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Emissions Testing

Research Question

ICCT white paper (2015) comparing US and European 
Emissions testing and Enforcement
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Corrective Actions

Research Question

(ICCT, 2017)
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ParSYNC® Particle Module 

Engineering Low-cost Solutions



Response Mapping

Engineering Low-cost Solutions

The current multiplex function (parSYNC*) attempts to:

• Map the cross/non-cross correlation behavior of 
individual sensors onto a reference method robustly

• Correct for the different time resolutions of the 
sensors and reference method



Validating Mapping

Engineering Low-cost Solutions

• DUSTRAK and Pegasor
sensor maps, parSYNC* 
and parSYNC*P

• Blind testing on 
replicate runs

• Both three sensor maps
• Both R > 0.95



Developing Diagnostics

Instrument Application

DPF mode: (-1 engine off;) 1 working; 2 failing; 3 failed



An Older Dirtier Vehicle

Scoping Instrument Performance 

Here, measures of fine and coarse PM, e.g. opacity and 
ionization, behave similarly but NOT identically, so we 

have a strong candidate for response mapping



A Newer ‘Cleaner’ Vehicle

Here, levels are lower but also fine PM dominates and 
different size ranges behave differently

(also opacity meters can be cross-sensitive to NO2)
So response mapping is more challenging

Scoping Instrument Performance 



Another ‘Clean’ Vehicle

Scoping Instrument Performance 

Dynamometer FTP drive cycle
Reference Microsoot

See something very 
similar but (surprisingly) 
main features are not 
observed



Another ‘Clean’ Vehicle

Scoping Instrument Performance 

Dynamometer FTP drive cycle
Reference Microsoot



Same Vehicle ‘Regen’ Event

Scoping Instrument Performance 

Dynamometer HWFET drive cycle
Reference Microsoot

Here ParSYNC output 
dominated by ionization 
signal and it start earlier 
and is much larger than 
reference 



Same Vehicle ‘Regen’ Event

Scoping Instrument Performance 

Fitting this to exhaust 
temperature (and pressure) we 

get a NEGATIVE component 
that maps onto reference 



Applying to non-Regen FTP

Scoping Instrument Performance 

Dynamometer FTP drive cycle
Reference Microsoot

Correcting for Exhaust Conditions

Again we are seeing 
some BUT not all the 
same features, so 
tracking some but not all 
reference behavior



Questions

I would like to end this presentation with a question of my 
own before asking if you have any questions yourselves…

What we have is a very early and very tentative observation 
based on one vehicle and one reference method but… 

We think we are looking at the ‘wake of the ship’ rather than 
the ‘ship’ and we may need both the ship and the sea (the 

particle and the exhaust environment) to produce the ‘wake.’

Is this a viable monitoring strategy or should we be designing 
it out of the next generations of the unit, 

or is it even extra information?   
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Developing Diagnostics

Instrument Development

(First reported by Burnette et al, 2016)



Diagnostics

Vehicle A Before and After Repair 

The larger amounts of PM associate with opacity, 
indicating relatively course emissions after repair



Data Collection

Example Before and After Repair 

Test procedure (before and after repair): 
• Dynamometer test (modified AC50/80 Short Test)
• SNAP test

(Data collected: Dynamometer records; ECU logger; 
candidate analysers/sensor systems)



Data Collection

Example Before and After Repair 

Test procedure (before and after repair): 
• Dynamometer test (modified AC50/80 Short Test)
• SNAP test

(Data collected: Dynamometer records; ECU logger; 
candidate analysers/sensor systems)

Note: Not 
all vehicles 
always able 
to complete 
DYNO cycle



Data Collection

Example Before and After Repair 

Test procedure (before and after repair): 
• Dynamometer test (modified AC50/80 Short Test)
• SNAP test

(Data collected: Dynamometer records; ECU logger; 
candidate analysers/sensor systems)

‘Roadside’ 
I&M style test



CO2 Engine Map

Vehicle A Before and After Repair 



CO2 Engine Map

Vehicle A Before and After Repair 

High Idle



CO2 Engine Map

Vehicle A Before and After Repair 

Higher 
Top End



CO2 Engine Map

Vehicle A Before and After Repair 

Common



NO Engine Map

Vehicle A Before and After Repair 



NO2 Engine Map

Vehicle A Before and After Repair 



Opacity Engine Map

Vehicle A Before and After Repair 



Scattering Engine Map

Vehicle A Before and After Repair 



Ionization Engine Map

Vehicle A Before and After Repair 



Diagnostics

Vehicle A Before and After Repair 

CO2 Maps 

• On-board 
diagnostic

• All data from 
one source

• Independent 
of OBD

Quick question
(good or bad fix?)

(Thanks to Norbert Ligterink/TNO)



Diagnostics

Vehicles Before and After Repair 

PCA of Vehicle A Emissions (before repair)



Diagnostics

Vehicles Before and After Repair 

Spikes

PCA of Vehicle A Emissions (before repair)



Diagnostics

Vehicles Before and After Repair 

PCA of Vehicle A Emissions (before repair)



The better behaving vehicles tend to have
PCA profiles are more similar but more importantly less chaotic

… giving an early indication of further diagnostic potential 

Diagnostics
Vehicles Before and After Repair 



Diagnostics

Vehicle B Before and After Repair 

Same question
(good or bad fix?)


