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(57) ABSTRACT 

A logging system 2 is described in Which an input signal 
value is compared by a signal processor 12 to a trigger-band 
34 and an inner-band 36 centered about a previously logged 
value 34 and changing at a previously determined rate of 
change. When the trigger-band is exceeded at point 40, 
intermediate points are logged representing the maximum 
and minimum points since the last logged point and the point 
at Which the inner-band Was left. The intermediate points 
enable a more accurate subsequent reconstruction of the 
actual signal to be made from the logged values. 
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DATA LOGGING 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to data logging. More par 
ticularly, this invention relates to data logging systems that 
store the logged data on a storage medium using data 
compression by logging a sequence of data values and the 
times for Which they subsist. 

[0003] 2 Description of the Prior Art 

[0004] It is knoWn from Us. Pat. No. 4,616,320 to pro 
vide a seismic activity logging system in Which seismic data 
is recorded in compressed form into a long term memory 
comprising an integrated circuit memory. The seismic data 
is continuously recorded into a buffer memory. If the seismic 
signals eXceed a preset level, then the contents of the buffer 
and any further signals are stored in the long term memory 
until the seismic signal falls beloW a preset level for a preset 
period. The data is stored in compressed form by recording 
a signal value and a rate of change value starting from the 
signal value together With a time for Which the actual signal 
remains Within a preset tolerance of the value that Would be 
predicted by extrapolating from the signal value With the 
rate of change value. When the tolerance is eXceeded, a neW 
point is recorded. This is analogous to runlength coding. 

[0005] Aproblem Within the data logging ?eld in general 
and the above described system is that as the degree of 
compression increases there is an increase in the loss of 
detail Within the data recorded. 

SUMMARY OF THE INVENTION 

[0006] VieWed from one aspect the invention provides 
apparatus for logging to a storage medium input signal 
values as a sequence of logged values and respective time 
periods for Which said logged values subsist, said apparatus 
comprising: 

[0007] a trigger-band comparitor for comparing an 
input signal value With a trigger-band of signal 
values to determine Whether said input signal value 
is Within said trigger-band folloWing a preceding 
logged value; and 

[0008] (ii) signal processing logic coupled to said 
trigger-band comparitor and responsive to said input 
signal value being outside of said trigger-band to 
trigger logging of a neW logged value With a neW 
time period and setting of a neW value for said 
trigger-band, Wherein: 

[0009] (iii) said signal processing logic detects from 
said input signal value betWeen said preceding 
logged value and said neW logged value one or more 
intermediate points having predetermined character 
istics; and 

[0010] (iv) said signal processing logic additionally 
logs said intermediate points. 

[0011] The invention recognises that detail may be pre 
served Without unduly decreasing the compression by seek 
ing to detect one or more intermediate points having pre 
determined signi?cant characteristics and logging these 
points. 
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[0012] One eXample of such a signi?cant characteristic is 
the point at Which the signal Was last Within an inner-band 
that is narroWer than the trigger-band. 

[0013] This invention recognises that When gradual 
changes occur Within a signal value, then a loss of detail is 
not usually signi?cant. Conversely, When a rapid change 
occurs m a signal value, it is often desirable to store more 
detailed data representing the change in the signal value as, 
for eXample, sudden changes may be the result of faults or 
unusual conditions Which a user Will later Wish to study in 
detail. This feature eXploits this recognition by logging the 
last point at Which the signal Was Within an inner-band. 
When a rapid change occurs, eXtra detail is stored in that the 
eXit point of the inner band tolerance is logged as Well as the 
point at Which the trigger band tolerance is eXceeded. This 
additional intermediate point that is logged alloWs the sharp 
change in the input signal value to be reconstructed When the 
data is later analysed (the sharp comer Within a signal trace 
of the data value is kept by logging this additional point). 

[0014] Other intermediate points that may be logged are 
the maXimum and/or minimum input signal points that 
preceded the trigger-band being eXceeded. This eXtra detail 
alloWs a better reconstruction of the signal to be later made 
from the compressed logged data. 

[0015] It Will be appreciated that the data may be stored in 
many different representations. For eXample, it Would be 
possible to use a differential coding technique in Which 
changes in signal level Were recorded rather than absolute 
values. HoWever, it has been found advantageous to use 
embodiments in Which said logged value includes an initial 
signal level value of said input signal value. Logging an 
absolute value in this Way alloWs increased resistance to data 
corruption and/or data loss in that the input signal values can 
be reconstructed even if a break occurs Within the logged 
data stream. 

[0016] It Would be possible to use a compression tech 
nique that assumed that the input signal values remained 
constant other than at the points at Which changes Within 
them Were logged. HoWever, improved data compression 
and a better representation of the actual signal values may be 
recorded in embodiments in Which said logged value 
includes a rate of change value of said input signal value. In 
such embodiments the assumption is that the signal value is 
changing at a uniform rate and that only signi?cant devia 
tions from What Would be eXpected are recorded (or the 
maXimum time period of validity for a logged sample value 
Within the data format is exceeded). This has been found to 
give superior data compression and more accurate recon 
struction of real life signals. 

[0017] When the data compression model includes a rate 
of change value, then the period of validity of the logged 
values can be increased and so data compression ef?ciency 
increased in embodiments in Which said trigger band and 
said inner band are updated to change in accordance With 
said rate of change value. In this Way, the tolerance bands 
applied to triggering the recording of neW data are eXtrapo 
lated in the same Way as the stored data value. 

[0018] The construction of the system is simpli?ed in 
embodiments in Which said input signal value is sampled at 
a predetermined rate. 
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[0019] In order to enable the system to be adapted to 
different situations it is desirable that the predetermined rate 
is a user set parameter. 

[0020] When a ?xed sampling rate is used, then the time 
period logged can be expressed as a number of sample 
periods. The periodic insertion of a time stamp giving an 
absolute time value is also useful for reconstruction from the 
data. 

[0021] The values logged each time the trigger band 
tolerance is exceeded could be values representing the signal 
that had just passed, values giving at least a partial predic 
tion of the signal to come or a mixture of both. HoWever, in 
preferred embodiments of the invention said neW logged 
value and said neW time period represent said input signal 
value that subsisted from a time corresponding to an imme 
diately preceding logged point to a time corresponding to 
logging of said neW logged value and neW time period. 

[0022] At the time at Which the trigger band tolerance is 
exceeded, the signal value that previously subsisted (com 
prising a level and a rate of change) together With the 
number of sampling periods for Which that value Was valid 
is determined and so can be logged as one self-contained 
data unit. 

[0023] It Will be appreciated that it is possible that the 
inner band could be disposed asymmetrically Within the 
Wide band, but in most real life physical situations the best 
performance is achieved When said inner band is centrally 
located Within said Wide band. 

[0024] In order to facilitate the setting up of the logging 
system by a user, it is preferred that said inner band has a 
Width that is user set as a percentage of the Width of said 
trigger band. 

[0025] Various different storage media could be used, such 
as a solid state integrated circuit memory module (e.g. 
RAM) or a magnetic tape. HoWever, in preferred embodi 
ments of the invention the storage medium is a computer 
readable medium Using such a medium (eg a computer 
diskette, ZIP drive, removable hard drive, DAT tape etc) 
alloWs the logged information to be readily analysed by a 
standard PC that already has a mechanism for reading such 
a medium 

[0026] The apparatus may also be formed as a computer 
linked via a telecommunications link to a sensor. The remote 

computer then performs the role of the signal processor and 
comparitors on the received data. 

[0027] In a similar Way as the inner-band has a Width that 
is set as a percentage, the trigger band may be conveniently 
set up by a user as a percentage of the input signal value. 

[0028] VieWed from another aspect the present invention 
provides a method of logging to a storage medium input 
signal values as a sequence of logged values and respective 
time periods for Which said logged values subsist, said 
method comprising the steps of 

[0029] comparing an input signal value With a 
trigger band of signal values to determine Whether 
said input signal value is Within said trigger-band; 
and 

[0030] (ii) in response to said input signal value being 
outside of said trigger-band, triggering logging of a 
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neW logged value With a neW time period and setting 
of a neW value for said trigger-band, said method 
further comprising the step of; 

[0031] (iii) detecting from said input signal value 
betWeen said preceding logged value and said neW 
logged value one or more intermediate points having 
predetermined characteristics; and 

[0032] (iv) additionally logging said intermediate 
points. 

[0033] The above, and other objects, features and advan 
tages of this invention Will be apparent from the folloWing 
detailed description of illustrative embodiments Which is to 
be read in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] An embodiment of the invention Will noW be 
described, by Way of example only, With reference to the 
accompanying draWings, in Which: 

[0035] FIG. 1 schematically illustrates a data logging 
system; 

[0036] FIG. 2 illustrates a compression technique for use 
in a data logging system; 

[0037] FIG. 3 illustrates a trigger-band and an inner-band 
for use in determining the points to be logged Within a data 
logging system; and 

[0038] FIG. 4 is a ?oW diagram illustrating the operation 
of the system of FIG. 1 in determining Which points are to 
be logged. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] FIG. 1 illustrates a data logging system 2 for 
logging an input signal value 4. A transducer 6 converts the 
input signal value into an electrical signal that is supplied to 
an analog-to-digital converter 8. The output from the analog 
to-digital converter 8 is supplied to a signal processor 12. 
The sampling rate of the analog-to-digital converter 8 is 
controlled by a signal processor 12. The signal processor 12 
also processes, compresses and logs the stored digital 
sample values. The data values logged are recorded upon a 
computer diskette Within a diskette drive 14. 

[0040] The signal processor 12 incorporates a general 
purpose microprocessor operating under softWare control 
that co-ordinates the activities of the other elements of the 
data logging system 2. The signal processor also drives a 
display 16 and is responsive to user input keys 18. The 
display 16 can be used to provide a visual indication of the 
current input signal value as Well as a trace of its variation 
over time, Warnings, normal and abnormal bands, etc. The 
user input keys 18 can be used to call up different displays 
and to set user de?ned parameters for the operation of the 
signal logging system 2. 

[0041] The sampling frequency of the analog-to-digital 
converter 8 may be adjusted using the user input keys 18 and 
the signal processor 12. 

[0042] FIG. 2 illustrates the principle of the data com 
pression technique applied to the logged data values. An 
initial input signal level 20 and a rate of change value 22 are 
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recorded. Associated With these values is a tolerance band 
24. The tolerance band moves in accordance With the rate of 
change value 22. The input signal value is periodically 
sampled at a predetermined sampling frequency (sampling 
points not shoWn) until a point is found at Which the input 
signal value exceeds the tolerance band 24. In this example, 
this occurs at point 26. At point 26, the number of sampled 
periods for Which the ?rst input signal level 20 and the rate 
of change value 22 validly subsisted is knoWn and this can 
be recorded together With these ?rst values as a data unit so 
that in an approximate reconstruction of the input signal 
value can be made at a later time. In this embodiment, it has 
been found desirable to use a single byte to record the 
number of time periods for Which an initial value subsists 
and accordingly the maximum number of time periods 
before a neW value is recorded is 256, i.e. a neW value Will 
be recorded after 256 intervals even if the tolerance band has 
not been exceeded. If more bytes Were used to store the time 
period or a variable number of bytes used, then the time 
period could have a much greater value. 

[0043] At point 26, a neW initial input signal level value is 
stored together With a neW rate of change value. In this case, 
it Will be clearly seen hoW the tolerance band minimum and 
maximum points increase in accordance With the rate of 
change value as time progresses. At point 28, the input signal 
value again falls outside of the tolerance band and so a neW 
point is stored (in practice the point before the breach). It 
Will be appreciated that this type of coding is in some Ways 
similar to run length coding modi?ed in that the runs can 
have a constant rate of change associated With them. The 
angle betWeen the point Where the breach occurred and the 
preceding point is used to calculate the neW rate of change 
value. 

[0044] The tolerance band 24 may be set as a percentage 
of the input signal level. The narroWer the tolerance band 24 
is made, the more frequently Will the input signal level fall 
outside the tolerance band and so a larger number of points 
be stored. Whilst this reduces the degree of data compres 
sion, it also increases the resolution of the signal that can be 
reconstructed from the stored data. The unit may be initially 
supplied With a preset value (eg 1.5% of the signal value) 
that Will alloW data to be logged Without any user setup. User 
setup can then take place later When experience has been 
gained of the type of results that Will be generated. 

[0045] FIG. 3 illustrates tWo possible input signal values 
30, 32 and hoW they produce different results When trigger 
band and inner-band tolerances are employed together. The 
trigger-band tolerance 34 and the inner-band tolerance 36 
are initially centered upon a ?rst point 38. The inner 
tolerance band 36 may be user set as a percentage of the 
trigger-tolerance band 34. 

[0046] The signal 32 gradually increases until it exits the 
trigger-tolerance band 34 at point 40. At this point, the point 
42 at Which the inner-band Was left is logged and if different, 
the point 40 at Which the trigger band Was left is also logged. 
In the case of a rapidly changing signal 30 this captures the 
“comer” of the signal change. 

[0047] As a rolling process, the signal processor 12 also 
stores an indication of the position and value of the maxi 
mum and minimum 43 signal values that have occurred 
since the last point Was logged. The maximum and/or 
minimum points are also logged as intermediate points When 
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the trigger-band is left. The signal betWeen point 38 and 
point 40 is broken doWn into a sequence of segments linking 
the points via any intermediate points 43. 

[0048] FIG. 4 is a How diagram illustrating the operation 
of the signal processor 12 in accordance With the sampling 
technique discussed in FIG. 3. At step 46 the input signal 
value is sampled by the transducer 6 and the analog-to 
digital converter 8. At step 47 any necessary updates are 
made to the currently stored points representing the maxi 
mum and minimum values since the last logged point and 
the latest point at Which the inner band 36 Was left. At step 
48 a test is made to determine if the latest sampled value falls 
outside the trigger-band tolerance. If this test is negative, 
then the time period of validity for the previously stored 
sample is incremented by one sampling period at step 50 and 
the processing is returned to step 46. 

[0049] If the result of the test of step 48 is positive, then 
the signal processor 12 reads the stored intermediate point 
data and breaks doWn the signal since the last logged point 
into segments linking these intermediate points at step 52. 
These segments are then logged at step 54 before processing 
returns to step 46. 

[0050] Although illustrative embodiments of the invention 
have been described in detail herein With reference to the 
accompanying draWings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various changes and modi?cations can be effected 
therein by one skilled in the art Without departing from the 
scope and spirit of the invention as de?ned by the appended 
claims. 

We claim 

1. Apparatus for logging to a storage medium input signal 
values as a sequence of logged values and respective time 
periods for Which said logged values subsist, said apparatus 
comprising: 

(i) a trigger-band comparitor for comparing an input 
signal value With a trigger-band of signal values to 
determine Whether said input signal value is Within said 
trigger-band folloWing a preceding logged value; and 

(ii) signal processing logic coupled to said trigger-band 
comparitor and responsive to said input signal value 
being outside of said trigger-band to trigger logging of 
a neW logged value With a neW time period and setting 
of a neW value for said trigger-band, Wherein: 

(iii) said signal processing logic detects from said input 
signal value betWeen said preceding logged value and 
said neW logged value one or more intermediate points 
having predetermined characteristics; and 

(iv) said signal processing logic additionally logs said 
intermediate points. 

2. Apparatus as claimed in claim 1, Wherein 

said signal processing logic includes an inner-band com 
paritor for comparing said input signal value an inner 
band of signal value to determine Whether said signal 
value is Within said inner band; and 

said signal processing logic detects that most recent point 
at Which said input signal value Was Within said inner 
band preceding said neW logged value and logs said 
point as one of said intermediate points. 
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3. Apparatus as claimed in claim 1, wherein said signal 
processing logic detects a maximum signal value point 
betWeen said preceding logged value and said neW logged 
value and logs said point as one of said intermediate points. 

4. Apparatus as claimed in claim 1, Wherein said signal 
processing logic detects a minimum signal value point 
betWeen said preceding logged value and said neW logged 
value and logs said point as one of said intermediate points. 

5. Apparatus as claimed in preceding claim 1, Wherein 
said logged value includes an initial signal level value of 
said input signal value. 

6. Apparatus as claimed in claim 1, Wherein said logged 
value includes a rate of change value of said input signal 
value. 

7. Apparatus as claimed in claim 6, Wherein said trigger 
band is updated to change in accordance With said rate of 
change value. 

8. Apparatus as claimed in claim 7, said signal processing 
logic includes an inner-band comparitor for comparing said 
input signal value an inner-band of signal value to determine 
Whether said signal value is Within said inner band; and 

said signal processing logic detects that most recent point 
at Which said input signal value Was Within said inner 
band preceding said neW logged value and logs said 
point as one of said intermediate points; and 

Wherein said inner-band is updated to change in accor 
dance With said rate of change value. 

9. Apparatus as claimed in claim 1, Wherein said input 
signal value is sampled at a predetermined rate. 

10. Apparatus as claimed in claim 9, Wherein said prede 
termined rate is a user set parameter. 

11. Apparatus as claimed in claim 5, Wherein said time 
period is stored as a number of sampling periods for Which 
said logged value subsists. 

12. Apparatus as claimed in claim 1, Wherein said neW 
logged value and said neW time period represents said input 
signal value that subsisted from a time corresponding to an 
immediately preceding logged point to a time corresponding 
to logging of said neW logged value and neW time period. 

13. Apparatus as claimed in claim 3, said signal process 
ing logic includes an inner-band comparitor for comparing 
said input signal value an inner-band of signal value to 
determine Whether said signal value is Within said inner 
band; and 
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said signal processing logic detects that most recent point 
at Which said input signal value Was Within said inner 
band preceding said neW logged value and logs said 
point as one of said intermediate points; and 

Wherein said inner-band is centrally located Within said 
trigger-band. 

14. Apparatus as claimed in claim 3, said signal process 
ing logic includes an inner-band comparitor for comparing 
said input signal value an inner-band of signal value to 
determine Whether said signal value is Within said inner 
band; and 

said signal processing logic detects that most recent point 
at Which said input signal value Was Within said inner 
band preceding said neW logged value and logs said 
point as one of said intermediate points; and 

Wherein said inner-band has a Width that is user set as a 
percentage of the Width of said trigger-band. 

15. Apparatus as claimed in claim 1, Wherein said storage 
medium is a computer readable medium 

16. Apparatus as claimed in claim 1, Wherein the Width of 
said trigger-band is user set as a percentage of said input 
signal value. 

17. Amethod of logging to a storage medium input signal 
values as a sequence of logged values and respective time 
periods for Which said logged values subsist, said method 
comprising the steps of: 

(i) comparing an input signal value With a trigger band of 
signal values to determine Whether said input signal 
value is Within said trigger-band; and 

(ii) in response to said input signal value being outside of 
said trigger-band, triggering logging of a neW logged 
value With a neW time period and setting of a neW value 
for said trigger-band, said method further comprising 
the step of; 

(iii) detecting from said input signal value betWeen said 
preceding logged value and said neW logged value one 
or more intermediate points having predetermined 
characteristics; and 

(iv) additionally logging said intermediate points. 

* * * * * 


