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Reference Curves For Signal Comparison
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What is a Reference curve?

The reference curve is defined by a user. With the reference curves, we can compare different types of signals (time domain,
frequency domain) to the reference signal and see whether our signal is above or below the reference limit.

Available reference curves in Dewesoft X are:

o time reference curve,

XY reference curve,
¢ frequency domain reference curve, and
vector reference curve.

o
-

Frequency [Hz]

126.99 35777 1007.94

Image 1: Reference curve example
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When the Time reference curve is used?

With Time reference curve we define the reference curve in the time domain, displayed on the recorder. The time reference

curve is used for monitoring the time domain data. The time reference curve can be added under math functions Add math ->

Time reference curve.
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Imane 2: Add the Time reference curve

Time based Reference curve

The Time based reference curve is useful for defining a curve in time as a reference during a certain test, which has to follow
a certain protocol. Let's say we have a test where we need to accelerate to 100 km/h in 10 seconds, drive constantly for 10
seconds, and decelerate to 0 km/h in 10 seconds.

We can define each curve starting criteria. If the Start condition channel is not defined, the curve will start at the beginning of
the measurement. Maybe it would be nice to define the start of the test on a channel that measures vehicle velocity, but then
we have to define the limit on which the measurement will Start if value is above (this field appears only when Start
conditional channel is selected - default = ). In our example, we could enter for example 2 km/h.

The next step is to define the Number of points and the points themselves in the list. In our case we would have four points, so
we enter this in the field.



A Time reference curve setup O >

Reference curve type Mumber of points
ITlme based VI |4 = |

Start condition channel Start if value above

[ -

Mame |Reference 1 |

Description | |

| Prawview I Waluss I Time axis |

Time (s) Value

Max value 5-

L R
(== T
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RMS
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Min

Scooo
oo

Min value = Copy Paste

Image 3: Time based reference curve

Single value based Reference curve

A single value based reference curve can be understood as a sort of non-linear scaling. We need to define a First reference
channel, Number of points, and a table with the values of reference and output channel.

So in the example on image 4, if the input channel will be 3, the output value will be 5. The values will be interpolated in
between the points. So if the input is 2.5, the output will be 3.5. If the value is below or above the lowest or highest point, data
will be extrapolated from the two lowest or highest points. If we have 0 at the input, we will have 0 at output. If we have 5 at the
input, we will have 11 at the output.

On the upper right, you will have previewed diagram of your inputs.



4% Time reference curve setup O d

Reference curve type

ISingIe value based VI
First reference channel Mumber of points
AL « =
MName |Reference 1 |
Description |— |

wie [ | ool

- - Ref. val Value
| Preview I Values I Time axis |
’ ! Define the values
Max value 5- 2 2 -
3 5 in the table.
= A 3
Max 2.97 - B
RMS 0.7833 - e
Average 1.098 - E—
Min -0.02356 -
Min value Fe=—— Copy Paste
Templates | Save
+ -

Cancel

Image 4: Single value based reference curve

'Single value based" option was removed from Time reference curve setup from Dewesoft X3 SP12 - Release notes.
Substitute is to use Scaling math and configure "Input value" column as "Ref. value" column in old setup.

A Scaling setup O >
Scaling Tahle A
i Q | humber of poi -
points |4
Nonlinear scaling characteristic
Table (Ch. avg. from: AI 1)
[ |Dats events # Ch. avg. | Input... | Outpu...
1 e a 1
2 e 2 2
3 e 3 5
4 e 4 3
Al 1/5caled I
Mame |AI 1/5caled |
Description |- |
Uit Coor
Previe Values
HMax value 12,528V
RMS 4768V
Average 317V m
Min -1,65V .
Min value 4y — =
< >
<MNone> A @
Template is changed I} Copy B Paste
oK Cancel
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Dual value based Reference curve

Dual value based reference curve has two inputs: First reference channel and Second reference channel. We can imagine as
the tridimensional surface of reference points X and Y are two reference channels while the Z is defined points. We need to
define first the channels and the Number of points for each channel.

Then we need to enter the reference values in the list. Display on the right upper part if the Reference curve setup window now
shows the curve.

Reference curve type
Dual value based w
First reference channel Number of points
| A1 1 MRRE =
Second reference channel
MNumber of points
| AL 1/MAX ~] l—‘A
4 b
Mame |Reference 5 |
Description | |

Ch. 21 2 3
| Prewview I Walues I Time axis | ch. 1
1 2 1 3
Max
Max value 5-— N 5 3 4
3 8 4 5
Max 5.346 -
RMS 1.782 - —
Average 2.589 -
Min -0.1259 -
Min value -5- Copy Paste
Templates || Save
+

Cancel

Image 5: Dual value based reference curve

A good example of using a dual reference curve is to define the limit oil pressure referenced to RPM and the oil temperature.

From data file Reference curve

The time reference curve can be imported from another data file.



4 Time reference curve setup - O >

Settings

Image &: Reference curve From data file



Example 1 Time Reference curve

Let's say we have a test where we need to accelerate to 100 km/h in 10 seconds, drive constantly for 10 second and
decelerate to 0 km/h in 10 second.

In our example, we can enter the start condition for example 2 km/h. The table below shows how our vehicle should behave.

Point number Time [s] Velocity [km/h]
Tst 0 2
2nd 10 100
3rd 20 100
4th 30 0

The next step is to define the number of points and the points themself. In our case, we have 4 points.

A% Time reference curve setup O >
Reference curve type MNumber of points
Time based ~ 4 =
Start condition channel EEwtiF e shove
Vehide_Acc R |
<- Reference 5 -=
MName |Reference 5 |
Description | |
Time (s) Value
| Preview I Values I Time axis | 10 100
Max value 5- 20 100
30 a
Max 2- -_—
RMS 0-
Average 2- — -
Min 2-
Min value 5 — Copy Paste
Templates w~ | Save
+

Imane 7: Define the number of points and the points themself

We can display our time reference curve on the recorder. Then we can use the Formula Math channel, to see if we are above

or under our reference:



if("Vehicle_Acc'>'Reference5',1,0)

This formula will give you a value of "1"if our signal from the vehicle is above the reference curve and '0' if our real signal is
below the limit.

t=20,50000; Reference 1 = 91,0000

120

Reference cl

Caracc, -

Reference 1, -

tls]

=20

0,000 9,326 18,653 27,979 37,305

t= 23,30000; Car acc = 69,858
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Image 8: Monitoring point will change its color as the real signal will go above the reference curve



When the XY Reference curve is used?

The XY reference curve math module provides the reference curve for the XY recorder. The XY reference curve can be added
the same as the Time reference curve was, under Add math -> XY reference curve.

When you open the setup for the XY reference curve, the window shown on image 9 will open.

Ah XY reference curve setup O *

Mumber of points
¥ channel 5 - Copy Paste
|a1 1 v]

X ¥

¥ channel
|Vehide_ﬁ\cc W |

1.5
1.6
16

Mmoo R e 3

Mame |5tatus| |

Description | - |

[ Preview | Values |

Templates v | | Save

Cancel

Image 9: XY reference curve setup

After choosing the input channels for the X and Y channel, we need to set the number of points for the XY reference curve.
The reference points can be entered value by value or transferred with the copy-paste function. Copy button copies all the
points to the clipboard in a tab-delimited style, so it can be easily pasted to any spreadsheet software. Also, the values can be
copied from other spreadsheets with the Paste command, where the data has to be tab-delimited and each line should be
terminated with carriage return/line feed character.

For example in the following picture of MS Excel, we chose the data range and selected Copy, afterward, the data can be easily
pasted into
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There is another advantage of the reference curve. The output channel (Status in our case) gives a value of 1 when the XY

Number of points
5 = Copy
X ¥

0 0

1 1

2 1.5
3 1.6
5 16

mage 10: Easily Copy-Paste values to, or from MS Excel

L= BN ¥ DR - FE R LN R

b w N oO

1.5
1,6
1,6

curve crosses the reference curve. This can be used for trigger criteria or for counting of events (with ECNT function in formula

editor).

Q Dewesoft
Analyse Setup files  Ch. setup
Store Pause Stop Freeze Design Widgets

@ XY recorder

Controls 1 E} {-I:-} {\:/}
Columns 2 E} {-I:-} {\:/}

@ X Axis

Ticks type Automatic

@ Y Axis

Ticks type Automatic

| Setup ” Curve || Cursor|

=]

Amplifier

Recorder
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Example [1: XY reference curve

In the example below, we have two Eddy current proximity probes that measure proximity. While placing the probes around the
shaft, we can see the movement of the shaft. In the reference curve setup, we defined the rectangular, with maximum allowed

movement.

XY reference curve setup
MNumber of points
¥ channel 5 =
|E-:|-:h,r 1 v | - -
¥ channel 0.175 0.1
|E-:|-:h,r 2 v | 0.6 0.1
0.6 0.375
0,175 0.375
Mame |Statu5 | 0.175 0.1
Description |- |
| Preview | values |
Min: 0 [0.0000]
Max: 1 [1.0000]
Templates || Save
+ -

Caopy

Paste

Cancel

Image 12: Define the rectangular with maximum allowed movement

With displayed XY reference curve in the XY recorder, we can monitor the movement of the shaft and if it stays inside the

allowed borders.
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[wul | fippa

F----

0.7

0,525
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0,175

Imane 13: Monitoring the shaft movement
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How to use the FFT Reference curve?

The FFT reference curve math module provides the reference curve for the FFT display. It can be used for displaying the
reference on FFT screen and also to provide a math output channel which goes high when the levels are exceeded.

FFT reference curve can be added under the Math section, Add math -> Frequency domain reference curve.

In the channel setup, we define the maximum number of lines, window type, and overlap.

Frequency domain ref, curve setup O >

Number of lines

Channel
Sine w 4096 i
Window type
FFTReference -= Blackman V
Overlap
D S
Name | FFTReference |
L [ Interpolate values
BEE L | | [ skip ¥ axis scaling from graph

Values Mumber of points

Copy Paste
f (Hz) Ampl
a 1.75647E-7

244141 3.51816E-7
4.88281 3.57404E-7

1 [1.0000] 7.32422 3.69512E-7
9,76583 3.84413E-7
a a
a a
a a
a a
a a

Templates w || Save

Getcurrent data | o 4»

Cancel

Image 14: FFT reference curve

These values will be used for the calculation of the FFT spectrum. Then we define the limits - limit table. They can be entered

value by value or from current data.

Get current data means that current FFT (in the setup screen) will be taken as the reference. We can define some offset to
that reference (with up/down and left/right arrows button). Similar to the FFT trigger it will raise/widen the current transfer

curve.
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Mumber of points
Copy Paste
fe) | ampl | A

0 0.803306

244141 1.06033

4.88251 0.26144

7.324922 0.00918952

9.76563 0.00111773

12,207 0.000844554

14.6484 0.000539328

17,0898 0.00035275

19,5313 0,00024052+

21,9727 0,00017065#

24,4141 0,00012515= N

EXmm e

Image 15 Get current data

The FFT reference curve can be used in FFT display to show some reference lines, while the output channel (hamed Status in

the screenshots) can be used for displaying either if the current data is above or below the defined reference.

Farmula 1; - [-]

25

14

13

0,53

- c . -

f= 205,08 Hz; Formula 1= 0,0001 - FFT I ; Q%l

N I TTTTTT T T T —— L L
1 1 1 |
| | | t
| | | |
1 1 1 1
| | |
1 1 1
| | |
| | |
1 1 1
| | |
1 1 1
| | | |
| | | |

T-—"~""~""~>""™"~"77 T-—"7"7=7 L I 1
| | | |
1 1 1 1
| | |
1 I 1 1
| | | |
| | | |
1 1 1 1
| | t |
1 1 1 1
| | | |
| | | |
| | |

0,00 50,00 100,00 150,00 200,00'

Image 16: Reference curve on FFT
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Example [Il: FFT domain Reference curve

Let's take an example of using the tuning fork. With the reference curve, we can check if the tuning forks are working correctly.

The frequency of tuning fork is approximately 440 Hz. We create a reference curve, with allowed amplitude and frequency

range.

Frequency domain ref, curve setup

Description | |

Channel Mumber of lines
[funing Fork o] | |08
Window type
FFTReference - Bladkman
Qverlap
a
Mame | FFTReference |

[ ]interpolate values
[]skip ¥ axis scaling from graph

Values Number of points IZ'
Paste
f (Hz) Ampl
a a
400 0.3
420 0.5
1 [1.0000] 460 0.3
430 a
Templates ~ || Save <
Getcurrentdata | [ |4
+ -

Cancel

Image 17: Create a reference curve, with allowed amplitude and frequency range

We add an FFT display, select the channel (Tuning fork) and display the FFT reference curve. The FFT reference curve can be

obtained during the measurement, with the Get current data option.

During the measurement, we can also observe the time signal on the recorder and the FFT of the signal as it is shown on

image 18. If the FFT signal from the tuning fork (green) is under the FFT reference curve (red) we can conclude that the tuning

forks are working properly.

15



Get current data

500.00

mage 18: Preview the FFT diagram of tuning forks and apply the FFT reference curve



How to make a Vector Reference curve?

In vector reference curve we define the reference curves for the input channel, which is usually an array (FFT data, ...).

£ Vector reference curve setup

[[Previews | values | x ads |

- (V)

G000

0000

G000
0000 0000 0000

Templates | | Save

+

Searen Q Reference type
AL 1fFFTRef. Lower ~ |:| Linear interpolation
X axi + Li
Number of points HEAEE
Y axis type  Lin
Copy Paste
¥axis (Hz) [ Lower (V) [E]
0.00 0.00
Name | Lower | 10.00 1.00
Description | | 0.00 0.00

[ check signal bounds

Cancel

Imange 19: Vector reference curve setup

The reference curve type can be selected from:

¢ Jower (define the lower limit),
e upper (define the upper limit), and
o Jower & upper (define the lower and upper limit).

With linear interpolation, the program will draw a direct line between the two neighborhood points. It will give a smoother

transition between points on the curve.

17



Upper; ]
|

¥axis [Hz]

16.000 75.659 35701 1691.794 8000.000

Haxis=8000.000Hz; Value=28.080V

Upper; [¥]
|

¥axis [Hz)

16.000 75.659 357771 1681.784 8000.000

Imane 20: Impact of the linear interpolation

Check signal bounds will create an additional output channel which will output ' 1" when the input is higher than the reference
curve and will output '0' when the input is below the reference curve

Axes settings can be selected from:

e linear,

e Jogarithmic,

e (0 dB (dB reference will be set from the range of the first channel),
¢ Noise dB (the reference value is 20 uPa), and

e ref. dB (user enters the reference value).

18



Image 21: Axes

settings

Next, we define the points in the limit table. We can define the points manually or copy/paste if from an external program.

Rename the channels with the click on the icon in the top right corner and selecting the Change axis name/unit option.

Data
Xaxis (Hz) |[E] gz D) =

0.00 Change axis name/unit l

10.00 Edit colurmns

0.00 Sort by this column
Unsort
Copy visible rows >
Copy all rows >

Image 22: Change names

When we paste the data from an external program (e.g. Excel) we have to be careful to write the right names for the axis.
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Example IV: Cylinder pressure Reference curve

Create a reference curve math with add Math -> Vector reference curve.

Open the settings for the vector reference curve and select the channel that will be used for checking the level - we use
CylPressure.

Linear interpolation will give a smoother transition between points on the curve. Check signal bounds will create an
additional output channel which will output 1T when the input is higher than the reference curve and will output 0 when the
input is below the reference curve.

The reference curve is defined with a table. The first column is the crank angle (X) axis, and the second column the amplitude
of the reference (Y) axis. In this first example, we have defined only two points with a value of 41 (bar).

A Vector reference curve setup O >
Input Settings
Search Q, Reference type
[“lcyl1jcylPressure |Up|::er vl pALinear interpolation | ] Check signal bounds_|
£ oainte |2 — | %axis type: Lin

il S et

| Copy || Paste

Data

Xawis Hz) [ Upper (V) =
- Cyl1jc -300.00 41.00
MName |Maximum pressure reached |
Descripton |- |
oo ] ool
o[o]
Tﬂmlalzs| V|| Save |
[-]
ok | cancel

Image 23: Set the table for CylPressure channel

We have added a CA scope and selected the cylinder pressure signal and reference curve for display. An indicator lamp was
also added and the output channel from the vector reference curve assigned to it. When the pressure is above the reference
curve the indicator lamp will turn red, otherwise, it stays green. The output from the channel goes from 0 to 1, when the
reference axis is crossed.

20



Maximum pressure reache

180.000

0.000

-180.000

[] '@ainz aousaaya

[eq] ‘sunssaidii oy LA

360.000

-350.000

Image 24: Monitoring CEA scope with cylindar pressure signal and the reference curve - Maximum pressure was reached

Maximum pressure reache

180,000

0.000

~180.000

[] fasino aauaayoy

350.000

-360.000

Image 25 Monitoring CEA scope with cylinder pressure signal and the referance curve - Maximum pressure is not reached yet
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We can modify the simple reference curve. It is also very easy to create a reference curve from a recorded pressure signal. For
this, we need some datafile with the pressure signal that will be used as a reference.

First, we add Basic statistics inside the Math section.

We open the basic statistics setup and select the pressure channel from the combustion analysis module (combustion
analysis must be added in order to have a crank-angle domain instead of time-domain). Maximum should be selected to get
the maximum value of all the cycles and under calculation type time based and single value.

4% Basic statistics setup

Input

Search

TESSUIE

¥ 1/ C v
lcyiyjcylr

|| FFTReference

MName

|(v11;‘(viPrasure,-‘HAx |

D ki |_

Units

v

coir [T

O *
Output channels
[IrRms [(reak (] Minimum [Jvariance
[] quadratic RMS []Peak-peak [ Time of minimum Ocov
[ Average [ crest factor [ standard deviation
Median [15um [ Time of maximum
Time based Sample based
[ELoeE)
LSPﬂI.I HD\'[RLHP
Block based
Running
Single value
+ + 4+ trissers
Triggered blocks
START STOF
Start-stop blocks

[JReset on file start

| | canl

Image 26: Setup the basic statistics

When we add this new channel on the CA scope we see that we get the maximum value of pressure from all the cycles.
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1
feme——-a
[T

ABS MAX Pressure; [bar]

-90.0 450 0.0 45.0 30.0

Image 27: On the CEA scope you are able to see the maximum value of pressure from all the cycles

Now we need to make an offset curve that will be used as a trigger. As an example, we will make a curve that will trigger the
vector reference curve output channel when the maximum pressure is above 110%.

We create a new formula in the Math module where we multiply the previous basic statistics channel with 1.1.

'ABS MAX Pressure'*1.1

The next step is to display only the last created formula on the CEA scope and copy the data to the clipboard.

I @ Edit I Options

Undelete

Al

Widget as image Copy to clipboard > I

Widget group as image Save to file... > ﬁ
D

Display as image

|Sea|'-:h Q
I/l CyllfCylspeed
W\, Cyl1/CylPressure

Widget data

Widget group data

Widget group Ctrl+C M, AT 4
Display U, AT 5
I ars

Image 28: Copy CEA scope data

We open again the vector reference curve setup and simply paste the values.
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A Vector reference curve setup - O >

Settings

Limit table

Image 29: Paste CEA scope data as the vector reference curve

It is also possible to reduce the number of points for the reference curve in Excel.

Copy the data to excel and use the formula =OFFSET(Sheet2!AS1,(ROW()-1)*100,0) to output only every 100th line. This will
make modifying the refence curve much easier since there will be only 37 points left instead of 3600.

24



El fe || =OFFSET(Sheet2!A$1,(ROW()-1)*100,0)

A , | o | E F | G H
1, -360 11 -360 11
2| -359.8 11 -340 1
3| -359.6 11 -320 1
4| -359.4 11 -300 1
5| -359.2 11 -280 1
6|  -359 11 -260 1
7| -358.8 11 -240 1
8| -358.6 11 -220 1
9| -3584 1 -200 1
10| -358.2 1 -180 1
1| -358 1 -160 11
12| -357.8 1 -140 1.2
13| -357.6 1 -120 14
14| -357.4 1 -100 1.8
15| -357.2 1 -80 2.6
16|  -357 1 -60 4.5
17|  -356.8 1 -40 9.3
18| -356.6 1 -20 23.4
19| -356.4 1 0 414
20| -356.2 1 20 32.2
21|  -356 1 40 12.6
22| -355.8 1 60 5.9
23| -355.6 1 80 3.4
24| -355.4 1 100 2.3
25| -355.2 1 120 1.8
26|  -355 1 140 1.5
27| -354.8 1 160 1.3
28| -354.6 1 180 11
20| -354.4 1 200 1
30| -354.2 1 220 1
31| -354 1 240 1
32| -353.8 1 260 11
33| -353.6 1 280 11
34| -3534 1 300 11
35| -353.2 1 320 1.2
36|  -353 1 340 1.2
37| -352.8 1 360 11
38| -352.6 1

Imane 30: Reference curve from MS Excel
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