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Introduction

MoTeC’s i2 application sets a new standard in data analysis software. Included within i2 is an
extensible maths engine that lets you manipulate your data with a large number of built in maths
functions. Although the list of maths functions provided with i2 is comprehensive, sometimes analysis
of your data requires specialised functions. This document outlines the process for writing custom
math functions that can be used in i2 Pro projects.

Functions :
Scope choose A
coE
This document applies to i2 Pro cozh
derivative
Math Functions .
expl0
MoTeC provides a template that can be used to create a new maths | fiter_cheby bp
function. It is witten extemnally of 2 using VB, C++ or another | fitercheby bs ~

fltar ~lhabi e
programming language. Once created, they can be added to the

functions list as shown, and can be called just like any other maths | Inzert Function
function within an i2 math expression.

An example of a possible function will be used to help explain the process:

For example: you may want to create a specialised status hold channel that is active whenever the
engine RPM is above 5000rpm for 2 seconds and inactive the rest of the time.

Software Required

To assist in creating a new function, MoTeC provides some samples with i2 Pro that are written in
VB.net and C++. You will need a general understanding of programming in either of these
languages to complete this process, as well as the appropriate VB.net or C++ programming
software. VB.net is available for free from the Microsoft web site in an express edition, but if you
were to do maths function programming regularly, it would be useful to buy a full VB.net version, as
some of the reduced functionality in “VB.net express” makes the job far more time consuming.

VB.net example

To start, decide whether you are going to use VB.net or C++, then navigate to the appropriate
sample directory. In this example we will use VB.net, the samples for which are in:

“C:\Program Files\MoTeC\i2\1.0\Samples\Maths\Functions\VB.NET\MyFunctions”.

The files there include the VB.net solution file (.sln), and the VB.net source files. Start by double
clicking on the solution file “myfunctions.sin” to open it within VB.net.
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% C:\Program Files\MoTeC\i2}1.0\5amples\Maths\Functions\VB.NETWyF unctions

Eile Edit ¥iew Favorites Tools Help a
e Back ~ () lm? - gearch ([ Foldars =)=
Address ‘[h CYProgram Files\MoTeCh241 DhSarmplesiathsiFunctions\Ve. NE T YWyFunctions A4 ‘ Go
Falders X Name Size | Type Date
23 _UpgradeReport_Files File Folder 16,05
=0 i/ Elaafl?up i File Folder 16,405
=010 =bin File Falder 17,05,
2 Demas My Project File Falder 16/05,
I Help File Folder 17,08,
(23 Plugins 1KB Microsoft Wisual Studio Solution 16,405,
(22 Profiles 1KB USER File 17,05,
= [ Samples GeEMyFunctions. vbproj S KB Wisual Basic Project file 17405
= ) Maths 2] Assemblylnfo.vb 2KB Wisual Basic Source file 10412
=] hald.vb SkB Wisual Basic Source file 17405
= I3 Functions N .
o & Crr 1] jamiefilter.vb G KB “isual Basic Source file 17405
=] Mean.vb 4 KB Wisual Basic Source file 29,07
2 MyFunctions =] Timeshiftuh 4KB WVisual Basic Source file 17,05,
3 SineGenerator MyFunctions.suo 19 KB Visual Studio Solution User Op... 17,405
= [ WB.MET [=upgradeLog. XML 3KB ML Docurment 16/05,
= 23 MyFunctions
() _Upgradereport_Files
) Backup
(3 bin
£ My Project
(£ obj
55 Plunir v | 4
Size: 912 bytes Type: Microsoft Visual Studio Solution Wersion: Yisual Basic Express 2005 Date Modified: 16/05/2006 2:40 | 912 bytes 4§ My Computer

Location of the VB functions directory.

The picture below shows the “MyFucntions” solution file and VB source code files open in Visual
Basic 2005 Express. The code is written in such a way that you should be able to leave the majority
of the structure and code in place and modify a copy of an existing function to suit your
requirement. We will begin by using an existing function to form the basis of our new function.

- Goto ‘Project — Add New Item’ and select the icon ‘Class’, enter the name “Hold.vb”
- Select all of the code in ‘TimeShift.vb’ and copy it into ‘Hold.vb’

- Replace all instances of the text ‘TimeShift” with ‘Hold’

- new GUIDs will need to be generated for this function. Go to ‘Tools — External Tools” and click on
‘Add’, then the select button next to the ‘Command’ parameter

& MyFunctions - Microsoft Visual Basic 2005 Express Edition

File Edit Wiew Project Buld Debug Data Tools Window Community Help

E = S = ! == o= | 53] » =
Sl - ¢ @SS b i@ ST (== | Eg 3R (g
}{E’ delta.vb [ Mean.vb |~ AssemblyInfo.vb |~ TimeShift.vb "Hold.wb|™ MyFunctions ~ || Solution Explarer >3 x
3 |“‘$Hold VH “Evaluate v| 2 | [F] [
ér ] ' —1 | 2 MyFunctions
' COM Implementation . [=dl My Project
L . 18] AssemblyInfo.vh
s R Tarm s S e - — - _ - - —e . —— . - 'E]dslta.vh
B Public Function Evaluate (ByVal Args A3 Interpreter.IMtcArgs) As Object Implements Interpreter.IMi
15] Hold.vb
Y] m b
Dim channel &s Interpreter.IMtcMathi: rgs.Item("C 'é'l’\:i;r:iﬂ.vb
Dim 1000000
Dim result As Interpreter .CreateResulthrrayv()

Dim upper As Integer = re
Dim ' hannel.Samples
Dim in flags() ks Byte = channel.3ampleFlags

Dim out_samples (upper) As Single
Dim flags (upper) As Byte
Dim i ZAs Integer

Dim latch As Boolean = False
Dim t_latech &As S5ingle = 0.0

For i = 0 To upper
Dim t As Single = channel.SampleTime (1)
If in_flags (i) Then
If in samples(i) Then
If Not latcl I Properties >3 %
F’—_at Evaluate Attributes -
latch = Tru
End If 2 &=
out_samples (i) = (t - latch) > t_hold COM Visible True
D Displd False
lacch = False
out_samples(i) = 0
End If
Else v

|~
|
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External Tools

Menu conkents:
GUID Gen add

Move Up

[Mew Tool 1

Title: ‘ [Mew Toal 1]

|

Command: ‘ |
Argumnernts: ‘ | %
]

Inikial direckory: ‘

[use output window [ 1Prompt Far arguments
Close on exit

[ Ok ] [ Cancel

- Navigate to the directory ‘Common7 — Tools” and open the file ‘guidgen.exe’
- Change the title from “[New Tool 1]” to “GUID Gen” and click on OK.

- Note that once installed, the GUID Gen tool can then be used to generate IDs for any further new
Functions.

- We need to generate 3 new GUIDs for the constants in our new function. Under the ‘Tools” menu
there should now be an item “GUID Gen”, click on this to run the GUID generator.

- Select GUID Format number 4 “Registry format” and click on ‘New GUID’

Create GUID E]EX]

Choosge the desired format below, then zelect "Copy' to

copy the results to the clipboard [the results can then be
pasted into pour zource code]. Choosze "Exit'" when
done,

GUIC Faorrnat

(1. IMPLEMENT_OLECREATE...]
()2 DEFINE_GUIDL...]

() 3. static const stuct GUID ={ .}

(%334, Flegisty Fomat [ie, fuem-u w1

Fezult
{4B171074-34FF-4411-ASEE-94193C93FDE 7}

- Copy the result to the clipboard and then paste this into the String for ‘Classld’, removing the
brackets.
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- Repeat for ‘Interfaceld’ and ‘Eventsld’

B MyFunctions - Microsoft ¥isual Basic 2005 Express Edition

Eile Edit Yiew Project Build Debug Data Tools Window Community  Help
- = = o | O - =
ST - e kL (RN R e e
% Assemblylnfo.vb w X | Solution Explorer > B x
= " " :
g \Jﬁnmeshnft VH “YEvaluate V‘ (=1
g Tmports Microsoft.Windz — | /& MyFunctions
Tmports Systew.Runtiwe. InteropServices - [=d| My Project
18] AssemblyInfo.vb
£ <ComC 14  TineShift . ClassId, Time$hift.Interfaceld, TimeShift.EventsId :_ 1] hold.vb
Public Class 1] jamiefilter.vb
Tmplewents Interpreter. IMtcMathFunccion 18] Mean.vb
18] Timeshift.vb
[ #Region "COM GUIDS"
=] ' These GUIDs provide the COM identity for this class
' and its COM interfaces. If you changg TERISLing
F ' clients will no longer be able g#access the class.
Public Const ClassId is Stringg® "37D1ACE6-DRES-4290-5D54-5F3IS5SEFECE3IAN
Public Const Interfaceld As Stking = "A9E12477-9208-40F 1-E37B-782C6DEACZEF"
Public Const EventsId As StringWg "FEDFEEGI-83AA-4235-ASF4-41CFZFA7EFTE"
#End Region
=] ' & creatsble COM class must have a Public Sub Hew()
' with no parsmeters, otherwise, the class will not be
' registered in the COM registry and cannot be created
F ' wvia Createdbject.
=] Public Sub New()
MyEBase.New()
F End Sub
CON Implementa 4
L‘.?,‘Solut\nn E JData Sl ...
Public Funcfion Evaluate(BEyVal rgs s Interpreter.INtchrgs) is Chject Implewents Interpreter.IMccMathFunction.Evaluate
Properties - 1 X
Dim channe PrELer. INtclathirray = Airgs.Itemi"Channel™) Evaluate Attributes -
Dim msec is Integer = Args.Item("MilliSeconds")
Dim result is Interpreter.IMrcMathirray = Args.CreateResulthrray()
Dim upper As Integer = result.Count - 1 COM Wisible True
Dim in samples() ks Single Displd False
Dim out_sawples (upper) ks Single
Dim out_flags{upper) As Byte
Dim i As Integer
in_samples = channel.Samples
For i = 0 To upper
Dim t Ais Single = result.SampleTime (i)
Dim j As Integer = channel.SampleIndex(t - (msec * 1000))
If (j »>= 0 ind j < upper) Then
out_semples (i} = in_seamples(j] =
out flags(i] = 1 COM Visible
i | | Make Function vigible through
< > COM,
Ready Ln 30 Col9 Chg INS

Features of the TimeShift function

1) is the name of the class, in this instance it is Timeshift — our new Function is “‘Hold’
2) shows the place where you need to modify the ids to refer to “hold” instead of timeshift.
3) Shows where the 3 news COM GUIDs we generated are to be copied into the Hold function

4) Evaluate is where you actually code your function. You can use the ‘timeshift’ or ‘mean’
example to see how an example works,

RegisterFunction

This section of the code sets the registration details for our new function, and is where we define
what is being passed to and from i2. First set the name of the input array (ie: source channel) within
VB, what sort of data is it going to be and what sort of output channel it will be. You can add more
than one array as an input, as well as accepting in multiple single values (constants) as well.

The declarations here can be modified to suit your function. In our example, the function is going to
have two inputs. One: a channel array which we intend to use for RPM, but to keep the function
flexible we will just call it “channel”. Two: a single value called “holdtime”. In the Evaluate Function
code the input array is referred to as “channel”, and the input value as “holdtime”.
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hold v | |iZ (Declarations)

g |

COM Registration
[ omBegisterFunction()> _
red Sub RegisterFunction(BEvyVal t Ls Type)

Dim key As RegistryEey

Dim args_key L= RegistryKey
Dim arg key L= RegistryEKey
Dim return key Az RegistryEey

key = Microsoft.Win3Z.Registry.LocalMachine.Create3ubKey("SOFTWAREY Y HoTeCh Analysishy 1.0% Haths\ Functionsy" + t.Fu
key.3etWValue (Nothing, "MyFunctions.hold™) 'funciton nsme

key.3etWValue ("Description®™, "ocreates a status channel indicating when channel is active for more than n seconds™)
key.3etWValue ("Flags"™, 0)

' Arguments
args_key = key.Create3ubKey("Arguments") 'nurkber of input arguments
args_key.SetValue (Nothing, 2)

arg_key = args_key.CreatedubKey("0") 'input key
arg_key.detWalue (Nothing, "Channel™) 'input name
arg_key.detWValue ("DataType”, Interpreter.DataType.Real] 'input data type
arg_key.detWValue ("Dimension”, CInt (Interpreter.Dlimension.irray)) "input dimension type
arg_key = args_key.CreatedubKey("1") 'input key
arg_key.detWValue (Nothing, "holdtcime™) 'input name
arg_key.detWValue ("DataType”, Interpreter.DataType.Integer) 'input data type
arg_key.detWValue ("Dimension”, CInt (Interpreter.Dlimension.dcalar)) "input dimension type

' Return Value

return key = key.Create3ubKey("Returns") 'output name

return key.3etWValue ("DataType”, Interpreter.DataType.Real) 'output data type

return_key.3etValue ("Dimension”, CInt(Interpreter.Dimension.irray)) 'output dimension type
Fd 3ub

RegisterFunction code in Hold.vb

In the example above, the input array is called channel, is a real data type and is an array of
values. Next is “Holdtime”, an integer which is a scalar or single value. Finally there is the return
value, it is called “Returns”, that is an array of real data type values. This information is added to the
registry settings of the PC, and used by i2 to setup the function and its details. There are also settings
here to set the function name, “Hold”, and a description of the function, as seen in i2 when you
select the function in i2 "Creates a status channel indicating when a channel is active for more
than n seconds”)
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Evaluate

Now that we have set all that up, we are ready to code our function.

Public Function Evaluate(ByVal Args ALs Interpreter.IMtclrgs) is Object Implements Interpreter.IMtcMathFunction.Evaluate
Dim channel As Interpreter.IMocMathlrray = Args.Item("Channel™) 'the array of dats incoming
Dim t_hold As Single = Args.Icem("HoldTime") * 1000000 'the reguested time in microsecs to t_hold
DIim result As Interpreter.IMccMathirray = Args.CreateResultldrray() 'OUCDUC &rray
Dim upper As Integer = result.Count - 1 'the size of the incoming array
Dim in sawmples() ks Single = channel.Samples 'working array of incoming sawples
DIim in flagsi] Az Byte = channel.SampleFlags 'working array of incoming sawples flags
Dim out sawples(upper] As Single 'array of outgoing sSawples
Dim out_flags(upper] As Eyte 'array to indicate wvalid ssmple
Dim i ks Integer 'counter for parsing string
DIim latched As Boolean = False 'Currently active indicator
Dim t_latech As Single = 0.0 'current latched time
For 1 = 0 To upper 'start loop for array sSize
Iim t Ais Single = channel.3ampleTime (i) 'set T as current time in array in microseconds
If in flags(i) Then 'If we have & valid sample
If in_samples(i) Then 'and it's ondtrue
If Mot latched Then 'if start of new time period
t_latch = & 'get gection time to current time
latched = True 'set latched to true
End If
out_samples(i) = (vt - t_latch) > t_hold "if it's been latched longer than regquest, S8t OULpuUL true
Else
latched = False 'not a walid sample
out_samples (i) = 0 'output sample iz set to false
End If
Else
latched = False "input status false, so0 set latched off
out_samplesiil = 0 'output sample is set to false
End If
out_flags(i) = in flagsii) 'get output flagistatus) to mwstoh input array
Next 1
result.Samples = out_samples 'copy the newly created output values to output array
result.SampleFlags = out_flags 'vopy the newly created output flags to output array
Feturn result
End Function

code for the “hold” function

From a coding perspective, it is just normal VB code, but to help understand, here is a short
explanation.

Channels input array example
Array position 0O |2 |2 |3 |4|5 |6 (7 |8|9 |10 |11 |12 |13 |14

Channel input

1 /010 |0 (O|1 (OO 21 |2 (212 |1 |1 |oO
Values

Flags input array example.
Top row input values, bottom row array position

Array position 0O |1 1|2 |3 |4|5 |6 |7 |[8|9 (10 |11 |12 |13 |14
Flag input Values 0|0 |O |O |O0O]|O |O |O |O|O |O 1 0 0 0

The value from i2 as set in the maths function, input 2
Holdtime ‘ 2 ‘

So for this function example, we are parsing the Channels input array, looking for “1” (true) values. If
we see “1”, then set the start time. Next time, if it is still 1, then check if it is longer than the
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requested hold time. If it is turn the output array at that position on, else turn it off. If the input array
is a “0”, set the time back to 0.

If you want the current value to be displayed in i2, you must set the value in the output flag array to
“1” at the same position as the value in the channel values array. This mechanism is used to tell i2
that the data at that sample is valid.

For example, in the sample array above, none of the values would be displayed in i2, except for
the one at array position 11. The other data points would be shown in i2 as “n/a”. To show a value
of ‘0’ then the flag array must be set to 1 and the data to 0.

Pointer to start of
array of values.

Set output flag = e we at t
input flag > end of the
Next Sample point iput string?

Yes

Y
No

Set Latched, and
< output sample to
false

Is this input
flag true

Set Latched, and
¢———| Out Sample to
false

Set Latched true,
latched time to
current time and
out sample false

Are we latched

Aré we latched
longer thsn
requested time

Set Out sample to
false

Yes

Set output flag
and value to true

Exit

Hold function Flowchart

It is also important to know that if you refer to a sample time, it is returned as a value that is 1
1000000th of a second, so you will need to multiply your input by 1000 if you want to refer to it in
milliseconds, or 1,000,000 if you want to refer to it in seconds.
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Debugging

Go to menu - ‘Build - Build MyFunctions’. All being well, the new function has now been registered
and can be used. Now after re-starting i2 Pro, the function you have just written will be available in
the function list as MyFunctions.hold

Below is an example of the “MyFunctions.Hold” function in an i2 math expression. The function
template that appears uses the Function Arguments and the text that was entered as the

Description in the RegisterFunction code.

Math Expression Editor

Math Files :
= |=| Glol Rty pression...
= Mame ; tester Quantity ; .U i 2
N, = e nitless % | Rate: Auto -
™| | | |—7| |—— - | ale/Offset...
| Display Unit: | none () w | Decimal : |2 |: Calour : ~ %]'
=1 | | ) - | | d Filter. ..
= [ Lo} piam
| Plugin...
| Besult Unit : |n0ne il v | 1z the resultant unit of this expression. z
: ﬂ Expression D) Table...
[ud MyFunctions. hold"Engine RPM* [rpm]> 6000 ) T
i) Incorrect number of function arguments.
MyFunctions.hold{Channel, HoldTime)
|DK creates a status channel indicating when channel is active for more than'n seconds
Toolz Edit...
-/ < 0y 4= = == I= And Or & |
E@ E@JEI Functions : LConstants : -
T abs ~ i}
Search: | | —— A | Name  Value
ol ADL Temp A~ ac:_osh N
0L APY Switch = | N
3 asinh
ol Ajr Con Request atan
ol &ir Temp Inlet atanh
Q91 A lternator Chil Off + | | bit_and v
i i il — kb ek —
Import...
[ [ Ok ] [ Cancel ] [ Help
- - — Help

How the finished function would appear in i2

If you use the free express version of VB.net, one of the downsides is that you can’t use VB to start i2
to run your code in debug mode. You need to purchase a full version of VB.net to do this. So the
only way to debug your code is by using MSGBOXs that pop up in i2 after you have built your code
and when it tries to execute it (the first time it has to display the data created by your code). The
MSGBOX commands throughout the code are for debugging purposes.

So if the code fails for some reason, you get no error message, it just doesn’t complete and you get
no data you need to use MSGBOXs throughout the code to trace its execution and see where the
code it is failing. It would be far more efficient to use the full version of VB, but it can still be done
with the free version.
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