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Direct measurement
• Turndown ratio

• Time Alignment 

• Stability / high H2O content exhaust 

Measurement Challenges: Low-NOX Diesel  

NOx measurement <10 ppm 

EPA Vehicle 7 [2]

Peak value >120 ppm 

Mean value <10 ppm 

Source: Southwest Research, 2024 [1]

NOx 3.7 ppm (post SCR light-off) 

H2O ~4.6% [1]

Typical concentrations
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“Slight variations” meaningful
• Drift, Noise, Background, Response, Interference / quench

Measurement Challenges: Low-NOX Diesel  

Standard CLDHigh-sensitivity Analyzer

10 ppm Range 



© 2024 HORIBA, Ltd. All rights reserved. 6

Avg NOx ~2 ppm

Avg NOx ~10 ppm

Breakthrough ~500 ppm 

Measurement Challenges: Alt Fuels, Carbonized 

NOx 9.7 ppm (0.2 g cert level)

H2O ~22.9% 

Avg Concentrations

Interference gases: H2O, NH3, CO2, etc. 

NOx measurement <10 ppm 

[3]

CNG-fueled 
HD Vehicle

Renewable / Bio / Ethanol Fuels (E98+) 
• TP emissions comparable to low-NOx diesel; Elevated levels of H2O 
• Potential new species: NMHCe, HCHO 
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Measurement Challenges: Alt Fuels, Zero-carbon

Source: SAE 2023 [4] 

Elevated H2O content in exhaust (?)  

Source: SAE 2021 [5] 

Potential new measurement species: Hydrogen (?), H2O, NH3 (fuel slip)

Low-level concentrations of all criteria emissions 
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Summary of Challenges
Themes common to all technologies / fuels 

• NOx measurement <10 ppm, Low-level 

concentrations of criteria emissions 

• New species: Hydrogen, H2O, NH3 (fuel slip), 

HCHO, CH4

• H2O content in exhaust, other interferents   

• “Slight variations” meaningful
• Drift

• Noise

• Response

• Interference

Measurement Challenges 
• Consistent, accurate NOx measurement at 

single-digit concentration levels 

• Long-term zero drift stability and noise 

performance 

• Additional measurements: H2, N2O, NH3, HCHO, 

H2O  

• Robust to measurement interference: H2O, NH3  

• Robust to the environment  & conditions that can 

impact the sampling system, e.g. ammonia, 

acidic condensates, high HC

Measurement System Requirements 
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HORIBA Advances and Innovations 
Innovative approach: Advanced IR  

Quantum Cascade 
Laser (QCL) 

Herriot Cell  Calculation 
Algorithm
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HORIBA Advances and Innovations 
Accuracy at low concentrations; New species   

CO Low / High, CO2, NO, NO2, NH3, N2O, 
HCHO, CH4 Low / High  [QCL-IR], THC [FID]

Absorption signal of
conventional QCL

Absorption signal of 
HORIBA’s QCL

Add-on Module

New PEMS
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HORIBA Advances and Innovations 
Accuracy at low concentrations, ultra-low noise   

Detection sensitivity 10x greater than FTIR 
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HORIBA Advances and Innovations 
Robust against interference 

Interference <0.3 ppm Interference <0.5 ppm 
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HORIBA Advances and Innovations 
Robust against Pressure / Temperature

Temperature -10 to 50 °C Pressure 100 kPA to 65 kPA
(Altitude 0 to 3000 m)
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HORIBA Advances and Innovations 
Little to zero vibration effects

Sweep: 1-100 Hz, 9.8 m/s2

Shock: 50 m/s2
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HORIBA Advances and Innovations 
Vibration / environment 
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HORIBA Advances and Innovations 
Exhaust flow / fuel flow  

OBS-ONE Tail Pipe Attachment
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Summary: Continued Innovation 

• Consistent, accurate NOx measurement at low 

concentration levels 

• Long-term zero drift stability and noise 

performance 

• Additional measurements

• Robust to measurement interference

• Robust to the environment  

& conditions that can impact 

the sampling system

Measurement System Requirements Innovative Solutions
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