greater 
range than the ?rst TDR signal, is acquired in step S12. Just 
like the ?rst TDR signal, this second TDR signal is acquired 
With an ampli?cation such that the interfering pulse is 
non-saturated. Note that, if instead a TDR signal covering 
the entire range Was acquired already in step S1, no second 
TDR signal Would be required at this stage. 

[0042] Then, in step S13, the subtraction performed in step 
S6 is again performed, in order to obtain a compensated 
TDR signal, covering the entire measuring range. This 
signal is processed and analyZed in step S14 to extract any 
desired information from the TDR signal. 

[0043] Note that the processing steps S11 and S14 are 
essentially equivalent, the only difference being that the 
TDR signals to be analyZed have different ampli?cation. 
Also, the TDR signal analyZed in step S14 has been com 
pensated in step S13, While the TDR signal analyZed in step 
S11 may be uncompensated. 

[0044] As illustrated, the described method alloWs a better 
determination of a surface re?ection pulse in the near Zone, 
by subtracting a compensation signal based on information 
about the interfering pulse from the TDR signal. HoWever, 
While the amplitude of the interfering pulse is essentially 
unaffected by ambient conditions, the position of the inter 
fering pulse may change. The in?uence of temperature is 
illustrated in FIG. 5, from Which it is clear that the ampli 
tude of the pulse is almost constant, While the position 
changes. As described above, the current position of the 
interfering pulse is therefore updated in S9 each time the 
surface re?ection is determined to be outside the near Zone, 
ie when the interfering pulse is unin?uenced by any surface 
re?ection. In one embodiment of this updating process, the 
step S9 quite simply includes determining the extreme point 
of the interfering pulse, using knoWn methods of TDR signal 
analysis. 

[0045] HoWever, during periods When a surface re?ection 
is present in the near Zone, the extreme point of the inter 
fering pulse is in?uenced by the surface re?ection. There 
fore, in a more elaborate embodiment, the pulse position Pi 
is divided into a ?rst part Which is relatively unaffected by 
a surface re?ection in the near Zone, and a second part Which 
is more affected by a surface re?ection in the near Zone. 
Consequently, the ?rst part can be updated each time the ?rst 
sampled TDR signal is acquired, While the second part is 
only updated if no surface re?ection is present in the near 
Zone. This division of the position Pi can provide a more 
precise determination of the position of the interfering pulse, 
even during periods When a surface re?ection is present in 
the near Zone. 

[0046] FIG. 6a-b shoW a section of a TDR signal close to 
the interfering pulse. In FIG. 6a, no surface re?ection is 
present in the near Zone, While in FIG. 6b, a surface 
re?ection is in the near Zone close to the top of the tank. It 
is clear from the ?gures that the position of the extreme point 
51a, 51b of the interfering pulse 52a, 52b is signi?cantly 
affected by the surface re?ection pulse 53a, 53b. HoWever, 
it has been established by the inventor that the position Pthres 
at Which the negative slope of the interfering pulse crosses 
a given threshold is essentially unaffected by the surface 
re?ection. This threshold can be expressed as a percentage 
of the maximum pulse amplitude, and in the illustrated 
example it is 30% of the maximum amplitude. Note that the 
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pulse is negative, and so the amplitude is calculated from the 
DC level and doWn. The threshold is thus 30% of the 
amplitude below the DC level. As this position Pthres is 
unin?uenced by ambient conditions, it can thus be used as 
the part of the pulse position Pi not affected by the surface 
re?ection pulse. 

[0047] The distance from the threshold crossing Pthres to 
the actual extreme point of the interfering pulse Will hoW 
ever be affected by the surface re?ection pulse. Therefore, 
this distance should only be determined When it has been 
determined that the surface re?ection is not present in the 
near Zone (i.e. in step S9 in FIG. 3). Determining this 
distance is simply done by determining the actual position of 
the extreme point Pi using conventional TDR signal analysis, 
and then subtraction the current value of the threshold 
crossing Pthres. 
[0048] In an alternative embodiment, illustrated in the 
?oW chart in FIG. 7, employs a single sample measuring 
process. FIG. 7 includes the steps S21-S29, corresponding 
to the steps S1-S9 in FIG. 3. 

[0049] In this case, the ?rst acquired TDR signal prefer 
ably includes the entire measurement range, as no second 
sampling is made. If no surface re?ection is found present in 
the near Zone in step S28, program control continues to step 
S30, Where any additional TDR signal analysis is performed, 
before returning to step S21. If a surface re?ection is found 
to be present in the near Zone in step S28, the position of the 
extreme point, Pi, is updated, before program control con 
tinues to step S30. 

[0050] It is clear to the skilled person that only the 
presently preferred embodiments of the invention has been 
described. Several variations and modi?cations are possible 
Within the scope of the appended claims. For example, slight 
modi?cations of the described method may be advantageous 
When adopting it to a RLG system having a different 
electronic design. Also, the method can naturally include 
additional steps and routines, not described herein. 

[0051] Further, the method has been described only With 
reference to probe based RLG, While it may also be used to 
improve the performance of free propagating RLG, i.e. 
systems Where the pulses are transmitted into the tank 
Without a probe. In such a system, the interfering pulse is 
caused by the transition betWeen the radar antenna and free 
space, and the advantages of the described method Will be 
similar. 

What is claimed is: 
1. A method for processing a time domain re?ectometry 

(TDR) signal used to determine at least one process variable 
for a material in a tank, Wherein said TDR signal has been 
generated by a radar level gauge system comprising a pulse 
generator, a probe extending into the tank for guiding the 
pulse, and a receiver for receiving said TDR signal, and 
Wherein the TDR signal comprises at least a surface re?ec 
tion pulse caused by an interface betWeen different materials 
in the tank, and an interfering pulse caused by a transition 
betWeen the pulse generator and the probe, said method 
comprising: 

obtaining a ?rst sampled TDR signal With an ampli?ca 
tion such that the interfering pulse is unsaturated, 
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determining a compensation pulse signal using a previ 
ously stored pulse shape and a current pulse position, 

subtracting said compensation pulse signal from the ?rst 
sampled TDR signal, 

determining if a surface re?ection occurs in a Zone Where 
said interfering pulse has a signi?cant interfering effect 
on any surface re?ection pulse occurring in this Zone, 
and 

if no surface re?ection occurs in this Zone, updating the 
current pulse position. 

2. The method of claim 1, Wherein said Zone is de?ned to 
begin Where the interfering pulse has declined beloW a given 
percentage of its maximum amplitude. 

3. The method of claim 2, Wherein said percentage is less 
than 5%. 

4. The method of claim 1, Wherein a signal resulting from 
the subtraction is used to determine said process variable. 

5. The method of claim 1, Wherein the step of determining 
said compensation pulse signal further comprises scaling 
said pulse shape using a detected pulse amplitude. 

6. The method of claim 5, further comprising: 

for each ?rst sampled TDR signal, detecting the amplitude 
of the interfering pulse, determining if the detected 
amplitude is greater than a stored value for the pulse 
amplitude, and if so, replacing said stored value With 
said detected pulse amplitude. 

7. The method of claim 1, Wherein said pulse position 
comprises one surface re?ection independent component, 
and one surface re?ection dependent component. 

8. The method of claim 7, Wherein said surface re?ection 
independent component is updated for each ?rst sampled 
TDR signal. 

9. The method of claim 7, Wherein said surface re?ection 
dependent component is updated only if no surface re?ec 
tion is present in said area. 

10. The method of claim 7, Wherein said surface re?ection 
independent component is de?ned as an intersection of the 
?rst sampled TDR signal With a threshold value. 

11. The method of claim 10, Wherein said threshold value 
is in the range 20-40% of the maximum pulse amplitude. 

12. The method of claim 10, Wherein said surface re?ec 
tion dependent component is de?ned as a distance betWeen 
said intersection and an extreme point of said interfering 
pulse. 

13. The method of claim 1, further comprising: 

if no surface re?ection is present in said Zone, obtaining 
a second sampled TDR signal ampli?ed in relation to 
said ?rst TDR signal, 

determining a compensation pulse signal using said stored 
pulse shape, said current maximum pulse amplitude 
and the updated current pulse position, and 

subtracting said compensating pulse signal from the sec 
ond sampled TDR signal. 

14. The method of claim 13, Wherein a signal resulting 
from the subtraction is used to determine said process 
variable. 

15. The method of claim 13, Wherein said second sampled 
TDR signal comprises a larger range than said ?rst sampled 
TDR signal. 
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16. The method of claim 1, further comprising: 

if a surface echo is present in said Zone, obtaining a 
second sampled TDR signal comprising a larger range 
than said ?rst sampled TDR signal, and 

subtracting said compensating pulse signal from the sec 
ond sampled TDR signal. 

17. The method of claim 16, Wherein a signal resulting 
from the subtraction is used to determine said process 
variable. 

18. The moethod of claim 1, Where the process variable is 
a level of an interface betWeen tWo materials in the tank 

19. A device for processing a time domain re?ectometry 
(TDR) signal used to determine at least one process variable 
for a material in a tank, comprising: 

means for generating a compensation pulse signal using a 
previously stored pulse shape, a current maXimum 
pulse amplitude and a current pulse position, 

means for subtracting said compensation pulse signal 
from a ?rst sampled TDR signal, 

means for determining if a surface re?ection occurs in a 
Zone Where said interfering pulse Will have a signi?cant 
interfering effect on the surface re?ection pulse, and 

means for updating the current pulse position if no surface 
re?ection occurs in this area. 
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20. A radar level gauge system, comprising: 

a pulse generator, 

a probe extending into a tank for guiding the signal, 

a sampling device for acquiring a sampled time domain 
re?ectometry (TDR) signal, and 

a TDR signal processing device for determining at least 
one process variable for a material in the tank, 

said TDR signal comprising at least a surface re?ection 
pulse caused by an interface betWeen different materi 
als in the tank, and an interfering pulse caused by the 
transition betWeen the signal generator and the probe, 

Wherein said processing device includes: 

means for generating a compensation signal using a 
previously stored pulse shape, a current maXimum 
pulse amplitude and a current pulse position, 

means for subtracting said compensation pulse signal 
from a ?rst sampled TDR signal, 

means for determining if a surface re?ection occurs in a 
Zone Where said interfering pulse Will have a signi?cant 
interfering effect on the surface re?ection pulse, and 

means for updating the current pulse position if no surface 
re?ection occurs in this area. 

* * * * * 


