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« Review current measurement technique and
limitations

— IR B EATHIBR
o Illustration of real world remote sensing
measurement challenges

- IRB P ERIUPkEY
* Developments for higher precision and accuracy
- OB SEEENGEE

« Way forward




Remote Sensing Measurement — Issues
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« Accuracy In real world affected by gas
flow behind vehicle
- BERHNRATERIE
* Need higher NOXx precision for dirty
screen of Euro 4 or above petrol/LPG
vehicles and for diesel
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How Accurate iIs Remote Sensing?
& HHY B

« Hong Kong EPD deploys Dual Sensor ££ %% 8l 1% 28 setup such that
2 measurements are about 1 second apart

 Matched data shows some scattering S Ec ¥RV 2B R RI B 7 A
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Scope 1 vs Scope 2 - Petrol NOX_ppm
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Analyzed over 4 million RS data
for variations




How Accurate IS Remote Sensing?
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* However, emission
profiles from both scopes
agree on large scale data
set, i.e., individual
emission data is transient
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e Analyzed over 4 million
data for vehicle dynamic
effect (speed and
acceleration) on the
Instantaneous variations
of the emission level
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Percentile of NOx_ppm

| From about 700,000 2018 RS data |

Data from the two RS scopes are overlapped / /
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Percentile

e _enginetype_Petrol_Query S1 e Name_Petrol_Query S2
e Diesel_Query_S1 e Diesel_Query_S2
e | PG_Query_S1 e | PG_Query_S2

Percentile &5 usually converge to final shape
when data count is over 1,000

See site selection and data QC at the end




Effect of Speed and Acceleration on
Remote Sensing Measurement

Over 4 million data
from 2011-2017

Average out the
emission variation
between vehicless
{CA R BRI EESR
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Group by speed,
acceleration and fuel
type with at least
1,000 point in each
grid= s &>
1000%4

Speed is a prominent
factor on emission
level B2 7R ¥ E& T 81
BERRETE

Mean NOX vs Speed vs Accel

RS NOX unit in ppm
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Effect of Speed and Acceleration on

Remote Sensir
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g Measurement
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Mean NOX vs Speed vs Accel

RS NOX unit in ppm

m1150-1200
m1100-1150
m 1050-1100
m 1000-1050
m950-1000
m900-950
1850-900
= 800-850
750-800
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Petrol/LPG NOX increase
with speed, diesel NOx is
the reverse
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Accel/Decel has no effect
on emission — VVSP#
assumes direct correlation
RSB E-AGE
VSP1 XFIQ

I.e. RS is measuring gases
behind vehicle even when
gas throttle is closed
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#VSP — vehlcle specific power according to speed, acceleration and vehicle weight
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Effect of Speed and Acceleration on
Remote Sensing Measurement

Petrol Diesel LPG
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NOx Stand Deviation vs Mean over
Speed/Accel Matrix
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® Values Petrol SD.NOx

SD vs MEAN NOX ppm
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® _Diesel SD.NOx
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Variance of emission
within each grid
point of speed/accel
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Mean values grow
with variances

NI EREEZIE
Diesel has lower
variance with the
same mean NOx
level
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o (Gas is measured by RS even at hard deceleration — the exhaust gas is dragged by the vacuum
pocket behind vehicle
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» Gas IR/UV absorbance will vary due to turbulence - varying pressure and temperature at
localize vortexes inside the vacuum pocket
FRLRAANEEEMPNBAONREBRER - REBEAN - RINERIWESAE
* Measurements at high speed site may cause higher variance — diesel vehicle have less
variance due to large exhaust plume from the un-throttled engine thereby lowering the turbulence effect
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. Impor_tant to check sites and RS equipment for variance in data set for better site
selection and data QC
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e Vacuum is created behind a moving
vehicle, generally higher with speed
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»  Exhaust gas is dragged along — RS
still measure gas even at vehicle
deceleration
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Frequency Distribution of RS Signal
B MRS 11
Bench vs Tallpipe it vs He&E i

Little high frequency signal in bench
test vs the measurement directly over
the exhaust of a van driven on
dynamometer. Higher frequency
spectrum may vary gas absorbance.
RIVRIE L2 B S REEE - I
%*%%EEUEKEUHH%E - EEEA

f_Spectrum of RS on Dry Gas Bench Test
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New Remote Sensing Device

Low profile to avoid measuring hot exhaust gas
direct

- EREUEER - #ekmlEzEE

Open path dynamic calibration instead of gas cell
type static calibration
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Cater for real world turbulence
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Enhance NOx measurement precision
- WERACYHEREE




New RS Equipment Calibration > and Real World
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Real World RS Measurement Affected
by Turbulence Flow

 GEEC (RS manufacturer) provided data for analysis
— BHGEEC =R HEEIERIED

* lllustration of vehicle dynamics (speed and acceleration)
effect on real world RS measurement
- EMREENERELEIREENEE

« Measurement optical path already lower than vehicle

exhaust to avoid measuring hot gas — gas absorbance is
proportion to temperature to power 4

—- SEINIMERBERNE - BERe R E
 Signal processing applied to filter out data with high
transient due to turbulence

— BUSERELRE R




were found &%

Transient data filtered leaving only valid points in each RS measurement? &L 7 FY EE B 2 44808
Number of valld oints is much Iower at high speed and deceleration where highest turbulence signal
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Average of VALID

Average Valid Scale vs Speed vs Acceleration
/’——\\
=70
60-70
50-60 T
10-50 — W 5-6
& mi-5
30-40 4
=34
20-30
m2-3
10-20 o
0-10 -1
2 T 2 8 7 § 2 4 © % 9 6 o 00 9
V-SR-S e SR - R T S R A R - S
KPH's

A scale of number of remaining
valid points, 1 being the lowest




resuiting In incorrect gas ra
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Average of road_gas_sum_cc2_c

acceleration .'

CO2 Strength vs Speed vs Acceleration

Gas Strength is proportional
to number of gas molecules

speed ~
m12-15
9-12
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H3-6
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gases resulting In incorrect gas ratios (2)

NOx Strength vs Speed vs Acceleration
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Gas Strength is proportional
to number of gas molecules




resulting In overall incorrect gas ratios (3)
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NOx/CO2 vs Speed vs Acceleration
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Percentile of NOx/CO2
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Chart units are in raw machine format
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Road data overlaid EEEB 2 AR E = SREREIE

NOXx detection limit (3 Sigma) better than 100ppm 3 & 898 %0 FR1E 8 5L 100ppm(3 Sigmar7 %)
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* In free exhaust flow format, analyzer concentration does not follow RS signal — gas

flow in optical path is not uniformBE FBIE L F - W& Z=RIBRER

Sample condition (pressure/temperature) affect RS
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measurement BEREARAR (B NNIRE)

Tracking of CO2 (RS vs Analyzer)

e 002 (RS) === c02 (Analyzer)

RS units are in raw machine format
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Way Forward

Need to enhance the RS roadside data collection method — better
calibration and equipment audit using dynamic method
- BENENRKREBTIREZGE - KESHKEEN LIF
Site selection important to avoid high speed high deceleration data
- BEEENNTHER  BRESENSBIRERIT
Improved RS equipment can meet future enforcement target for
gg; — for diesel, possibly in 100-200ppm NOXx range over 10%
— EQ%TE’\J%/EJTE””TLiﬁfﬁXNOxﬁﬂ/ﬂﬂaﬁﬁf HEROHEMS
#J7£100-200ppm Z & (10% _ & 15 ik K B)
Dual sensor a safeguard for diesel dirty screen considering the
variation due to turbulence at low concentration level
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Thank you



Site Selection and Data QC

» Dual scope set up aids selecting suitable sites and QC of data collected
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Profiles of
two scope
data agrees

Good site
and good
data QC




Site Selection and Data QC

e Compare profiles
between the scopes
and site historic data

* Problem with
upstream scope, data
rejected
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Site Selection and Data QC

Site with mild consistent slope and medium speed are
suitable (most of our data are with speed below 50 kph)

Higher the speed, bigger is the turbulence behind vehicle

Beware of nearby vibration sources and consistent wind
blows

Bad sites will have different profiles between scopes and
vary day to day

AVOID bad sites




