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Data Analysis and Mining with DataSpy and IPA

Topics Covered in Presentation:

• Review of PC Version of DataSpy

• Review of DataSpy running on Wireless NeoVI

• Definition of Integrated Post Analysis (IPA)

• Review architecture of IPA and operating modes

• Demo of FindInFiles and HistogramGenerator scripts on PC

• Review script configuration files for these scripts

• Review code in scripts

• Review main functions of IPA library

• Demo of FindInFiles and HistogramGenerator scripts on Wivi
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DataSpy – Data plotting tool that can run on PC or Web
Powerful plotting tool that provides accurate graphical and numerical display of large mdf data files. 

• Easily handle files that are several Gb in size. 

• Verified to provide accurate results using a range of data files logged using ICS products as well as 
those from ETAS. 

• Create custom views of key signals and save configurations for use with other data files.

Stackable 
graphs share a 
common time 
axis

Drag and drop 
signals from 
Channel list 
onto Graph or 
onto a y-axis 

Click on search 
result hits to 
view the data 
at each hit
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DataSpy – Data plotting tool that can run on PC or Web
Users can zoom way out on large data files to view signal ranges or can zoom way in to view individual data 
points. 

• User can select signal in legend to make it the active signal, then use arrow keys to step through each 
data point on signal. Time axis 

zoomed in to 
0.5 sec

Active signal 
on middle 
graph

Cursor is 
snapped to 
data point of 
active signal

Legend shows 
exact value at 
each data 
point.

Individual data 
points can be 
highlighted 
with markers
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DataSpy – Data plotting tool that can run on PC or Web
Search for complex expressions in data file using Advanced Search feature.

• Provide a boolean expression of signals and then click on Find All

• Example below looks for WOT pedal launches from rest

• Expression parser can also be used to create calculated signals

Enter expression 
and click on Find 
All to execute 
search

Boolean 
operators 
currently 
supported in 
expression 
parser

Search expressions 
can be built using 
channel list or can be 
pasted into “Find 
What” text box
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DataSpy – Data plotting tool that can run on PC or Web
Search results shown in output window below graphical view.

• User can click on each hit to jump to that point in data file.

• Tool places cursor 1 at the point the expression toggles true

Vehicle 
Speed at 0

Accelerator 
pedal press to 
WOT

5 hits in file 
shown in 
Output 
Window
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DataSpy – Web Version Launches in Browser from Wivi
Some basic integration with Wireless NeoVI currently available

• Allows users to view data files directly from the server by clicking on link
• No need to install any software, works in any browser as long as user is logged into Wivi
• User authentication controls allow administrators to control which users can see which data

Clicking on DataSpy link 
will show data file in 
DataSpy viewer



8

April 30, 2019

IPA – Data mining tool that can run on PC or Web

Product Definition:

• Library of mdf and db file i/o functions allowing users to develop data 
mining scripts to generate reports based on time based vehicle network 
data. 

• Scripts can be used to mine through data on users PC and can be 
uploaded to our WirelessNeoVI server and have the server run the 
scripts on files directly on the server.

• Library of functions can be used with any language in PC mode. We have 
example scripts in Excel VBA, MATLAB, C#, and Python.

• Python scripts can be uploaded and executed by WirelessNeoVI.

• Other cross platform languages like R may be supported in the future.  
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Integrated Post Analysis – Product Architecture

Wivi Server

Data Mining Script

DataSpy
Server/ API dB I/O lib

mdf Files JSON/CSV 
Files

Script 
Config File

dB File IDs

Wivi API

mdf File IDs

Wivi API

PC Mode

Data Mining Script

dB Filesmdf Files

DataSpy
Server/ API dB I/O lib

mdf Files JSON/CSV
Files

Script 
Config File

Parallel scripting language set up 
so that users can develop scripts 
and script configurations on their 
PC and upload them to the Wivi
server so that they can be run by 
the server. Example applications 
include:

• Generate reports based on 
data automatically on server 
without downloading any raw 
data.

• Generate complex histograms 
(ie: absorbed clutch power per 
shift type as a function of 
clutch volume) from user 
defined data sets

• Pull out chunks of data from 
multiple mdf files and append 
to a single file. 
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File Sets are named collections of files used to define what files to run script on. 
• Use filters in WirelessNeoVI Data Archive then select files by clicking on file icon 

or you can select all file matching filter criteria
• After selecting desired list of file click on dropdown and header and select Add 

Data to File Set

Use filters in 
DataArchive as 
first step in file 
selection Use these buttons 

to select all files of 
a certain type. After 
selecting files click 
on dropdown and 
select Add Data To 
File Set.

Integrated Post Analysis – Defining File Set

Select individual 
files by clicking on 
button next to each 
file.

Each row 
represents a 
data file.
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Reports are created from the Reports page on WirelessNeoVI
• Click on + New Report button 
• Define report inputs and click on Create (see next slide)

Click on + New 
Report button to 
create a new 
report.

Integrated Post Analysis – Creating Report on WirelessNeoVI

All output files 
from a given 
report are listed 
on window of 
report.

Some output file 
types are 
recognized by 
Wivi and they 
lauch views from 
link.
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Each report has 4 inputs
• Report Name
• Script file to use to generate outputs from report
• Config file lists signal names and other script configuration parameters 

referenced in the script
• File Set – Named set of data files that the report is based on

Integrated Post Analysis – Creating Report on WirelessNeoVI



13

April 30, 2019

Script generates a histogram of each signal specified in the config using the bins 
specified in the config.

• Output file is *.xlsx
• Script uses Python xlsxwriter library to generate xlsx output
• Last tab lists all of the input files used for the report

Each signal is 
explicitly 
identified using 
channel_name, 
message_name, 
network name. 

Integrated Post Analysis – GenerateHistogram Script Output File

Config for 
histogram script 
generator also 
defines histogram 
bins for each signal.
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FindInFiles script outputs a file with extension *.dsr which stands for DataSpy report
• DSR file is JSON file that lists all of the hits on events found in search
• Each hit has a Description, StartTime, and EndTime describing a period of 

interest in a data file

Integrated Post Analysis – FindInFiles Script Output File (*.dsr)

Each hit, has a 
Descrition, StartTime, 
and EndTime

Filename is listed first, 
then all hits related to 
that file. Unlimited 
number of files and hits 
are supported. 
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DSR files can be loaded into DataSpy allowing convenient organization and navigation 
of search results.

• Hits are displayed in report page on bottom of DataSpy window
• Users can click or use arrows to jump from hit to hit in DataSpy
• User can sort hits by clicking on header row of Report Page

Integrated Post Analysis – FindInFiles Script Output File (*.dsr)

Click on any hit in the 
report page to jump to 
that hit in the plot 
window.

Click on any column 
header to sort hits by 
values in column
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Script config file defines parameters used by the script.
• Most scripts will have input channels lists define in the config file
• Other parameters are based on design of script
• Allows users to control script performance without having to edit code. 

name_in_script
is used to refer 
to a signals 
value within the 
script

Each signal is 
explicitly 
identified using 
channel_name, 
message_name, 
network name. 

Integrated Post Analysis – GenerateHistogram Script Config File

Config for 
histogram script 
generator also 
defines histogram 
bins for each signal.

Config supports 
optional list of 
signals to use 
among input 
files.
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In addition to the signal list, the FindInFiles script also allows users to provide a list of 
EventDefinitions to search for. Each event has the following parameters:

• Description – a name for the event which will show up in DataSpy

• StartExpression – a Boolean expression using signal name and any valid Python 
operators describing the start of the event

• EndExpression - a Boolean expression using signal name and any valid Python operators 
describing the end of the event. Once the StartExpression is found the script looks for 
the EndExpression. EndExpression can be not of StartExpression

• Putting a “Prev__” before a signal name in an expression refers to the value of the signal 
name in the previous loop

• TimeFromExpStart keyword can be used in the EndExpression to refer to the time since 
the current event started

Integrated Post Analysis – FindInFiles Config File

This expression 
triggers when 
EngineStateVariable1 
changes from 8 to 9

This event always 
lasts 2 seconds due to 
TimeFromExpStart > 2
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Sample GenerateHistogram script loops through list of files from start to end and 
creates a *.xlsx file that has a time based histogram.

• Does not require Excel
• Histogram bins are defined in script config.
• Uses Python numpy data analysis library

Integrated Post Analysis – GenerateHistogram example script

Top section of script 
calculates 2D  time_tallys[] 
list that has the numbers for 
the histogram for each signal.

Bottom section writes 
histogram data to an Excel 
worksheet. 
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Sample FindInFiles script loops through list of files from start to end looking for events:
• Generates a *.dsr (DataSpy report) file that lists the hits for events in config file
• A few dozen lines of script support the FindInFiles functionality
• Python eval function used to evaluate text from config as code at runtime

Integrated Post Analysis – FindInFiles example script

Script converts user defined 
events into executable code 
then uses the “eval” 
function in Python to run 
the code at runtime

GetNextRecord function 
advances the virtual cursor 
to next record; event 
conditions are checked for 
each record throughout file.
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Integrated Post Analysis Review – Main Script Functions
For the Python scripts, the IPA functions are wrapped in a Python class called ICSDataFile. A 
data filename and config filename are provided when the script creates and instance of this 
class. 

JumpBeforeTimestamp(TimeToJumpToInSeconds)
• Input is desired time in Datafile to place the virtual cursor
• Places virtual cursor at closest time prior to TimeToJumpToInSeconds where there 

is a complete record
• If TimeToJumpInSeconds is lower than time corresponding to the first complete 

record it places the virtual cursor at the first complete record
• Updates array of signal values corresponding to location of virtual cursor
• Returns the exact position of the virtual cursor

GetNextRecord()
• Advances the virtual cursor to the next chronological time where any of the active 

signals have updated values
• Returns the exact position of the virtual cursor
• Updates array of signal values corresponding to location of virtual cursor
• If virtual cursor is already at the last record in the file it returns MaxDouble

(10^308)
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Integrated Post Analysis – Main Script Functions (cont)
GetNextChangedRecord()

• Advances the virtual cursor to the next chronological time where any signal has a 
value that is different than the current records values

• Returns the exact position of the virtual cursor
• Updates array of signal values corresponding to location of virtual cursor
• If virtual cursor is already at the last record in the file it returns MaxDouble

(10^308)

SetActiveMask(SignalMaskString)
• Used to control which signals the GetNextRecord() function considers when 

stepping to the next record. 
• If only one signal is active, then GetNextRecord() will step through each timestamp 

that corresponds to this signal. 
• If all signals are active GetNextRecord() will step through every new timestamp in 

every signal in the config file.
• Be default all signals are active.
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Integrated Post Analysis – CurrentRecord Definition
One challenge in performing calculations on time based data is how to handle multiple 
asynchronous time vectors

• One common practice is to force the data to fit a fixed time rate. This method 
has detrimental effect on fidelity of data

• IPA method matches the way DataSpy displays values at cursor in legend. The 
legend reports the most recent values that precede the cursor. 

Value@C1 column 
in legend shows 
value of most 
recent point that 
preceds position of 
cursor 1.

View data 
points tool 
shows dots on 
each trace 
indicating 
where updates 
occurred
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Integrated Post Analysis – Used for cmProbe Validation
IPA Library used to validate cmProbe bench data on 40,000 simultaneous signals

• Bench ECU set up to generate 40,000 signals that follow known walking ones 
pattern

• Script written to search through large files and look for cases where recorded 
pattern did not match expected pattern like the one shown below
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Integrated Post Analysis Review – Numpy vs Matlab
NumPy is a Python library 
that supports large, multi-
dimensional arrays and has 
many functions that mimic 
MATLAB.

NumPy includes ndarrays
arrays which can be used as 
views into memory buffers 
allocated by C/C++ dlls so 
that data can be exchanged 
without the need to do a lot 
of copying which is slow.

“MATLAB is to Python what 
Encyclopedia Britannica is to 
Wikipedia” crowd based 
engineering
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Excel tool used to generate signal list portion of config file
• Allows users to pick signals from files on Wireless NeoVI or on PC
• Supports prioritized optional list for each signal (multiple versions of Engine 

Speed)
• Excel tool uses functions from the IPA library

Pick signals by 
putting priority 
number next to 
each signal 
referenced in the 
script. Use 
priority 1 if no 
optional list 
required. 

Integrated Post Analysis – Script Config File Generator

After defining signals 
click on button to 
generate asl (aliased 
signal list)
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Integrated Post Analysis – Road Map
Develop more example scripts 

• Work with existing WirelessNeoVI customers to develop useful scripts to 
automate their current workflows

• Pull out key metrics from particular ECU feature and generate report
• Support more ways to visualize output data

• View Excel output files directly on Wivi
• Support other visualization utilities like ChartJS

• Multi-thread scripts to maximize performance
• Currently scripts roughly process 1Gb/15sec
• Multi-threading could speed that up to 1Gb/2sec
• Custom C++ code cold be written with multi-thread for maximized 

performance. 

Several features to implement on WirelessNeoVI
• Use Docker to create VMs to run each script
• Change permissions so that all users in an organization can view reports 

and run scripts. In order to view or download a report, a given user 
would have to have read access to all files in FileSet

• Support Public and Private reports
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THANK YOU

For any queries or questions please feel free to contact:

John Mitchell
Intrepid Control Systems, USA                                                         

Madison Heights, MI, USA 48071                                                                     
+ 1 248 416 2848      

Also, you can visit our website www.intrepidcs.com for more information 


