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Legislation

Outcome



CO

TX

OH

VA

Non-Opus

Opus Centralized

Opus Decentralized

No I/M Program

IN

CA

GA

PA

NY

DE

MD

RIOR

LA

NC

UT
MO

WI

TN

CT

Pakistan

Sweden

Bermuda

Mexico

Peru

Chile

Argentina

AZ

NH

Largest Inspection Company in the 
United States
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Remote Sensing of Real World Driving 

Emissions
Presentation Outline

1. Introduction to Opus Remote Sensing Device (RSD) Technology

2. Opus RSD Product and Application Development (’88 – Early ‘00s)
• What we learned that shaped our technology and applications.

3. Opus Remote Sensing Program – US (Since Early ‘00s)
▪ Screening for Inspection / Maintenance Programs

4. Opus Remote Sensing Activity – International
• Market Surveillance, Standards Compliance, Emissions Deterioration, 

Control Device Performance

5. Three Decades of USA Remote Sensing Data
• How far have we come reducing motor vehicle emissions?



Spectroscopy (Light Absorption)

IR

UV

PM

PM

1. NDIR / DUV Spectroscopy:

CO/CO2

HC/CO2
NOx/CO2

3. Process Output:
→ Grams [CO] / Kg Fuel [CO2] Burned

Calculated:

→ Concentrations (% [CO], ppm [HC])

2. Ratios Measured:
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Always Measuring Ambient Conditions

Measures Vehicle Speed and Acceleration

Measures Vehicle Exhaust

Grabs an Image of License Plate
7
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Mobile Attended Operation
Opus RSD1000 thru RSD4000
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Mobile Semi-Unattended Operation
Opus RSD5000

Light Source & 

Detector

Computer

Camera

Batteries

Speed / Accel

Emitter & Receiver

Speed/Accel

Reflector
Laptop

Mirror



(Virginia & Colorado Screening Program)

▪ Three systems per Van & Operator in Virginia and Colorado.

▪ Simple deployment (20 minutes);  Quickly moved to “sweet-spot.”

▪ Stand-alone components (no infrastructure required) off traffic lane.



Camera 

System

Analyzer Module

Mirror Module

Fixed Unattended Operation
Boston Bus Depot

Radar System
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Remote Sensing of Real World Driving 

Emissions
Presentation Outline

1. Introduction to Opus Remote Sensing Device (RSD) Technology

2. Opus RSD Product and Application Development (’88 – Early ‘00s)
• What we learned that shaped our technology and applications.

3. Opus Remote Sensing Program – US (Since Early ‘00s)
▪ Screening for Inspection / Maintenance Programs

4. Opus Remote Sensing Activity – International
• Market Surveillance, Standards Compliance, Emissions Deterioration, 

Control Device Performance

5. Three Decades of USA Remote Sensing Data
• How far have we come reducing motot vehicle emissions?



Early RS Development (‘88 – Early ’00s)
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Outcomes:

• RS Product/Concept Demonstrations  → 1 Federal Rule [R]

• Pilots of RS Applications  → 3 USEPA Guidance Documents (G)

• RS Rules and Guidances → Screening Programs

0.50% EPA Gross Emitter EPA Clean Screen EPA I/M Evaluation

EPA Rule Guidance Guidance Guidance

88 90 92 94 96 97 98 00 02 03 04

0.5% Studies: Rep. Joe Barton (TX) New York, Pennsylvania, Georgia, Arizona,, Indiana, Nevada, Maryland

Delaware, Connecticut, Illinois, Virginia

USEPA Study - Arizona

High Emiter:  CARB Study - California

BAR HEI Pilot

AZ HEI Pilot

 Texas High Emitter Identification (HEI) Program

Clean Screen: Denver CS Clean Missouri Clean Screen (CS) Program

Greeley CS Study CO CS Prog

IM Prog Eval: Virginia Prog

[FEAT] [RSD-1000]

Technology: CO Only CO, HC [RSD-2000]

CO, HC, NO', S/A [RSD-3000]

CO, HC, S/A, NO", IR SmokeCO, HC, S/A, NO", IR Smoke [RSD-4000]

CO, HC, S/A, NO, IR Smoke, UV Smoke

U of D      "OPUS commercializes RSD"

Demos RSD

[R] (G1) [G2) (G3)



What Did We Learn?

• Not to accept every measurement (only high quality)
o It’s a dynamic environment (not a test lane)

• Temp, pressure, wind, turbulence, interference

o Validate measurement in real-time

• Measurement strength, shape, duration 

o Audit RSDs regularly

• To assess and defend performance

• Not to apply every measurement (only representative)
o Screen measurements for each application

• VSP, Cold Start, Vehicle History (LEI, HEI), Sanity Check

• Stay mobile, stay flexible
o Change sites frequently (max coverage)

o Change deployment at site (max validity)

14



Real-Time Validation
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What Did We Learn?

• Not to accept every measurement (only high quality)
o It’s a dynamic environment (not a test lane)

• Temp, pressure, wind, turbulence, interference

o Validate measurement in real-time

• Measurement strength, shape, duration 

o Audit RSDs regularly

• To assess and defend performance

• Not to apply every measurement (only representative)
o Screen measurements for each application

• VSP, Cold Start, Vehicle History (LEI, HEI), Sanity Check

• Stay mobile, stay flexible
o Change sites frequently (max coverage)

o Change deployment at site (max validity)
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USA 2013 Light Gasoline Vehicle CO vs Speed and Acceleration
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USA 2013 Light Gasoline Vehicle HC vs Speed and Acceleration
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2003 LDV HC
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USA 2013 Light Gasoline Vehicle NO vs Speed and Acceleration

12

36

60

84

0

100

200

300

400

500

600

700

-4
.0

-2
.4

-0
.8

0
.8

2
.4

4
.0

5
.6

7
.2

Speed km/h

N
O

 p
p

m

Acceleration km/h/s

High NO ppm

with negative 

acceleration

NO ppm increase

with speed x

acceleration

19

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

7.5

17.5

27.5

37.5

47.5

0

100

200

300

400

500

600

700

N
O

X
 p

p
m

MPH / S

MPH

600-700

500-600

400-500

300-400

200-300

100-200

0-100

2003 LDV NO



What Did We Learn?

• Not to accept every measurement (only high quality)
o It’s a dynamic environment (not a test lane)

• Temp, pressure, wind, turbulence, interference

o Validate measurement in real-time

• Measurement strength, shape, duration 

o Audit RSDs regularly

• To assess and defend performance

• Not to apply every measurement (only representative)
o Screen measurements for each application

• VSP, Cold Start, Vehicle History (LEI, HEI), Sanity Check

• Stay mobile, stay flexible
o Change sites frequently (max coverage)

o Change deployment at site (max validity)
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Rotating Sites Essential to Coverage

21

We rotate across 120+ sites 

in our large US to programs 

to achieve broad coverage.

New vehicle capture falls to 

20-45% by 10th day; 15-

35% by 15th.
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Remote Sensing of Real World Driving 

Emissions
Presentation Outline

1. Introduction to Opus Remote Sensing Device (RSD) Technology

2. Opus RSD Product and Application Development (’88 – Early ‘00s)
• What we learned that shaped our technology and applications.

3. Opus Remote Sensing Program – US (Since Early ‘00s)
▪ Screening for Inspection / Maintenance Programs

4. Opus Remote Sensing Activity – International
• Market Surveillance, Standards Compliance, Emissions Deterioration, 

Control Device Performance

5. Three Decades of USA Remote Sensing Data
• How far have we come reducing motor vehicle emissions?



Opus Remote Sensing Programs - US

MA

CO

TX

OH

VA

HE + LE Screening + IM Prog. Evaluation - 1

Low Emitter Screening - 2

High Emitter Screening - 3

Fleet Evaluations / 0.5% Studies / Other - 10

IN

CA

GA

PA

NY

DE

MD

DC

RI

Program Type - Number

30K

3.5M

Notices to 
Date:



Virginia “Total Screening” Program

30%
69%

Very Clean 

(Skip Test)
Middle

0.3% 4.5%

Very Dirty

(Retest)

1%

■ Concept:  Use all RSD Applications to Focus Emissions Enforcement and 
Consumer Assistance on High Emitters, Improve Program Efficiency & 
Environmental Benefit, & Evaluate Fleet & I/M Program.

CO Percentage

Gamma Distribution

Gross Evap

(Advisory)



MA

CO

TX

OH

VA

HE + LE Screening + IM Prog. Evaluation - 1

Low Emitter Screening - 2

High Emitter Screening - 3

Fleet Evaluations / 0.5% Studies / Other - 10

IN

CA

GA

PA

NY

DE

MD

DC

RI

Achievements:

Opus Remote Sensing Programs - US



Bus Emissions Testing Program: since 2007
Massachusetts Bay Transit Authority (Boston)

 Outcome:

1. Proven Effective as an In-Use Screening Protocol for Buses:

1. Operators learned to use RSD → Consistent & Reliable RSD data.

2. Benefits of Early Maintenance Demonstrated:

1. Weekly Bus Emissions Summary Reports → Depot Mechanics.

Fixed DeploymentsMobile Deployments



Effect of Maintenance
CNG Bus Example

Bus 6004 Repair Results
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4. Opus Remote Sensing Activity – International
• Market Surveillance, Standards Compliance, Emissions Deterioration, 

Control Device Performance

5. Three Decades of USA Remote Sensing Data
• How far have we come reducing motor vehicle emissions?
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Opus Remote Sensing Activity - International
17 of 25 Countries Still Use Opus RS



SWEDEN

UNITED KINGDOM

SPAIN

SWITZERLAND

AUSTRIA

Annual Monitoring Campaign

HUNGARY

NETHERLANDS

Past Monitoring Campaign



Getting the Emissions Picture
N = 1,000,000 (1 Year)



Getting the Emissions Picture
N = 100,000 (2 Months)



Getting the Emissions Picture
N = 10,000 (Week)



Researchers using Remote 
Sensing in Europe and UK 
have reported high on-road 
NOx from modern light diesels 
for several years:

“Real-driving emissions from cars 
and light commercial vehicles –
Results from 13 years remote 
sensing at Zurich/CH”; Y. Chen, J. 
Borken-Kleefeld, Atmospheric
Environment 88 (2014), p.157-164.

”Trends in NOx and NO2 emissions 
and ambient measurements in the 
UK”; Carslaw, D., et. al.; prepared 
for Defra, version 3rd March 2011.

”On the increasing levels of NOx in 
some cities”; Haeger-Eugensson et. 
al.; prepared for Swedish 
Environmental Protection Agency by 
IVL, June 2010.Source:  Borken-Kleefeld, Atm. Env. 88 (2014)

35



Opus researchers examined and confirmed the high on-road 
NOx emissions of light VW and Audi diesels compared to 2 
liter diesel peers in US remote sensing data.

Source:  P. McClintock,  

“High NOx Emissions from Light 

Diesels also Observed on US 

Roads”; 25th CRC Real World 

Emissions Workshop, Long Beach, 

CA; March 2015

March 2015
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Could VW have been Alerted Early?
USA Remote Sensing Data: 2010-2016

2.0L Diesel, mostly Audi & VW, 

seen with high emissions in their 

first year of sales

Vehicle

Year
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2014 transitional year: 

some SCR, some LNT

2015 models all with SCR

Vehicle

Year

Could VW have been Alerted Early?
USA Remote Sensing Data: 2010-2016



39

Recent EU Data on Euro 6 Diesels 
NO & NO2 Data

▪ Euro 6:  At 8 g/kg, 60% less; but still 6-7 times above Standards.

Data Source: Sjodin (IVL, Sweden), Carslaw (Ricardo, UK), Alt (AWEL, Switzerland)
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Euro 6 Real World NOx Compliance

▪ ICCT:  Real-world NOX emissions are 6 to 7 times the 80 mg/km 

Euro 6 standard (http://www.theicct.org/nox-europe-hdv-ldv-

comparison-jan2017)

German Government Testing of 

30 Euro 6 LD Diesel Vehicles

http://www.theicct.org/nox-europe-hdv-ldv-comparison-jan2017
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Light-Heavy (Medium) Diesel Vehicles

▪ Picture intended to indicate type of truck; not to identify brand.



42

USA Light-Heavy Diesel NOx Deterioration?

▪ Huge improvement between 2010 and 2011 with SCR

▪ Deterioration: 2011 model from ~3 to ~5 g/kg (66%) over 3-5 years

0.0

2.0
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2010 2011 2012 2013 2014 2015 2016
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Remote Sensing Diesel NO as NO2 g/kg by Model Year and 
Measurement Year, Engine: 6.6

2009
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2013

2014

2015

Vehicle

Year
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Remote Sensing Diesel NO by Model Year and 
Measurement Year, Engine:6.7  Make: 1

2011

2012

2013

2014

2015

Vehicle Year

▪ Less improvement between 2012 and 2013 models

▪ Deterioration: 2013 model from ~2 to ~5 g/kg (150%) over 3 yrs

USA Light-Heavy Diesel NOx Deterioration?
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Effect of Diesel Particulate Filters on PM 

Emissions

[Source: https://ee.ricardo.com/news/remote-sensing-demonstrating-diesel-particulate-f]

• Early DFP adoption in 
Euro IV reduce PM by 
50% from Euro III.

• DPF became mandatory 
for Euro 5 Diesels.

• The 90%+ PM reduction 
cited in literature 
between Euro III and V is 
clear in the data.
[DieselNet: 
https://www.dieselnet.com/te

ch/dpf.php]

Dr. David Carslaw

https://ee.ricardo.com/news/remote-sensing-demonstrating-diesel-particulate-f
https://www.dieselnet.com/tech/dpf.php


45www.opusrse.com & www.ee.ricardo.com

Opus RSE + Ricardo

London 2017-18

▪ Euro 6 Petrol and Diesel PM standards are roughly the same. 
[source: https://engage.aiche.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=d4fae029-91c5-

4189-ac75-d8d404d81f41&ssopc=1]

▪ Researchers find Petrol and Diesel PM emissions to be same.  
[source:   https://www.nature.com/articles/s41598-017-03714-9]

Importance of Good PM Measurements

http://www.opusrse.com/
http://www.ee.ricardo.com/
https://engage.aiche.org/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=d4fae029-91c5-4189-ac75-d8d404d81f41&ssopc=1
https://www.nature.com/articles/s41598-017-03714-9
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3 Decades of RSD Data - USA

Fleet at Large 99%ile High Emitter
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Remote Sensing of Real World Driving 

Emissions
Where do we go from here?

• Remote Sensing in the United States
• Developed as On-road Screening (Enforcement) for Enhanced I/M

• Two Decades Proven History Screening High and Low-emitters.

• 3.5 million Low-emitters & 30 thousands High emitters Notified.

o 120 million still live in (2015 8-hr O3 = 70 ppb ) non-attainment areas

• Continue as I/M On-road Screen until Remote OBD Supplants

• Remote Sensing will adopt a Monitoring / Surveillance Focus

• Remote Sensing in Scotland
o 4 LEZs by 2020, starting with Glasgow.

o LEZs can be operated like Enhanced I/M areas (i.e., AQMAs).

o Like Boston, include a focus on Inspecting and Maintaining the 

Investment in Bus Modernization.

o Include High Emitter Screening (Enforcement) for the Private Fleet.


