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ABSTRACT:

From the perspective of transportation planning, this project examines the correlations of highway traveling behavior
with vehicle energy consumption and emissions. The correlations we measured are based on realistic data, which is collected
in a second-by-second method and from a running vehicle equipped with the On-Board Emission Measurement. Our core
concept is to explore the feasibility of developing an “integrated evaluation framework” (IEF) which is capable of
incorporating vehicle dynamic performance of energy consumption and emissions into the aggregate sequential travel
demand model. Unlike the traditional mainstream, which estimates vehicle energy consumption and emissions on the
trip-base, with parameters of distance measured by 1/km or g/km, and from laboratory testing, we approach it on the link-base
with parameters of travel-time vs. running-speed at link-category, namely g/sec, from a series of on-road surveys. The IEF we
are working on is expected to enable us to establish the sensitive correlations of vehicle energy consumption and emissions
with travel time, running speed variations and traffic diversions among network links. Eventually, with the correlations of
traffic dynamics with energy consumption and emissions, the IEF shall lead to the establishment of an operational tool to
enhance the sustainability of transportation planning and project evaluation practically.

The multi-year project, with an aim of model construction, may result in the incorporation of vehicle energy
consumption and emissions into the aggregate sequential travel demand model. The findings of the first-year pioneer study
tend to suggest that our innovative concept of the IEF is feasible and workable. The main achievements in the first year are
listed as follows:

1. Exploration and Concept Development of The IEF

(1)A comprehensive review of the relevant literature lends support to our research design.

(2)We identify highway-traveling behaviors that can significantly affect vehicle dynamic performance of energy
consumption and emissions.

2.The Survey and Analysis of the Correlations of Vehicle Dynamic Performance of Energy Consumption and Emissions

(1)Experiments are designed and executed to build up the dataset that contains over 200,000 records on one vehicle of five
kinds of link-category.

(2)A set of functions are constructed to estimate vehicle energy consumption and emission rate, of CO,, CO, THC, and
NOx respectively, vs. running-speed at each link category, in terms of g/sec.

(3)Analyses are conducted to investigate the dynamic factors that may significantly affect vehicle performance of energy
consumption and emissions. Comparisons made include driving cycle (FTP/EU/Taipei Metropolitan/Taichung
Metropolitan/Kaohsiung Metropolitan), usage of headlight and air-conditioner, measurement condition (on-road vs. lab),
and grade.

Based on the above achievements, we shall proceed further with on-road surveys and corresponding laboratory
experiments, with more vehicles, in order to calibrate the correlations of highway traveling behavior with energy
consumption and emissions, eventually with robustness. In addition, a case study will be conducted to demonstrate the
potential applications of the correlations measured, with an aim to integrate with the aggregate sequential travel demand
model.
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4.2.4 BEIE=F IS HHN 1 CMEM

A~

CMEM(Comprehensive Modal Emission Model)&_# National
Cooperative Highway Reasearch Program(NCHRP): ¥ 842 =
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4.2.5 BHIEHTS MVEL 45

MVEI(Motor Vehicle Emission Inventory) s 4v - B 0 #7fx #
P E 2 - > d 4 Y3 § F R k& (California Air
Resource Board, CARB)*7 B % » & &|d v B F A1 » &
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VT-Micro (Virginia Tech Microscopic Energy and Emission
Model)Z d Sad L r 121 « & B N aylcBic £ 2 5 4 <z
B o PR H B ;‘3 ) & % # (on-board emission measurement,
OEM) £ 9 %3 ANt 4 352 2 LB Z 2 fnte M S8 2
P R RENF SR AN RTHEERE )R
M i d %;“ OEM—2OOOTM(F‘ Clean Air Technology International,
Inc.#T g )ehig Bk B 4 > S B R RIFT R R 2T B I FEH L
B s 24 kdp oo B3GR 4ot 425 A

33
exp(ZZ(Lf,jxuixaj)) fora=>0
MOE , = 0
exp(ZZ(Mf,jxu"xaj)) fora<0

i=0 j=0

;¢ 4-5
He o,

MOE, Bz P b 4% 2% B2 PF /5 2 £ 2% 5 (1/s or mg/s),
L, deid B AOTE (e F ik

IZ0E E Y S A V) L R S

u Bz PF i & (km/h)

a B P 4v i# 4o & (km/h/s)

IS

427 & 5 FEHEL 0 GREETI.6

Argonne National Laboratory (2004), GREET 1.6 4 47 #i-;% #_%
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e Hadre P aERY 44 L@] BREGIFER O TR A
2l W RERGE O I B RE TS R F
BB RSB 0 AR 42 ¢ 7 % s /R (total energy sources) ~ it F
it Ja (petroleum, natural gas [NG], and coal)!? 2 % /& (petroleum):5
WHEE - ARERIFET L R E TR F H(CO,~ CHy ~ N;0)
5 3 A #3p (VOCs ~ CO ~ NOx ~ PMyj ~ SOx) °

4.2.8 # =3 H|*%  MOVES

MOVES(Motor Vehicle Emission Simulator)¥_#% & & % % & ﬁiﬂ
2 7§ & F 72 % (the Office of Transportation and Air Quality,
OTAQ) > f 2001 £ % (5B 4% £ 4 B chit— K35 3 73 4 R %
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7 B B (roadway  link) & 38 45 F st gy 2 B e D H o
MR R AP R A %‘r%ﬁﬂ BT AR
BFERARL AL LTI ARE L IAR T P
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2 7 1 ;3 4 P2 F (emission rates)at i * N E B~ P OELE HCE
EREEGREE R D5 4R 15 R E—O0EM-2100 >  pF
e e d P 2% % % (On-board diagnostics, OBD)#7ip] {8 2. 51 & %
HBE D RERETH > LW RN DT AH PN H Sk
g RERTAHE D S HC - NOx~ CO & CO, i3 L2 §
Z Mo - R RS HEL[FEARRE/ ]
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f—r
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~N VvV Y

DATA
MANAGER

Total activity by Emission
Total fleet/operating rate
ac.t1v1.ty ) mode bins :
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A l

Emission
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VMT and
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Link/zone
Travel
Demand
Model

Total activity
for venhicle

type

Trip-Based
Travel
Demand

aD

IMPORTERS

Emission Total
Factors Emissions

Microscopic
Travel Model
or

Enhanced
System

Core Model
Iterate By Process, Pollutant, Place, Time, Vehicle Type

T kR : Koupal et al. (2002)
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1 n ) #ABE (blrd R 1 R #) L85
%%’f&’aﬁﬁﬁW%4éiﬂﬁﬂ~mmmﬂ6p%@ﬁ
Bt P 45 * o XA o GREETI.6 245 6w > & - &2 5
ARSI AR R B RERRBH 2 B ko
AEmAERYIET (FHLB425)

£ 9+ > MOVES 5t ;ra.q;g;e[ﬁ R E TR BB (¢ %

Vehicle Cycle

“EE*E N

Fuel Cycle

T kR - A4 2 2 p Koupal et al. (2002)

B 425 MOVES = 7 jE&ER

7 MOVES RliLi¢ * % chf £ 4B » i ﬁa%whu@a7
W R T A 0 H P Yimporters” i F AR 5 @J%ij%s_'\ g
754 #9%F 2 Wi 58 o 49 #°° MOBILE » MOVES % 7
28 3¢ 2 b > FF power demand & H s RHNE R B R TR
LR R N

M- BAEHHS Y Y RAG R M ERF R
PR ERLZEE THREE X E ) FHEE > pd o
% f%% ## & (congestion level) - @ MOVES p|:& 2

R s TR FREFENT SRR

m{*
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Bl ER DA B ;aﬁg;;ﬁs'g FEAE AL R Z B oo th b2
R AVE A E BT R BB B R g2 5 4R R R

His w3 i"smy o #4iE ﬁi%J%' FERRVE ST 572
ZELEHN 3 W RAY O NB R RN
THREBTY S F WP 2 o

Rilett(2004)*> 7= 3 @ ¥ 2 F B - 2 ¥ W HF L RE T L
Fo2om PN 0 X EE PR Rk (PEMS) A 4 % % &
MOBILE6 ~ CMEM #f4& f 2. NOx # % & 40 111t i o 77§ ¢ 5
e % i i #R H38 CORSIM(Corridor Simulator) ﬁ] ESRUE TR 3
REf o ndga L83 2 ge s - 2¢ > CMEM #
LIS AR R VA R IR SEL I LA T I S R

ch

Z

4

MOBILEG6 #rfcdienis 2 3 5w B % 2.0 & > F A 0T
g R a2 Tmpd p | 9 is o fed 3 MOBILE6 %3 &

IR BRERERTEFYERE S TP > L8
PEMS #7ip| @ 2 Bcdp g % (% » B R )RV @ B * ) o

BREERMGE TG R > 4ot F 54T v E
BH RPN 2 > ot A 2R Y2 PEMS 2 2%
S S

Ptk o SR RER O B ARESR AL R B
RO 2 B 4o 2 id B > Rakha(2003)* H = 3 ¢ 0 U pgRpFiE R
i RGP ¥ 2 5 A S (VT-Micro BER ) R 42
BEARERF - FIPEP AR E R TEERF P DE
5L -RE FRFRAEZEKBEDIIEREESEE > TR
T OBLERE AR ?gﬂa%\m#%?pﬁiﬁ%%’%
N2 STHVIE IS A 2= £P- A

k@ > Lindhjem et al.(2004)~ # ! iﬁ—@ﬁ%% F RN F * A
B S AP B Pk B o Bldo T g B AT o T ik

P I P
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§ON AT ARG e R B AR h o H
SERS RIS AR EEE R R S A A
CE SRR R S RS e R A R
ﬂy,yrrwﬁiﬁ@%mﬁmﬁﬁﬁﬁwh%ﬁﬁﬁﬂ’fl
BB REE A 0 AL M AEKS (emission
factor models) £ #- i #-3% (modal models)r*v X EE AP o
P AR AR A 2 A AT R A AT 2 B R
He(output) & 48 15 f 4 e 1LV g B A 4T

o

4.3.1 T 7 5 B (input)

MU B AL 4R Y o A S R R BoROS B DR B
ﬁﬁ%ﬁ,jﬁﬁﬁ%ﬁ%&%ﬁﬁﬁiﬁﬁﬁ%ﬂﬁﬁ@i
1. # 2% % #&H ;% (emission factor models)

RAIRN A 78 A B (cycle)2 T3 R > R & T R R

‘mﬁﬁgtmﬁﬂmﬂiﬁﬁ%@ﬁ@ﬁ’iﬂﬁ—ﬁﬂ
R RH ATid s AR R o PP U5 LR
T/ (7% &E%‘i}?ﬁ],—‘i I > 4r g/vehicle-km

% K % % % (Environmental Protection Agency, EPA) =
MOBILE 14 %2 4 ' 2 &£ F /& & (California Air Resource Board,
CARB)# MVEI 35t L 88 4] endi iz #0378 © 34 » MOBILE %ﬁ—
d F k3P B RpREA s (FTP)r* 2. 78 A » kB A8
i3 % # 2 & (baseline emission rates){s - I pF > #-H B B ED im
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FARRZBEFLEREFNEL T EL
£ BT A i o

PAFAE S M ERSE R > AR L ERLIE TR
CEROTF AR REE SR AH I R R R
T h AR MATiE 8 2 L0 B85 4 P ﬂjei%@z AR o 7]
t“’Jﬁi%iﬁﬂﬁ??‘ﬂl%@%jf{%ﬁ%f&—%:}.*J‘,_pi% o_;‘z—riﬁ;
LAy A AN 2 i N AR HEE P .
(1) 7 2 %24 % 2

B LB FE R AEE AR B R
FRo TR EE- kA Rl AR

&~
[
N
\\".'.7 N
=
o
7—‘-
I3
&

gh’(

- S ‘
BAPRF LRI FORRR S G R E R LA R
v g 2 45 B AR P b B i

A
A\

=
i
.}\:

BB AL p R FA Y o F B R
3k RT3 A e bAeE ®AcY G EIRGF2 FTP 78 )
fs (City Cycle £ Highway Cycle) » #£ 2 T RIL 5 4 W &7 F &
3R F ehig BT Bk f (driving pattern) 0 F] @ i ﬁ.‘_ ”Cal-Urban”
% 7Cal-Rural”a B A7c0 {7 2 31 f » 3= 4 W 3= & fAATH
BERE KA B ar k2 B R R AR FEGHA L S DA
B o

(2) * I 2 fRE R 2 P

d NPT G P TR L R 5 A

zl.aﬁ KB RmE R F ALY R L R R
, ’@%u BPEH ST RE > Fla B FR AL EER
F 2O D IRE g S B o ‘é’{ﬁ“ﬁﬂ‘]ﬁ—‘i‘%*?f‘ﬁﬁ}iﬁ
e R RC A RRAZE FDS AT R TR
(Ochieng 2002, Rakha 2003) - ¥}t T 359:% B fpi7 0 B & 7%
=t (drive cycle) Z B e EEE AR mE R AR
FUK-gE 2 FEE] Dk (Rakha, 2004) o

BFSAT Y L g PR GRS ET A A R AR

a1
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B ez =X {7 & (internittent travel)® o #7ig = 20 i LB T 5 B
Fh e R KK § KB EREL o B 4
FEZHNT R AR RZPEAP GNP o B 4o (Wayson
and Kim, 2000)F| * 4cik & -1 B e g 1138 P (4o power) i & ﬁ%l »
SBc(input) » ¥ K5 AP G ERIFIERLLTF AL S &
# o~ i~ pd B n(free flow) ! 2 S v g o

st #b > MOBILE 6 » 4% MOBILE 5a %< & » #-'2£ 2" 7% ¢
FREN 2 gRPPELEALEEEY DER LRI &Y
%’ﬁb“} RN (Ao s B Eu fade )1 B RO B (Ao ik i R
BRI v RN E A GE)E AR FHE BRI AL E S
P P Fla Y B A0 - B AT RS .
Gldo#-lt frd B (T A A BB E 0 M E PGk B
PRERBEIRFREE 2P Gl Flpt o § iﬁf’fﬁ']?\;ﬁjs‘“
W - i P 7 Fe oohsg BR A AE P (facility cycle)pF » £3x i #ic{ 7

)

i S ERT: I ﬁg\;‘u&ﬁli’h?}iil} ;A o - B R
B - BHRILATIHERAT A2 IR AR - ¢

L AL

BER HCERBFCIERET BPAOTE S DT AP RE LR o
2. A 278 (Modal models)

B L R gD B d b i S l(P s e R
TS I R A ST e g
®o AR E R RE T ST R NIl B E AT o

LLL?I‘ 71}L\ ']7}’3_;\ ;;}%’H’}% f'ﬂ“’é""ﬁi\“g‘gfﬁ‘] ,‘ﬁ_,“:fbi\"?

WA AP RET R REPEMS) ML FREEZKE - 29 5 d
HERRR ARV EIEERELY L E D RE L E TR
B g o F iR L - fE AT e féﬁﬁf“” ERREE Y M
LEGIEFEI e R EHBE TR S PR

%’{!%;fprﬁgﬁﬂ;id u’L’rﬁAiﬁﬂlﬁ[@% 3 A, ?A};ﬁ;ﬂ@rﬁ;ﬁ

Bheig B~ EFR A ARG ER S TREERS
(physical power-demand modal modeling) % = #g > /2 » %% & i 4o

L
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(1) §q<y 0BT % IR 4 1,

FE B E s RE AR o L2 B R A ﬁﬁ%ﬁ
RO FR R E R AL AN TYHBE I T 05
P L i8> 5] 4o MOVES *® & VSP!

(2) fl* 3185 4 rggag FAL

Mdjmz 2 R RAFTHM B IIEFS I EHG T
o A B E R s A g o H A B G Y  JR S FOR A
CIE LI O S G I i S - S i eF s IR SN o i i
&AL o
3) 7% A I R

Bk ﬁ#ﬁﬁﬂ’éﬁﬁ%ﬁ%ﬁﬁ’@%ﬁ%%ﬁ
ERE LI MR G > A HBINA - CMEM 4] ®
SE o D e L 2448 0 0 R FRM R E Sl KA
¢‘%ﬁ%ﬂ’@%ﬁﬁ&%ﬁﬂ*+ﬁuéﬁoﬂﬁ’&é
AR HEEF L R e L s

T

&ﬁiﬂﬁﬁ?%’w%*ﬁﬁ%&ﬁﬁ’ﬁ@ﬁ\%u
FamB TR LA > 2 TR RR KA D PR R RSP
iﬁ%ﬁﬁ4?°ﬂ%?#@ﬁﬁm’ﬂ&ﬁﬂﬁﬁwﬁ{ﬁ
GRS SRS R I TR S

BA o AR A PRI NEZSBERE L Sl KBS
RECL R FHERI RS R BEEREHRHS
Fo o SRFES R TEESEERESE DM
Mot R2 4 Rp TR F82 Br EIELE L+ & o

' VSP(Vehicle specific power) : ¥ * k& 7 2 fmi7 R >TF et o b L R 2 E e i
T R S L LT T F i I A
PR E - BRI

i
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4.3.2 T T S8 (output)

doE gy L~ AR e D R G
éfﬁ?@ﬁiﬁﬁ < B s R ﬁi%J/\ AP0 HT

M g ARG RN o ASA T ERY Y ESI R
WM4i*%éﬂ°WW’UTQW%E%L¢%?@%%’
CH IR LRl R e 2 AR AR

# % £ il % ¥ 22 MOBILEG6.2

Qiao(2005)*" Houston, Texas #* * & £ R | % B OEM-2100
APEAERE MBI REEER RO LA G 5
Pl B AN E G B PR % B#k(F HC - CO -~ CO;p
NOx ~ PM)&z b 4= e » F -2 J R R R FTHF 2 EBF E LR
# 45 ¥ MOBILE6.2 iz 2 % Apit i » A3 2% 31 (1) 2
T3 g RAAKE Y 0 B fAdE B 2 3% iR (arterial) 2 di T Bk
A FEE S 5 (2) % IR "‘-’%E\J_ AR P Tk ik B
MOBILEG6.2 #f & ¥ thiic @ & 3 13F 5 > 3)2 dw &> B R i
oo @ R Rk F et Rl 7 ehficdp i B Y MOBILE6.2 # ¥ ehid
% > £ 2 F HC th& B > MOBILE 6.2 & & thw 3 » F]pt 43t 2
fRlr T 2 s R B iR - o FET Y e

& §* £ & ¥ - CMEM £ MOBILE6

Rilett (2004):14 PEMS #7ip| {8 2. % % » A ul¥ CMEM 2
MOBILE6 *7#t iz 22 NOx 3 F 4e 101t o7 A 45 - 2 ¢ CMEM
1% MoBL X B SY CORISM i o) 2 38 £ 38 B G i #i5 » o8
P > @ MOBILE6 BJ:#-pt i £ & g g (link) 5 8 = > f 4 %
e fT 303 & 15 8~ o .12 MOBILE6 # CMEM # 1} 2. NOx
fic & P 2 2 Bw] (link-by-link) 5 & # 4 7 - ¢ *> MOBILE6 &
CMEM &7 %35 8§~ W&z 2@ FFw > 1% 4
TiofEz PRA TG Dehig E okl A X5 PEMS 2 &
DR TR DERIT P FREAY BELE TG DD G
it o ¥ gt » MOBILE6 ¥ CMEM " #f 3 % #f 25 058 o1 s 2
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NOx# = 5 #icie » ¢ B > PEMS #“7p|(F 2 % % -
R o B % % dp I CMEM *% power= 0 mph®/s (7 & 4v it B
AP - Bie 2 NOx# i F 2 i & 0 v 4e > (e o R
ﬂw&%EWﬁoagmeFﬂanmﬁ,NOﬂﬁﬁgi%ﬂg
ME UFUMG AT fmaMEmRp NOx 2 # %83 >
HE R e A ﬁ¢ﬁ AR EERFNE - B LERP
x 23X L B2 3 - MOBILE6 #7ip]## 2. NOyx # %
Bd#c® 423 f6 power 22 CMEM fa G #icm 2 fF » ¥ 2228 3% § 1
C " B M
3. VT-Micro -~ MOBILE ~ CEME ¥ EMIT?

Rakha (2004)#% VT-Micro £ 1/ fi & & % ;% (MOBILE -
CEME # EMIT)2 & % @484 4 474 v & » £ 2 %4 OEM-
2000™ 2 R B dm o N F R A RIE TR R T2 FEE S K
BEAPREE RS PRSI FRAZVRAR PR
YEF o ATE BEPLSE B F DS G G (cycle)® > MOBILE

FoEE kT A FD AR A ;{L;}ﬁ%i%j 1% 8 > @ CEME #
o

EMIT B #4302 178 A i ¥ fic) ehd BB o
FEITHPMFT o ARG I A REL D
aEWﬁ%ﬁa’&%‘?ﬁ%rnkﬁmfﬁﬂxﬁ%ﬁwﬁﬁz,%@

MBI % %3— /Lfm f“%’%]ﬁ*
ﬁg%yﬁiﬁfb%’iﬁw‘ﬂ
D R FOR R iE Y o FL R PR Y 2 &

AERB N > Bl R F RS R B E 0 F

? EMIT #_d Massachusetts Institute of Technology and Ford Motor Company *7 % & 1} *
R B E LT R R fy A 4L 85 S B g i B 0 B 2 E ¥ 58 4 i Vehicle Specific
Power(VSP)#2 3% » iz BB # 4 (power demand) 3 1‘\7 B o EMIT #3587 4 * geprid & v
toiE BBy U E N R s R e £ R o B B RS A i BB 5N (road-
based emission modeling) SR e A T N JR A e fir; 13 Nk fn e
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*43-1 nESEHIPEHER
oS A FER S & Ak 5N
T moBILE s | MOBIE | mvE CMEM VT-Micro
B* gE | ER o
i 4% B /9L 3 U3
RN T WEH TR ERREY DI fEEF LD
. B P L e 4 a= o L 22 B2 &’.’L/g]/ﬂ%ﬁ_
AR FROTF AR Y
= HYFRERE R ERS LB e
I AP g g AR
) a
CFERARPTFRARA AR | T
R LS SUE R ]
B2 @ A (FE s RS | REINFFTREFEE R RW DR
TR AR ARG X NPEL DR 2B B HRET S AR
A (T E A L2 BT 9 .
T TR e w R L 6 R
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ﬁ%)\ > K ? §® # % % #ic (vehicle emission | 2 §m3& # ¢ i (operating modes)
factors)
FEREL | Mird B2t XA EFLEFTHE > KL L kp EPA-CARB 2 & i % >
ik SILF A AR 0 X EE AP KD A H TR AL Bk
B |l d i P REHREE I ERLE | P HEE R RZEHTHR
¥ & TA R TIEEZ AFF A
57 0 I B B B B4 HC 5% (off-cycle
model) & 4c 8 & = 7 > i a fd 4o
BSR4 6 Tl e
B B | bl B g RAHF AN EREE | NBLRFTH 2R TRE L PEEANEF L AL
7% BREBFZ o MR R k| R
o4 fg B | FTP FTP ~ SFTP | LA92 FTP - MEC ~ US06 & | & i\l Rk B &K
* ik w1 FRERRE FR AR
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iR =t HC - HC -~ HC - HC ~ NOx ~ CO HC ~ NOx ~ CO
NOX‘CO NO)(‘CO NOX‘
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wmi e |4 j j j j
GHcH NERGRE/E ey RHEASRE/E R
L * 32000# 1 {8 frend Al e

TR kR
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3. I ERAp R Byp P RAFERE IR 22T R
AL HF DR ERE > Mg R R BR R
LA EREFIBRELERIAZDERR » L LATEHR
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* 4.4-1

EAEREBIRE R AT SR

L L i H
(2P) (= %)
DistKm Fx BE AT Km
Level P = ERE 5] -
Class Bz ERE 2 -
Type Pz FREs3 -
Year F oz %1 &g #
FF Car Kph | F % pd B F()ED) Kph
FF_Car_Min F pd Bzl £8) b 4B
Cap_Day Cap_ Hr FREE PCU/p & PCU/'| p&
Alpha B EEF RN RS ED) -
Beta S FEREY M AB(CED) -
Transit Only = [ Wxiﬁ%’]% L 180
Non_Transit F oz 1 # % % NON TRANSIT 180
AB_Car_Min | F % AB sz AR ()] £ ) KA
BA_ Car Min S BAsz iz (/] £2) a1
AB Pre Day AB Pre Hr AB * w2t 73 2 @ § | PCU/P & PCU//| P&
PRELOAD
BA Pre Day BA Pre Hr BA * w2to skt £ ¥ | PCU/p & PCU// | pF
PRELOAD
Walk Min F =z W {7 pF R A

FRKR  Mpd s E 2B

3 EO9SE (20 o

G F RS g (3/4)
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4-35

F 442 BIPESREEA L SRS B
Level Class P B2 e £ & (km)
1 1 i# 'L 100~110 - #5:p B f 796
B 2 i L 100~110 % jif
3 "2 100~110 524 2t 8.1
4 i 90 — ALk F 144.6
5 TR - LR 18.1
6 VI BES THHE 1.1
7 £ uif 18.3
8 RS AR
2 11 Poid 2FL(R 2D 4 454.5
Poil 3 B 12 Prig S EER AR E 4] 59.9
13 £ upif 8.0
14 AP
3 16 xR G T 60 BL ) 157.8
Wi 17 W i T 4 485.4
18 WiE -3 I 43.2
4 21 B L FH 1B 1,325.6
4 i 22 B L 2B 137.5
23 R RE B 976.0
24 R RE AR 1,208.4
25 CERE R LN, 104.3
26 BEFFHE D 156.5
27 BB IR 2 B 530.6
28 G b
29 asﬁ%:@
5 31 B LK 1B 553.3
i 32 FhiE L % 2 B 5p 24.3
33 s S L 1,878.8
34 s YR 308.0
35 Brif 4R 3 B i 8.3
36 e DR 363.7
37 L e VR LD 188.2
6 41 FRELFE 1D 81.1
FRip 42 FRELE 2B
43 RE TR 1B 395.2
44 FRE M F B2 8 9.5
45 PR MF P 3B ap ot
46 é’ﬂlgrsiiélﬁ;g 133.0
47 R rs FIE 2B E 15.7
7 51 B R LK 174.9
B R ip B 52 ﬂ spsgﬁxr‘lié 403.3
53 i REERZ T 682.7
T KR R R FE Lﬁ‘%éﬁﬁ%l% FHNE T (3/4) 0 % iffssﬁﬁ%l
it A F95SE 120 o



#4433 LEsEsZERRIGERAIES B R

Level Class Fp So a B
as |0 ool 20 | 0 0

1 1 i# 2 100~110 — 453F B 99 0.41 2.37

R 2 i# 79 100~110 % inif 99 0.41 1.05

3 i# 2 100~110 5 54 2 99 0.50 1.67

1 4 #7990 — AL f 90 0.29 2.64

ik 5 71 B % BER 99 0.34 2.54

6 R ELRE T 99 0.56 2.87

7 £ 68 1.43 4.14

8 Bt 90 0.29 2.64

2 11 it 2 (2 208 ) 70 0.52 5.10

Pt |12 Poig 2 BERA D F 4] 58 0.76 3.94

13 £ g 68 1.43 414

14 B Af v 70 0.52 5.10

3 16 i d % nig (i 12 60 £) 60 1.23 3.00

® i 17 s 40 1.23 3.00

18 IFEEY 40 0.82 4.94

4 21 IE R EE 50 3.76 3.29

% i 22 B L E 28 60 3.08 3.78

23 BERTE LD 60 1.93 3.19

24 s VAL 70 1.39 4.34

25 s FEE 70 0.59 4.46

26 KERTP LD 50 3.59 271

27 IE LS VEE Ll 60 1.56 2.70

28 A AR R 45 1.76 2.79

29 "é i S 68 1.43 4.14

5 31 B LR 1 50 3.76 3.29

B 32 FEEPEE 60 3.08 3.78

33 ,T,,:EAH@ B 60 1.93 3.19

34 s VAL 70 1.39 434

5 35 s FEE LN 70 0.59 446

Bhig 36 ,T,,lgrs E TEr 50 3.59 271

37 L ES PR DR 60 1.56 2.70

6 41 S L 1 B F 40 3.76 3.29
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F 5.2-2  OBS-2000 series = M g 2

Model
0BS-2100 0BS-2200

Measuring co NDIR (dry) HNDIR (wet)
components / CO, NDIR (dry) HNDIR (wet)
Input signatls THC FID (dry) HFID (wet)

NOx CLD (dry) HCLD (wet)

Exhaust flow Pitot flow meter Pitot flow meter

Standard input 1 From accessory sensors From accessory sensors

External input "2 Max. 16 channels (optional) Max. 16 channels (optional)

OBD data "3 Max. 16 items (optional) Max. 16 items (optional)
System Power supply 10to 15V DC 20to 30V DC

specification

Power consumption
(at stable state)

Approx 0.2 KW

Approx_ 0.5 kW

Dimension Approx. 350 (W) x 330 (H) x| Approx. 350 (W) x 330 (H) x
500 (D) mm 500 (D) mm

Mass 4 Approx. 29 kg Approx. 29 kg

Recommended Deep cycle battery, Deep cycle battery,

battery 12V DC, 65 Ah (5 h rate), 24V DC, 100 Ah (5 h rate),

Application

Diesel vehicles

approx. 23 kg

N

approx. 64 kg

)

Gasoline, L PG and
CNG vehicles

3

+

CFR 1065 subpart J
Conformity ™5

*1-  ltems for standard Input Exhaust temperature; Exhaust pressure; Ambient temperature;
Atmospheric pressure; Ambient humidity; GPS signals (longitude, latitude, altitude and velocity)

*2.  External input: Analog voltage (0-1V/0-5V/ 0-10V / £10 V); Analog current (0-20 mA / 4-20 mA);
Thermocouple (J / K); Platinum resistance thermometer (Pt100); and Frequency counter (0.1 Hz
10100 kHz)

*3:  OBD data: Vehicle data conformed to J1939 or J1708/J1587 via CAN interface.
*4.  Mass of the OBS-2000 main unit, without PC, attachment, battery, and all optional units.
*5. Amended July, 2005

F#L %k : HORIBA(2006)
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Z 5.2-3 HORIBA 2000 Series Pk ZBHER f > FEFELHE

Environment for use |- Temperature: 0°C to 40°C
- Humidity Under 80 % as relative humidity
- Altitude: 0 m to 1500 m above sea level
Approved standards CE, FCC
Utility gases - Ho/He: for FID fuel gas, 40%H,

100 kPa = 10 kPa, approx. 0.15 L/min for operation
- Purified air:  for zero gas and FID burner air, 100 kPa + 10 kPa,
approx. 0.15 L/min for operation,
approx. 3.0 L/min for zero calibration
- CO+CO,+C3Hz+NO/MN,
for span gas, 100 kPa = 10 kPa,
approx. 3.0 L/min for span calibration

Sample gases - Sample flow rate: approx. 3.0 L/min
- Sample pressure -5 kPa to +5 kPa

Dimensions - Main unit: approx. 350 (W) x 330 (H) x 500 (D) mm
- Control PC approx. 270 (W) x 35 (H) x 210(D) mm

- ElIU (optional).  approx. 350 (W) x 150 (H) x 240(D) mm
- PCU (optional): approx. 350 (W) x 150 (H) x 240(D) mm
- PSU (optional). approx. 350 (W) x 120 (H) x 300 (D) mm

Mass - Main unit: approx. 29 kg

- Control PC: approx. 2 kg

- EIU (optional):  approx. 4 kg

- PCU (optional): approx. 6 kg

- PSU (optional): approx. 5.5kg (for OBS-2100), approx. 7 kg (for OBS-2200)

F 4L % & : HORIBA(2006)

744 % /& : HORIBA(2006)
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F5.2-4 TH=SSBEAHFIRGLNE
[tems Function Notes

Protocol (SJ?;;EJP‘["?:)G&‘;OI to be used in OBD interface

Selects baud rate of the communication
Baud Rate J1939: 125k/250k/500k/1 M

J1708: 8600/19.2k/10.4k
Default button Initializes setup data to default setting
Select check box Selects channels to be used
NAME Sets name of input data
Unit Sets unit of the input data
PGN/PID Sets data ID number
DATA # Sets start byte of valid data
DATA hyte Sets length of valid data
COEFF . Sets coefficient to convert input data
OFFSET Sets offset values to convert input data
OK button Saves modifications and closes the window
CANCEL button Closes the window without saving modifications

F#L %R : HORIBA(2006)
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5-20

*52-6 REH YIS HEFIR
AR ENEE LN ER R SR X N s
LR S
27.5 166.0 |5,693.3| 8052 | 52.6 13,542.1 | 20,286.7
(+ #F)
“ (%) | 0.1 0.8 28.1 4.0 0.3 66.8 100.0
PR AR D Rl s > ARISE DL
F 527 BREHR|EEEH ELSY
# 4 £(C.0) por ¥R R
Baple | ot ol | Bl ol | ARl o
(Fim) | o) | (FHR) | %) | (FiF)
0- 1,200 213.6 3.8 0.1 0.1 213.7 3.8
1,201- 1,800 | 2,852.1 | 51.4 | 80.0 | 56.1 | 2,932.1 51.5
1,801-2,400 | 1,988.6 | 35.8 | 45.1 | 31.6 | 2,033.7 35.7
2,401- 3,000 | 365.4 6.6 6.6 4.6 372.0 6.5
3,001-8,000 131.0 2.4 10.8 | 7.6 141.8 2.5
B3 5,550.7 | 100.0 | 142.7 |100.0 | 5,693.3 100.0
TR &R A 3 > ARISELL?
#52-8 BEME|ETERELY
E'] ¥ Jé ;Tl_ ¥ 2L
S fiple | vpl | BaEEe | ) | BamEe | g
(+ ##) (%) (+ 4%) (%) (+ 47) (%)
Ak 1 oE 243.8 4.4 17.2 12.1 261.1 4.6
1-%i% 3 & 818.6 14.7 49.4 34.6 868.0 15.2
3-hi% 5 & 671.0 12.1 25.1 17.6 696.1 12.2
5-hi% 7 & 626.3 11.3 15.5 10.9 641.8 11.3
7-H % 10 & 1,054.5 | 19.0 17.8 12.5 | 11,0723 18.8
10 & 12} 2,136.5 | 385 17.7 124 | 2,1542 | 37.8
A 5,550.7 | 100.0 142.7 100.0 | 5,693.3 | 100.0
TR KR i s 3R ARISELL
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537 BEEERLIT 6T 6F 10 C RIS
YT L B2 (L AR A A 5 (%)
(km/h) I(RE 15) | 112 R E ) | 34k 122/80F 142)
000~010 0.6 16.2 29.2
011~020 0.6 2.2 8.6
021~030 0.3 2.2 16.8
031~040 0.3 3.8 10.6
041~050 0.5 6.3 11.3
051~060 1.1 15.1 11.0
061~070 2.6 44.7 8.6
071~080 6.3 9.0 3.1
081~090 13.8 0.3 0.1
091~100 27.0 0.0 0.2
101~110 38.9 0.0 0.1
111 72+ 8.0 0.3 0.3
£+ 100.0 100.0 100.0
W~ 4,618 365 1,366
FAKR: At g o
F 53-8 BEFERE-ZFT 6T 6E 11 ZEFEWRES
i R L RAI(E AR A A T (%)
(km/h) TCERED, 1GERE %) | 34(%F 122/5::F 142)
000~010 3.1 12.4 25.6
011~020 4.1 20.8 10.9
021~030 6.3 12.6 12.6
031~040 5.7 7.3 14.5
041~050 3.1 43 17.5
051~060 2.6 7.9 10.2
061~070 3.1 28.7 6.4
071~080 4.9 4.1 1.4
081~090 11.6 1.8 0.3
091~100 26.7 0.0 0.2
101~110 25.4 0.0 0.1
111 12 34 0.2 0.2
£t 100.0 100.0 100.0
RS 5,635 509 1,289
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(km/h) L(FIE | B/RE 255/ MiE 355) | 34(Rhaf 122/B4 142)
000~010 2.6 34.2
011~020 5.5 4.0
021~030 32 5.8
031~040 3.3 9.2
041~050 2.3 14.5
051~060 2.7 13.4
061~070 5.9 14.2
071~080 9.7 3.8
081~090 13.7 0.1
091~100 27.0 0.1
101~110 21.2 0.3

111 r2 ¢ 3.0 0.3

£+ 100.0 100.0
IS 5,477 730
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011~020 4.1 77
021~030 2.6 7.9
031~040 2.6 14.6
041~050 32 11.5
051~060 5.2 13.3
061~070 6.2 12.1
071~080 8.0 0.6
081~090 17.1 0.0
091~100 24.6 0.1
101~110 223 0.0
111 12 ¢ 1.1 0.4
&2t 100.0 100.0
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(km/h) 1R 1 55/RE 3 5) 11(£ 74 %) 34(BhiE 142)
000~010 04 2.1 31.0
011~020 0.1 1.1 5.5
021~030 0.3 1.2 7.9
031~040 0.1 0.9 10.5
041~050 0.4 4.6 14.0
051~060 0.5 11.4 23.1
061~070 1.8 19.9 8.0
071~080 5.6 42.5 0.0
081~090 23.3 16.2 0.0
091~100 53.9 0.0 0.0
101~110 13.3 0.0 0.0
111 r2 + 04 0.2 0.0
£t 100.0 100.0 100.0
R A 1,098 659 1,210
FR kR A F
* 53-12 BHEFER-ZT OIS 6F 6= I SEEES
i B ) L REANEDE R A T (%)
(km/h) 1(R:E 1 5/BE 3 5) 11(4 74 ) 34(RhiE 142)
000~010 0.2 0.2 19.4
011~020 0.0 0.0 8.1
021~030 0.0 0.0 11.3
031~040 0.0 0.4 13.2
041~050 0.1 33 19.0
051~060 0.3 0.9 21.5
061~070 1.0 4.4 6.5
071~080 3.3 48.8 0.5
081~090 8.8 34.2 0.1
091~100 41.2 6.8 0.1
101~110 433 0.5 0.2
111 = ¢+ 1.8 0.5 0.2
&3t 100.0 100.0 100.0
WAk 1,034 570 1,091
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F£ 53-13 BHEFRE-RBF YT 652 FF@mAS
i# B R & B A (L AL)E B A (%)

(km/h) (R 185) 24(4 1 %) 27(4 1 %) 34(BiiE 142)
000~010 0.2 33.1 453 29.2
011~020 0.0 6.0 5.9 7.5
021~030 0.0 6.3 6.8 9.3
031~040 0.0 15.3 14.5 12.2
041~050 0.7 10.9 14.5 10.5
051~060 4.5 19.3 10.1 16.3
061~070 17.1 5.5 2.9 13.9
071~080 39.8 3.5 0.0 1.0
081~090 34.6 0.0 0.0 0.0
091~100 2.9 0.0 0.0 0.0
101~110 0.0 0.0 0.0 0.0
111 2+ 0.2 0.0 0.0 0.0

£ 3t 100.0 100.0 100.0 100.0
PR B8 555 685 1,333 1,187
FH LR A% o
F 53-14 BHEFER-ZTF OO 6E 5SS T I FEBEES
i B R A RFAEAE R A T (%)

(km/h) 1(FE 1 55) 24(% 1 5) 27(4 1 #) 34(BEiE 142)
000~010 0.0 329 471 23.5
011~020 0.0 4.5 6.5 7.3
021~030 0.2 7.1 7.9 10.3
031~040 0.0 8.9 10.6 9.4
041~050 0.0 15.1 11.8 15.2
051~060 0.0 10.5 11.6 17.8
061~070 0.7 16.5 4.3 14.8
071~080 2.4 4.4 0.1 1.8
081~090 2.4 0.0 0.0 0.0
091~100 38.1 0.0 0.0 0.0
101~110 55.2 0.0 0.0 0.0
111 2+ 1.0 0.0 0.0 0.0

£t 100.0 100.0 100.0 100.0
PR £ 420 617 1,395 1,151
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FR | (R 18R | (Ragr | (3 1@ | (3 1a) | (B 142)
(km/h) |25 R | & TAM 2

3 5) SEED
A || A #® & A * &
% % % % %
#i #x #x #x #x

000~010 522 | 2.1 | 137 | 6.5 | 430 |33.0] 1,261 |46.2 1,933 |26.5
011~020 785 32 | 121 | 5.8 69 53 1 169 | 6.2 | 586 | 8.0
021~030 691 2.8 80 3.8 87 6.7 | 201 | 74 | 840 |11.5
031~040 659 | 2.7 59 | 28 | 160 | 123 | 341 |12.5] 856 |11.7
041~050 508 2.1 94 | 45 | 168 |12.9| 358 |13.1]1,056 | 14.5
051~060 663 27 | 176 | 83 | 197 [15.1| 296 |10.9| 1,194 | 164
061~070 1,085 | 45 | 465 |22.1| 139 [10.7| 99 36 | 703 | 9.6
071~080 1,863 | 7.7 | 612 [29.1| 5l 3.9 1 0.1 98 1.3
081~090 3,526 | 14.5] 312 | 14.8 0 0.0 0 0.0 6 0.1
091~100 6,770 | 27.8 | 39 1.8 0 0.0 0 0.0 6 0.1
101~110 6,435 |26.5 3 0.1 0 0.0 0 0.0 5 0.1
111 12 ¢ 814 33 6 0.3 0 0.0 0 0.0 9 0.1

K 24,322 | 100 | 2,105 | 100 | 1,301 | 100 | 2,727 | 100 | 7,292 | 100
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Classl | Classl | Classll | Classll | Class24 | Class24 | Class27 | Class27 Class34 | Class34
vy A B A B A B A B A B
AR () 900 900 580 636 764 774 900 900 900 900
7% 2 4% (km) 20.95 19.89 11.87 9.81 7.79 7.75 4.52 4.85 8.49 9.23
T 32 B *1 (km/h) 83.79 79.55 73.66 55.51 36.68 36.00 18.08 19.4 33.97 36.91
T 35 B *2 (km/h) 84.73 80.45 73.66 60.04 47.80 48.43 31.3 33.26 45.52 42.15
B+ & (km/h) 106 107 89 72 72 76 63 62 69 72
Bt 4vik B (km/h-s) 6.0 4.0 3 4 7 17 9 10 9 10
T 3a4eik B (km/h-s) 1.36 1.45 1.17 1.22 1.75 1.86 2.02 2.54 1.72 1.94
B % i R (km/h-s) 7.0 15 7 6 10 11 7 9 14 9
T3z B (km/h-s) 0.63 0.86 0.32 0.57 0.68 0.88 0.68 0.81 0.82 1.02
T B B3 2 1 1 1 5 5 6 8 7 5
BEWH (%) 1.11 0 0 7.55 23.27 25.68 42.11 41.67 20.11 12.44

Lkl % (Rl
x2 * zieE (%

3 REBEALERAF 02 7B AE DR HK

FA kR A g

A2/ B PER)

TRR/BEFREFR)

FERE=IAAPERFRFpM T EERRE
RSl #7383 kd WP L L2 > R -
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*54-5 FLEEBEHRS TREESCHIFTSS
FE | MR | AR & A (km/h) oW
4l | 8 | (#) [ &:#(0)]001~010]011~020]021~030]031~040]041~050[051~060[061~070]071~080[081~090[091~100[101~110] % #
* 463,399 | 0% 1% 2% 3% 3% 3% 3% 5% 9% | 20% | 27% | 25%
1 A 900 1% 2% 5% 4% 2% 1% 1% 3% 3% 11% | 37% | 30% | 92%
B [ 900 0% 1% 2% 1% 3% 5% 7% 9% 13% | 16% | 26% | 17% | 94%

11 | *4 10,560 | 2% 2% 4% 3% 2% 4% % | 19% | 51% | 7% 0% 0%

(; 4 A | S8 0% 0% 0% 0% 0% 0% 2% 13% | 76% | 9% 0% 0% | 100%

- 7
s) || 6806 | 0% 0% 0% 0% 0% 0% 2% 8% | 78% | 11% | 0% 0%

1 Bl 21 0% 0% 0% 0% 0% 2% | 30% | 65% | 2% 0% 0% 0% | 96%
em |[B2| 380 | 14% 1% 1% 1% 5% 8% | 21% | 50% | 0% 0% 0% 0% | 96%
o B | 659 8% 1% 1% 1% 3% 5% | 25% | 56% 1% 0% 0% 0% | 97%
PE) Tawm 3754 | 5% 3% 7% 7% 6% 11% | 18% | 42% 1% 0% 0% 0%

* M ] 9,262 | 28% | 6% 5% 6% 9% | 14% | 18% | 11% | 2% 0% 0% 0%
24 A | 764 | 23% | 3% 2% 5% 6% 18% | 23% | 18% 1% 0% 0% 0% | 93%
B | 774 | 25% | 3% 4% 6% 7% 15% | 19% | 12% 8% 0% 0% 0% | 97%

M [28335] 36% | 6% 1% | 10% | 12% | 15% | 10% | 5% 0% 0% 0% 0%
27 A | 900 | 2% | 5% 8% 1% | 15% | 13% | 4% 2% 0% 0% 0% 0% | 98%
B | 900 | 4% | 5% 7% 1% | 12% | 14% 8% 1% 0% 0% 0% 0% | 99%

* 4 29,088 | 18% | 5% 7% | 13% | 15% | 14% | 16% | 11% | 2% 0% 0% 0%
34 A | 900 | 20% | 4% 5% 8% 14% | 15% | 20% | 14% | 0% 0% 0% 0% | 96%
B | 900 | 13% | 3% 9% 10% | 14% | 17% | 19% | 15% 1% 0% 0% 0% | 94%
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1.

RRER TR T

£ 7 ANOVA 2458 % 50 s > 2 AL B T4 A

3Pk

4 (homogeneity) & =

[ A

B e d

=X

¥ i+ (normality) ~ B = |+ (independent) £ % £ #ic e &

EF R R ER D

g ERTOEL B RN ESEE T b

7 ANOVA 2478 % 5 i » S L it 7 % B feank

ﬁl—_%ﬁ:‘io

% 6.1-7 5 #99 2z

gL L P
ﬁélﬁﬁé AERFT BF
;*i, x]}‘*%g

HFREF TR T2 8%
0 0.05 0 g E N 4L
AR F A T
DI S v een S R aE o

% 6.1-7 1BE Hs @iga

,/’E’\i‘s/éy%i:

LA 0 I
M RRER TSR

WAL /E L g Levene B pd B | 2N pd R P e
Statistic (df1) (df2) (Sig.)

FUEL 2,866.848 4 140,639 0.000
CO2 1,989.382 4 140,639 0.000
CcO 11,267.013 4 140,639 0.000
THC 6,931.177 4 140,639 0.000
NOx 541.833 4 140,639 0.000

-

g s FE .

FAL KR

SR

ANOVA & 7

>v\-

SN
e i B 4R
:
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1 fR B

i (7 % 0% 1 R o B A
T4 3 > 2T ANOVA /»\Jf‘ﬁ

—ml

J P

o a=005> A3F B 3 e SPSS 2 EXCEL » i {7 %73 e &

Hoh 4285
I R

ﬂ‘/:\]

ﬁ’ﬁﬁ%ﬁﬁﬁiiﬁﬁwﬁiJﬂhmé

% 6.1-8 5 #99 7 ANOVA » 7% % > 1

» @ B Flo.05,4,140639=2.372 >

2372 pF > RI4EG Hoo 45 #99 chjd J£ &2 2 4673
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SIS Ho A B 4eA M 04 b B s ) g Hj o

F 6.1-8 #99 7 ANOVA 4 # (£

SS;T;:;Z df | Mean Square F Sig.
Between Groups|  23,744.751 4 5,936.188] 7,114.545 0.000
FUEL |Within Groups 117,345.445(140,639 0.834
Total 141,090.196|140,643
Between Groups| 173,586.896 4] 43,396.724| 6,706.672 0.000
CO, |Within Groups 910,029.844(140,639 6.471
Total 1,083,616.740/140,643
Between Groups 2,114.932 4 528.733] 2,724.543 0.000
CO |Within Groups 27,292.827(140,639 0.194
Total 29,407.758]140,643
Between Groups 0.319 4 0.080] 2,537.356 0.000
THC |Within Groups 4.414(140,639 0.000
Total 4.733|140,643
Between Groups 0.029 4 0.007 412.507 0.000
NOx |Within Groups 2.478(140,639 0.000
Total 2.507/140,643

i a=0.05
FHR KR AP 4

3. Tk
d 02 1 ANOVA A {5 % 7 4r > B R (7% 20 3 i Bt
AL I - HERFUFT PR LR SR THEG R
FALL > 2 BERFIALFHLE > L EF o

ﬂ&"lfﬁ*ﬂ—ﬁ%ﬁdikﬂV@Q#ﬁﬂ”*’*Eﬁ%wﬁﬁ
KAz A B g S T iaE LB R PR R LK\F'_.J °

WO U #99 e FUEL F (8 R 5 b o fudiid fwen
Pod " aRREPFRERIFFR > FERFLUZ I HLF
PHy EF2ZALAR TN L DunnettC"v;‘ziifﬁ,
w@@ﬁ%%o@%6y9ﬂ?%m’aj%ﬁ%¥¢$1’
",%"J CLASS24 ¥# CLASS34 g g ) 2 ¢t » H AR & 3 5L 45
AF 2o L THEEHEs REF LR

Bk AR R F AT oL BV FR > B Ry
LABE R FRE S A E L R (s d B
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LiRB R R >Rk g B>y }gz A KT R 2
i‘ﬁ’>'ﬁi‘ﬁ“4a‘é2€u§’ﬁ“ﬂs B lﬁ ﬁf;;@;@wﬁ
B EF - TG ER A - BTG R

la‘*ﬁ%ﬁ?’é‘wiﬁ ¥ WA AT RE o

I 3
E <l

5

# 6.1-9 #99 7 FUEL & ¢ =& 3K

(I) ¢ B %3 (J) g B% 3 Mean Difference (I-J)

classl1 .53395011788"
class] class24 .78319140397i)

class27 .92986009460"
class34 786264882527
class1 -.53395011788""

classl1 class24 .24924128609i)
class27 39590997672
class34 252314764647
classl -.78319140397%)

classdd class11 n24924128609f)
class27 14666869063
class34 0.00307347855
classl -.92986009460"

class)T class11 ﬁ39590997672f>
class24 -.14666869063"
class34 -.14359521208")
class1 -.78626488252)

class3d class1l -.252314764647
class24 -0.00307347855
class27 143595212087

a:m%ﬁﬁ R T BEE LR .
TR LR A3 E

T EHI) 2 F s mBE R E AL 6.1-10 T 0w
BEFFLGE 240 TRAGEFR TG PERE Y
%’3 CLASS24 ¥ CLASS34 # FUEL ~CO, £ CO - 1 %
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F 6.1-10 #9971 2 e PE & FR

R 53
FUEL 1 11 24 27 34
1
11 v
24 v v
27 v v v
34 v v v
CO2 1 11 24 27 34
1
11 v
24 v v
27 v v v
34 v v v
CO 1 11 24 27 34
1
11 v
24 v v
27 v v
34 v v v
THC 1 11 24 27 34
1
11 v
24 v v
27 v v v
34 v v v v
NOx 1 11 24 27 34
1
11 v
24 v v
27 v v v
34 v v v v
VAT AS%EEFLET A BgE A SEE T HFLE
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6.2 EFEIAFTEX

P2

6.2.1 EU/ FTP/?*= &
4 H(HS)

155 B

Ik

@ FTP ~ EU ~ 4 #
HE > Aot 6.2-1 47 o

=1

AR F A FD A R

# 6.2-1 FTP~EU~Z&:M &2 > TS 85 7 9H5ts
FTP
o B Bl E (g/km)
HC CcO NOx | CO, CH, | NMHC
1 0.108 | 1.392 | 0.101 | 323.8 | 0.018 | 0.0921
0.117 | 1.499 | 0.096 | 323.8 | 0.019 | 0.1001
3 0.121 1.762 | 0.096 | 325.2 | 0.020 | 0.1039
EU
o BE Bl E (g/km)
HC CcO NOx | CO, CH, | NMHC
1 0.2628 | 5.6797 | 0.1564 | 323.11 ; ;
2 0.2562 | 5.7251 | 0.1554 | 322.28 ] ]
3 0.2834 | 5.8736 | 0.1546 | 315.49 - ]
A
o B Bl E (g/km)
HC CcO NOx | CO, CHs; | NMHC
1 0.6197 | 7.6206 | 0.2239 | 401.72 | 0.053 | 0.5669
2 0.5290 | 6.2891 | 0.2159 | 404.95 | 0.047 | 0.4816
3 0.5912 | 6.7136 | 0.2117 | 411.08 | 0.051 | 0.5400
i_a
o B Bl E (g/km)
HC Cco NOx | CO», CH, | NMHC
1 0.4103 | 5.9181 | 0.2044 | 381.58 | 0.044 | 0.3659
0.4137 | 5.3506 | 0.2072 | 384.77 | 0.042 | 0.3720
3 0.4186 | 5.5239 | 0.2198 | 377.25 | 0.045 | 0.3732
B
o B Bl E (g/km)
HC CcO NOx | CO», CHs; | NMHC
1 0.6255 | 8.113 | 0.2917 | 393.02 | 0.049 | 0.5762
0.5976 | 7.2206 | 0.2814 | 399.55 | 0.047 | 0.5507
3 0.6201 | 8.1903 | 0.2851 | 391.1 | 0.048 | 0.5718
FTHKR: 2% -
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H ,g]pxgﬂ’*mg?ml&%\»ﬁﬁmj, BlidE2 % > HC-~CO 2%
NOx e o> 2 Pz s flie 'y <~ *0 P w0 2 R3¢ FTP 2 EU «hip) 3¢
SHx > AHX WHC2 COMZ R E~ v 32T fREF A LA

2R Rk s PR AR AFEL 2P RE
W p e ER S B B 6210 7 72 A &5 CO 2 HC
P o Bt B fade s 300 fp hR B T Rl o
80%)2 > Flptda it B iR L BIFER TG A R en{T BRI 2
FAPRE LR o B 622 57 F7E A 300 f ik BB
i“ > @ FTP 2 EU R 78 A fidprt > WP Z 6179 4] i g B %
PR EER T RP A RMERERLEEALAE- B
Th4edi- T# AR 24 FTP 2 EUZARGF2 AT - K@

PR
B 6.2.3 2§ 6.24 5 7 f&{72 4] & % 300§ CO 2 HC hj3

=,

Apocgit o J BT RLORPZAPEHFRLFEARI 00
&%cﬁﬁ”lfﬁgf/‘f,CO& HC#E%;;EE_-%%J:J,JE‘IE%S:A*%;?
/"’\*%m%@’ﬁ"l FTP 2 EU quy l@%ﬁﬁn{é:ﬁgﬂﬁ - ,J_F;,I;ﬁt%pi;

o gekie@ P CO2 HCRE=E A > B3RP = <30 ¢
R EAIA R KRDE oM KE 9 F2fe o T AEFE AL CO
HC #% & & = E“ié o ¥ b Ap gt FTP 2 EU > B P = & 4R
TR A TG A CO R &R %“o‘r%;zﬁﬁrﬁ
™ 300 5 CO - HCiNOxmﬁﬁwé‘ 245~ TR

e ik B B o

oy W T

S

# 6.2-2 FTP~EU~ B B o il i TS0 70 S0 4 4
CO(g) | HC(g) | NOx(g) | 2 #2(m) ‘iﬁzif beig B 5] (%)

FTP 20.171 | 2.391 0.963 | 3784.6 45.4 21.3

EU 18.544 | 2.288 1.183 | 1385.6 16.6 19.3

t 33.366 | 3.362 0.904 | 2173.8 26.1 30.0

W 32.437 | 3.156 0.877 | 2436.4 29.2 27.7

® 22 | 25.837 | 2.521 1.044 | 1994.2 23.9 20.7

TR kR A -
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LRI AEE A B E A2 4P 7R A CO 2 HC

R E P R NE L AT A d B 622 2 F 4
cma’§%£iﬂﬁﬁﬂwgﬁ%“ﬁ%’ﬁﬁaﬁﬁﬁ“@*
P oo ¥ 300 F0F 2R BFEALF L T E0%
MJ’ﬂm;ﬁﬁﬁﬂ@g@¢%ﬁ~;%im$’@ﬁﬁﬂ&
R L BAPRGERTI YLD RN S B SEP =
RE A PR g S S ﬁ##ﬁﬁﬁ&@kmhamﬁﬂ
LI = e

W FTP# % ~EUS & 44 4 ¢ 2 g2t 278 4 &
I AL PR E 0 IR Ar 4 6.2-3 -

G

#* 6.2-3 FTP~EU~ & B2 > i 55 B b e stk

=
F k%% | FTP® % | EU® & £ 40 B i
1 7.47 5.45 5.87 6.22 5.91
2 7.47 5.47 5.85 6.18 6.01
3 7.42 5.67 5.76 6.30 5.98
T 3o B 34.01 18.80 20.48 21.15 19.42

TR kR A -

d 42T F 00 AT o% R b FTP 3 % 78 41§
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3.9 R il 7

%ﬂﬁxﬁﬁﬁﬁﬁ#%éﬁm,/,,\;eggzg,:p;gw*gh\
ANOVA/\#%u&:g: WS = A s H R A i d4e T

(1) F Fitk e a#5 §5%°
CREE RS ARt 2 o
AR R R SR
R

-

h ﬂﬁ/z{’\ /EJFQJ:‘AF’!’J{TE' 1‘]@7\
TEEZ LR TR B L
2

f

¥
2Eb BLE AR UK R

ﬂ‘»\n

(2) ANOVA 2 45 1 #5 2 Ho 5 [ 2 2 gl i J2 8175 2
TioEopsd P H R TEZRPEDSEEFR T
BEE b G - BAE o Ft o A S%ASEFLET > FF
E>SF Tl G0 PI4ES Hoo # A 452 % 40T 4 6.2-4 #F
o BHRERET o DR B LB AR Y ERIER

F 6.2-4 #5ANOVA 7 4 #3EX 2

P % i #5
- 2 RBIFAR
T S (EU~ FTP ~ HWFET ~ # ~ ¢ ~ &)
FUEL 464.439
Co2 505.645
Co 15.115
THC 31.944
NOx 19.499
Fief @ 2215

FTHKRR D ATFE
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(3) F 150 i %

F62-5 #51 FErHFEL R
2 AP #S)
FUEL EU FTP HWEFET A 4 %
EU
FTP v
HWEFET 4 v
A v v
o v v v
% v v v v
CO: EU FTP HWFET A 4 %
EU
FTP v
HWEFET 4 v
AL v v
o v v v
% v v v v
CO EU FTP HWEFET A 4 %
EU
FTP
HWFET v v
A v
o v
% v v
THC EU FTP HWEFET At 4 B
EU
FTP v
HWEFET v v
AL v v
o v v v
% v v v
NOx EU FTP HWEFET At 4 B
EU
FTP v
HWEFET 4
AL v v
v v v
% v v v v
VAT AS% O FRET > A Z AR ROTIHEE FHEFLE -

FTHAKRR D APFE




6.2.2 MOBILE-Taiwan 3FEU/ FTP/2 = 53 57 o2/

1.

2.

R i P

d *>powm g * ¢ 5 MOBILE-Taiwan > 7 5 &% 2 & &
Bl ERGERT Gl L8 AR R B Tt T R
NF BT 2 ﬁjjﬁ IR 8 T2 B A W 5 p * /]

LR PR RN R S S L IR VL EE RS
AP R BHS P LT E
B AL EART - N/V BIA R B % A Bl s
22 %75 e

g
T8

bt 2

porolEE (TR

(1) # EU~FTP 2. % % ¥ MOBILE-Taiwan # NvsV ]2} 4
(¢ 3% B> FUEL & CO, £t *< 3| i £ 17 » = MOBILE-Taiwan
HwHEL AL P Y3 PESGOERFEL -7 R
Fla o Rkt D L RE r»t#”f»* X FlRm @G
Fa il BB o @ R F AP R R 0 F oA T
MOBILE-Taiwan 73] fg o

(2) A ~¢ ~F2FIAETEELERFFIR] > H FUEL
2 CO# %3 fs > "% 1 id B 3 3 50km/hr 10+ pF o> & 2

BBz TR AR AR ey
MOBILE-Taiwan #::7 > £ MOBILE-Taiwan ¥}t H # ;5 4
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AL BE SR TEE2 LR Aok 62-6 977 c Xk o &
AP %D 2 FRFHEGA AT ETHI R L REAR
B & 54 222 kg im0 FTP pl2d 2 220 G W ity 2
% 4.17 %oﬁé)gkfﬁﬁpbb » L3k 4 100kg & £ pF 0 [ OH
# ;;‘ 2 0.328km/l~ -] £ 2 B0 0.72km/l > A A F % E 2%
AR 0.136792 km/l o Ao AR B D dm 2 B S
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HAvb G B F > 8 £ M4 222 kg P o 4 CO % E 5 %
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~ERE AN RPAGTHEOF
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5 6.2-6 R

d Pl 2% #
P g P s I

)

7

O

LA

SEIPT I NS R LA
2RPIRARR - BEERA0L 6.2-7 T £ 6.2-10 77

4 3% e

?ﬁiﬁm%%%<ﬁmﬁ4m,
-+ ’#JL f—? EU %2 FTP }z‘< /?JF‘]J:Q,/?JHJ:Q];{ ,l‘%

RIEFEPFRE

* 62-6 BEEFEF >
FUEL CO, CO HC NOx
¥ km/1 g/km g/km g/km g/km
#0 ! 9.03 310.6 0.756 0.107 0.038
#5 2 8.74 324.27 1.551 0.1153 0.0977
v o -0.29 13.67 0.80 0.01 0.06
2 (#5-40) ) (G +0) G 40) (3 40) (G +0)
R3 ™3 0.9683 1.0440 2.0516 1.0779 2.5702
(#5/40) w0 4.17% B 4e 4409 | B4 105.169% | 3i4e 7.799% | 4 157.02%
P 5 AN -0.136792
(km/1)/+100kg (M5 #d3)
_ - Fr 350328
v e g
o & B D-0.72 NA NA NA NA
km/1)/+100k o fo o
el g (Bit i E)
1 ;s’*“}ii/);a"l; 2004/05/20_ﬁ"']$5§; Jpé;: FL s R - 1928 kg - 1743 kg ~ % &
49 kg 1 2 FTP |32 2 A £ 136 kg »
W2 WA FLD250kg ¢ S REF S HABBAR o
3B E A 222kg P2 R3 o
A 1R R AT(2002~2004) 0 Mg ¢ B dmi RS R AR AT E e
T KR AE o
6.2.4 EZFBTEE N FAF PE(R6)
1.5 F # 3cf |
?ﬁ?%ﬁ&ﬂﬁ%’%ﬁ%(mwmoﬁ%&ﬁﬁﬁ
= & ’f”%“?;é%ﬁﬂai
TN RIERER Y B

1

P

» Bl 6.2.5
# A T 2 CO~ HC & NOx £ <R o

LR R
» NOx R &
 4e Bl 6.2.50 B¢
CO it )k wes &

2_f¢ » EU B3 CO 2 HC
B ER A Bl

IR T s R 2
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F 6.2-7 EU == H|FITEHTEBZAF] £ HFEE
AL R R %
BlFIE P ek S A
BlzEE (km/l) % £ R B
1 4.66 8.24 6.44
2 4.71 7.84 6.3
3 4.66 7.92 6.29
TR KR AFF
F 6.2-8 EU == Bl 370 eB 5T i HFE
B3RP EU
BFE (g/km) HC CO NOx CO, -
£F 1 0.4425 8.1788 0.1587 356.52 -
B 2 0.3354 8.9523 0.1695 363.98 -
3 0.3816 9.0098 0.1476 364.14 -
FH AR A3 F o
* 6.2-9 FTP == B ITHEBBSAF) gif HF'E
Bl2RIE P @5 A BEESE
B3 & (g/km) HC CcO NOx CO, CH; | NMHC
P 1 0.0439 | 0.8285 0.0603 245.63 - -
- 2 0.0547 | 1.7930 0.0702 249.67 - -
3 0.0503 | 1.3870 0.0841 246.63 - -
BIEIE P B O% A RIS E
B3 E (g/km) HC CO NOx CO, CH; | NMHC
P 1 0.13 1.551 0.128 368.7 | 0.021 | 0.1125
- 2 0.141 1.919 0.106 374.6 | 0.022 | 0.1218
3 0.171 1.908 0.100 365.7 | 0.024 | 0.1503
TR KRR AFF e
F 6.2-10 FTP == FF ITHEBETA-F) = HFE
AL R R %
B3R P e A
BlEE (km/l) W 3 T I 15
1 6.56 9.87 7.73
2 6.45 9.66 7.58
3 6.60 9.80 7.74
FH AR A7 F
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2.4 4L FF

P SRS G o de B R R B2 15 i SRR

ik b Foron 0 B iﬁaﬁ’é Z i T EU 2 FTP 2 3R » %8 S
M A Rk e87.70%~90.54% > B F B2 2EH F PR K TR ML &
71 A

PR EBEAINN R AR 93 EAEE Y B R T
I S AL BT N St -2 ?\Pi%%ﬁm’@%ﬂ%%’ﬁ%ﬁg
BBER2CT g% 23 ko B EARMLIEEER 25C
FoiRr T AT 85.75% o

% 6.2-11 EU SEFTP h it L s 5

FTP 2% &3 (%) EU % & (%)
B3R E T 29 F T2 L W F T2
1 87.82 88.92 88.24 85.50 93.64 89.82
2 86.35 87.18 86.63 86.11 89.09 87.62
3 88.95 88.29 88.76 82.19 88.89 85.81
= 87.70 88.13 87.88 84.60 90.54 87.75

i)
=
<
7| fmr
5

R

3HT 22 % R B T

a)k?ﬁ%*:éﬁ73%ﬂ’héﬁ%wﬂémmﬁﬂﬁi
Fodfpi e SRR HEFLALAR 772 08
Bt ot - SFFRNLEPIFREHEAPFTEFRE T
o7 B o
(2) ANOVA A 45 @ #7 2 Bk ¢ 2 #5 4k » Ho 5 T %72 2038
W LB AR ToEspE o Hy R R TR RBIR
g AEEE R THET S5 - BAE o FP o A 5%
SR FORET S FFE>F iRk &pF > 4ES Hyo 2 4 49
AR AT & 6.2-12 47w 0 R Bk Eor 0 0 NOx 2 7o
HAdFREB L% ¢ XFZERPIRFLEZEEH 47
)
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F 6.2-12  #7 ANOVA 7 4 A5 2

F 5% B #7

. PR AL R
T % (EU ~ FTP ~ HWFET)

FUEL 626.004

CO2 657.890

CO 64.037

THC 43.797

NOx 2.845
Fieh @ 2.996

P d ERETRLH
(ST B S S

= 1

() TS L T A 6.2-13 S H#HT hE SV REE R
¢ &7 ¥ H ;R EU~FTP &2 HWFET = fii Rl > %
Tt NOX enT 3o a g 2 ¢ b sy 3 P A
FIE Rt thod HA S 2Rt iofc il BV FR(%
% %4 4% 2.4)  HWFET % FUEL ¥ CO2 # 3% ehT 1908 & F o
m EU B £ & CO~THC 2 NOX sh % T 1o @ & 5 8 »
FERBEZRPEDFLET M o

*6.2-13 #7171 F IR

i S (#T)

FUEL EU FTP HWFET
EU
FTP v
HWFET v v
CO: EU FTP HWFET
EU
FTP v
HWFET v v
CO EU FTP HWFET
EU
FTP v
HWFET v v
THC EU FTP HWFET
EU
FTP v
HWFET v v

NOx EU FTP HWFET

EU

FTP

HWFET

EIVEA ASU%PHEKET Ak RPRPTIOEL T HELE -
T KR A% o
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4. FERBEEREE2 TioEd R gL R (R6)
FPFEWRTAREE B3 %ﬁ*ﬂﬁ*%\M%’UT
BELHHSHT B R R T 0 AR R Bl T TG T
(1) #5/#7—% 2 ¥tk T (F ¥ %)
. TP HFAFAFFE - RIAHFTEREF 2
REREELT G TRE

v 6-6
F1=F(0.025,n1-1,n2-1)
F2=F(0.975,n1-1,n2-1)

% FI>F E>F2 &% Hp -
Hoo o,

S ER#SHURINEE S ELHTAVREINESE o =#SVAEA R0 n, =HT VBB

ORISR A

LT ORHS B HT 2 AR A B A S A (7 AR)
2. F i f 4™ % 6.2-14 #757 ,gmfﬁuy 7 FTP
4L
5

5"1 & ‘*P BB R E R

L =7 4 *"
d ¥ Ao BT o
H

A
: F
AL F AP HRERAGTHFLALE  H Y 0

7
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HT g R R R~ o

F 6.2-14 #5/#7 7 F &

#5/#7(R6-V)

EU FTP HWFET
FUEL 0.878 0.641 0.866
CO2 0.880 0.639 0.885
co 0.537 0.731 0.285
THC 0.449 0.656 0.275
NOx 1.091 0.996 0.894
F, 1.068 1.046 1.085
F, 0.936 0.956 0.921

g d eEAEAT o & XHo
FHRKR: 23 F
(2) #5/#7—T ¥a it # T(Z ¥ <)

D. TP FHFEARFE - BRIAHFTEREE2
ToE A E G R

@' Bk a=0.05

H - 7‘5 AFBREE BIAZMHE~FLFTHE - T
EHFLE -
Hi:ij - &BFE BIRLad  54p I8
THELR
3. i &% B
7 = Afx”
SL_*_SL
n, n,
> 6-7
Zo.975:-1,96
Zo.025:1.96

£-1.96<Z ©<1.96 » A4 H, o
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S ELHSHURIYESE 5 § ERHTVRES o HSVER > n, HT VBB

@. & LHF & o7
YU ORHS BT 2 R R A G A (5 A
2.7 T A 6245vwﬁ - #¢ » CO~THC
¥ NOx B 42 4% Hy» » FUEL & CO, % #£% H, -
Pl SRR 0y AREE R I T
FUEL & CO,2 T30@E $ ¥ 2 % 2 1 £ B x
FTP & 2 8% > Rm > P LB AT 25 REM Al

e

FRie- Hhnlst o FRH ] ARTE FINL
EF’FUEL-E’—?COzg’f’J‘%;j? ]%&,El]%kfn?,ﬁﬁygg?—b&‘
Al

BrzazZ $REE HEISAFRGFE-Fza2 2R

—~ =

ER R

F 6.2-15 #5/#7 71 7 '&

#5/#7(R6-V)

EU FTP HWFET

FUEL -5.85 -10.65 -8.99
CO2 -10.49 -19.82 -15.59
Co -1.93 1.83 -1.64
THC -0.38 0.48 0.11
NOx 0.08 -0.14 0.11

L34 eARER 0 RLH,
FA kR A g

b

M

6.3 TEE TEHETS

o, ~

EE

6.3.1 ZEEEE AT (#8)

ST RFRIIRERPFETRIPFESTLE S AS A
FEFRPIFETHY ¢ 35 Class 1 ~ Classl] ~ Class24 ~ Class27 %
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Class34 P $35 - X g 15 4482 B B & B3 B K 4% 2
HRIT KT FHRE iféﬁlﬁgéwﬂ’—lir'lk’*’fg’\?’uﬁﬁ)ﬁ@i:fh;
ER RREE ERAEFRERRFROERRNE0 F R DY
)gég.u,ﬂ,mag;ﬂmiy R bt""”‘??‘a‘#p]la’vfz‘e;});?x%

BER R P enrE A B B REP AT
1.75 4 g

drd 6.3-1 1 4 6.3-5 477 0 LFFEG T I L RE
FUHERATPEDFTL AT EHTREEE > H Y NOx £

A BB AR RS L in% ol A '“4,3 B > g;.um 3
By s ™ o B F £ AHRAERE ¢ TH > B L o NOx ijf 58 »
Aot d g T ,&w@% PORTREE B (vE o ®F G
AR REHEE AR FREOFRE - o 17 NOx 3
AR b o £ 063-6 B R R AT R E W GAMEV BRI
R o
F 6.3-1 Class | BB EHIAFLES
Class1 .
o ass HC co NOx CO» |4 o
A,‘;; %y (g/km) (g/km) (g/km) (g/km) (km/1)
FiE R | 0.0956 7.7016 0.0516 254.16 8.96
A Bz 1| 0.0440 1.7906 0.0568 245.92 9.80
Bz 2| 0.0414 1.9949 0.0405 247.20 9.73
B %% 3| 0.0348 1.7130 0.0441 248.56 9.70
FmiE i | 02536 | 15.6715 | 0.1266 274 .88 7.96
B 2% 1| 0.0419 2.9624 0.0562 256.52 9.33
@2z 2| 0.0414 3.4110 0.0679 260.16 9.18
%% 3| 0.0455 3.3723 0.0689 256.71 9.30
EIRIBRASETHEBY I X 45450
FHRKR A F o
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F 6.3-2 Class 11 EEE S EEHEAES
Class11
o . HC CcO NOx CO2 ok A
g = (g/km) (g/km) (g/km) (g/km) (km/1)
OB 0.0230 0.4865 0.1246 249.01 9.56
A & E 0.0411 0.3337 0.1248 206.99 11.74
-l ) 0.0426 0.3835 0.0900 206.11 11.79
FH&E 3 0.0445 0.3570 0.1053 203.75 11.93
BB 0.0578 2.9718 0.0433 259.93 9.02
B | 0.0408 0.3892 0.0436 206.68 11.75
i ) 0.0475 0.4070 0.0556 204.35 11.89
FHRE 3 0.0479 0.4297 0.0654 205.51 11.82
TR KR AFE
F 6.3-3 Class 24 =EE S Y ES
Class24
] HC CO NOx CO2 B 5 A
ey A (g/km) (g/km) (g/km) (g/km) (km/1)
B R 0.0428 1.1076 0.1812 359.94 6.61
A FHE 0.0347 0.3451 0.0869 271.46 8.96
kR 2 0.0374 0.7367 0.1230 272.61 8.90
Tk E3 0.0395 0.3421 0.1037 270.44 8.99
qOE B 0.0843 3.9532 0.2022 388.20 6.06
B T E 1 0.0414 0.3410 0.1508 287.17 8.47
-l ) 0.0404 0.2181 0.1619 284.20 8.56
FHE3 0.0474 0.3320 0.1750 289.78 8.39
FH kR A7
* 6.3-4 Class 27 BB SIS ES
Class27
W L HC Co NOx CO2  |% i
g = (g/km) (g/km) (g/km) (g/km) (km/l)
PR B 0.0579 1.2615 0.2238 621.79 3.83
A & E 0.0354 0.3832 0.0817 372.43 6.53
-l ) 0.0354 0.3964 0.0645 372.40 6.53
FHRE 3 0.0435 0.4039 0.1022 372.03 6.54
FEY R 0.0519 1.8990 0.3872 559.80 4.24
B | 0.0604 0.4416 0.1354 397.22 6.12
TR F 2 0.0528 0.4204 0.1154 394.39 6.17
FHRE 3 0.0570 0.4469 0.1549 398.67 6.10
TR KR AFE
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F 6.3-5 Class 34 BB S $HSFES
Class34
TR HC co NOx CO» |4t it
#; B w) (g/km) (g/km) (g/km) (g/km) (km/1)
FvE e | 0.0401 0.1663 0.1429 395.05 6.05
@3 1| 00373 0.4051 0.0670 280.01 8.68
A
@3 2| 0.0372 0.3369 0.0955 272.68 8.92
@3 3| 0.0406 0.3785 0.0850 272.23 8.93
A vE s | 0.0827 5.3825 0.1029 396.04 5.90
g | F&E 1] 00365 0.6474 0.1234 282.52 8.60
F%% 2| 00308 0.4334 0.1264 282.61 8.60
%% 3| 00331 0.3990 0.1129 284.13 8.56
TR KR A o
F 6.3-6 BIZEE S EHHE AR (EREERM)
&I TEET ]
Wb A A %gggéB Bii
(km/1) (km/1) (%)
Class ] A 9.74 8.96 91.99
B 9.27 7.96 85.87
A 11.82 9.02 76.31
Classl1
ass B 11.82 9.56 80.88
A 8.95 6.61 73.85
Class24
ass B 847 6.06 71.55
A
Class2] 6.53 3.83 58.65
B 6.13 4.24 69.17
A 8.84 6.05 68.44
Class34
B 8.59 5.90 68.68
FH kR~ 4
S F N E T RS L TR
WORE 2 FhTa fR AR a3 AT BER o d N R
B P g o lﬁ JEREVER A M g*ﬁiﬁ.ﬁi%f“ » 4Bl 6.3.1 % B 6.3.2
classl @ FRAFAFRAZEFRDOEFEFSL 3 FRMAY & -

BL B R o classl i BR

LS

B d 40~50 =

/"
_‘tli

14

éb 12 P&l‘,ﬁiﬁx , r’g
iﬁiﬂ feyd pF o> /5 2 £

) 54 B

B

A A 200 2

BB IER B ARG CO 2 HC gt 3 4o o
TR DM % o @ TR EE TR E CO
FARREESE  EAS Fl’l*ﬂl"" °
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E6.3.1 HEFEEZ class 1-201 T FEEEE
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KR AFF
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2.0 45 L

G 7

Sk oood B gt "‘-’%iﬁﬁ%i F.ﬁ Lﬁﬁéﬁ’&ﬁ& _

Flz o VB EPREES omd & AT o classll 2 classl &

iE'J?ci‘ Fraq %imiaﬁl“él‘“
PY MR R RS fEE R X 10

BFD AT &aaﬁiﬁwmwwwf ﬁgﬁwmw@

At i Bl XY 4 F B o 4oB 6.3.3 977 0 & B enT

o RARE > S E R D BB h i % AR 4T o
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HORIBA developed the OBS-2000 Series on-board emission measurement systam in responsas to new

for exchaust emiasions measuremeant from vehicles being driven on public roads.

This development has been made possible by reducing the dimensions and power consumption of laboratory grade analyzers
and ensuring that the system components have excellent vibration resistance.

The OBS-2000 Saries continuously measures not only the concentration of GO, COe, THC and Moo,

but also measures exhaust flow rate and A/F ratio to calculate mass emission and fuel economy.

In addition, the OBS-2000 Series providea the user with additional information by aleo recording

with the real-time emissions data parameters such as global position, OBD information and dmrlﬂg conditions.
The OBS-2000 Saries ia now availabla in a compact system with reduced dimensions,

low power consumption and excellant vibration resistance. As theword market leader in emissions manaumm*ﬁ.
HORIBA is proud to announce this groundbresking advance that heralds the transition from the labaratory to the n
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a1t temperature and ity sensor
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Thie DBS-2030 is a compact unit in a sngks erclosur,
ar%emaller than HORIBA's provicus system, anabling it
1o fitina small space.
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WSpecifications of 0B5-2000 Series
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Product Specification of OBS-2000 Series

1. OBS-2000 Series

The OBS-2000 series is an on-board emission measurement system that analyzes vehicle emission in a
real-world. It consists of vibration-proof gas analyzers, a laptop PC with software for system controlling
and data logging, accessory sensors, and a tail-pipe attachment with a Pitot tube. CO and CO,
concentration in vehicle emissions can be measured by a NDIR analyzer without water extraction, THC
concentration can be measured by a FID analyzer, and NOx concentration can be measured by a CLD
analyzer. GPS data and other external signals can be saved into the PC by the data logging software, as
well as the outputs of the gas analyzers and the accessory sensors. In the software, time-trend profiles
and integrated values can also be obtained for both mass emission and fuel consumption.

<Analyzers and accessory sensors>
>> Analyzers and flow meter

NDIR for CO and CO2 measurement

FID for THC measurement

CLD for NOx measurement

Pitot flow meter for exhaust flow rate measurement

>> Accessory sensors

Exhaust temperature sensor; Exhaust pressure sensor; Ambient temperature and humidity
sensor; Atmospheric pressure sensor; GPS receiver; Battery voltage monitor

<Control PC and software>
>> The software controls the test sequences and the status of the analyzers.
>> The following data that are input to the control PC can be displayed and saved:

CO, CO,, THC and NOx concentration; Exhaust flow rate; Exhaust temperature; Exhaust
pressure; Ambient temperature; Atmospheric pressure; Ambient humidity; GPS signals and
vehicle velocity; External input data (optional); OBD data (optional).

>> The following data can be calculated by the software from input data:

Time-trend profile and integrated value of mass emission; Time-trend profile and integrated
value of fuel consumption and fuel economy; Running distance; Air to fuel ratio; Power and
work.

<Installation on a vehicle>

>> The ftail-pipe attachment with the Pitot tube must be connected to the tail pipe of a test vehicle. A
sampling probe for gas analyzers and the exhaust temperature sensor will be connected to the
attachment.

>> |ts own battery unit can supply power for the entire system.

<Option>
>> OBD interface unit

OBD data from the ECU can be logged via CAN interface with J1939 or J1708/J1587 protocol
(max. 16 items).

>> External input unit (EIU)
Data in the following format can be input to the control PC (max. 16 channels).

Analog voltage (0-1V/0-5V/0-10 V/ £10 V); Analog current (0-20 mA / 4-20 mA);
Thermocouple (J / K); Platinum resistance thermometer (Pt100); Frequency counter (0.1 Hz
to100 kHz)
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>> Power conditioning unit (PCU)
A portion of the system power (12 V DC or 24 V DC, max. 10 A) can be supplied from a vehicle

battery by this unit.
>> Power supply unit (PSU)

AC source of 100 V to 240 V can be converted into 12 V DC or 24 V DC by this unit, for

laboratory use of the system.

>> Map data analysis software

Emission data obtained by the system can be plotted on a map.

Table 1 OBS-2000 series
Model
0OBS-2100 OBS-2200
Measuring CcO NDIR (dry) HNDIR (wet)
components/ ¢, NDIR (dry) HNDIR (wet)
Input signals THC FID (dry) HFID (wet)
NOx CLD (dry) HCLD (wet)
Exhaust flow Pitot flow meter Pitot flow meter
Standard input *1 From accessory sensors From accessory sensors
External input *2 Max. 16 channels (optional) Max. 16 channels (optional)
OBD data "3 Max. 16 items (optional) Max. 16 items (optional)
System Power supply 10to 15V DC 20to 30V DC
specification Power consumption | Approx. 0.2 kW Approx. 0.5 kW
(at stable state)
Dimension Approx. 350 (W) x 330 (H) x | Approx. 350 (W) x 330 (H) x
500 (D) mm 500 (D) mm
Mass "4 Approx. 29 kg Approx. 29 kg
Recommended Deep cycle battery, Deep cycle battery,
battery 12V DC, 65 Ah (5 h rate), 24V DC, 100 Ah (5 h rate),
approx. 23 kg approx. 64 kg
Application Diesel vehicles \ \
Gasoline, LPG and \ \
CNG vehicles
CFR 1065 subpart J - \
Conformity *5
*1: Items for standard Input: Exhaust temperature; Exhaust pressure; Ambient temperature;

Atmospheric pressure; Ambient humidity; GPS signals (longitude, latitude, altitude and velocity)

*2:  External input: Analog voltage (0-1V/0-5V /0-10 V / £10 V); Analog current (0-20 mA / 4-20 mA);
Thermocouple (J / K); Platinum resistance thermometer (Pt100); and Frequency counter (0.1 Hz

t0100 kHz)

*3:  OBD data: Vehicle data conformed to J1939 or J1708/J1587 via CAN interface.
*4:  Mass of the OBS-2000 main unit, without PC, attachment, battery, and all optional units.
*5: Amended July, 2005
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2. Outline

2.1 System configuration

Controller-PC :I( ............. OBD — g_asflow
signal
’ 4 < power
LAN
............. LAN
a4 N
v
Eny
>
(option)
Emission x
|| ~ Ext Input
Antenna
H 12v PSU 100-240V
P r——" :
Amb. temp. and - * GPS {  OBS-2100 ] (option) [
humldlty —arrraran) > 10-15V
< Batter
L Exh. temp. battery
s = 2y | ~
=EXh press.g Atm press.g I ‘
Pitot press.é PCY
............................. - (0pt|0n)
— Analyzer (CO, CO,, THC, NOx) t
Tail-pipe attachment
Vehicle battery
(12/24V, 10A) y

Figure 1 System configuration (OBS-2100)
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Controller-PC ]( ............. OBD P gas flow
— signal
A A < nower
LAN
LAN
Massmsmsmsssmsnsnnnns
~ N
v
EIU
=
(option)
Emission )
R Y,
! ! ~ Ext. Input
Antenna
N 24v PSU  |100-240v
Amb. temp. and | GPS i 0BS-2200 (option)
humidity s> 2030V o
| Exh. temp. A
. . 2 24V l N
Exh. press.; Atm. press.; D | ¥
A Pitot press.: By
............................. - (0pt|0n)
. Analyzer (CO, CO,, THC, NOx)
Tail-pipe attachment 1—
Vehicle battery
(12/24V, 10A) y
Figure 2 System configuration (OBS-2200)
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Model OBS-2100 / OBS-2200 (refer to Table 1)
Application - Vehicle emission measurement in a real-world
- NTE test
Test vehicle and - Diesel (HDD, LDD), gasoline, LPG and CNG vehicles
engine

System configuration |- Standard unit

- OBS-2000 main unit (with analyzers and accessory sensors)
- Control PC (with data logging and analysis software)

- Tail-pipe attachment (with Pitot tube)

- Optional unit and software
- Battery
- OBD interface unit
- Map data analysis software
- External input unit (EIU)
- Power control unit (PCU)
- Power supply unit (PSU)

Measuring or input - Gas analyzers and flow meter:

items - NDIR (CO, CO2 measurement)

- FID (THC measurement)

- CLD (NOx measurement)

- Pitot flow meter (exhaust flow rate measurement)

- Standard input:
- Exhaust temperature
- Exhaust pressure
- Atmospheric temperature
- Atmospheric pressure
- Atmospheric humidity
- GPS signal (longitude, latitude, altitude and velocity)
- Battery voltage
- Optional input
- OBD data (max.16 channels)
- External input (max.16 channels)

Gas analyzers Refer to section 3.1 to 3.4
Accessory sensors Refer to section 3.6 and 3.7
Control PC Refer to section 4.1 to 4.4
Battery - For OBS-2100
- Type: sealed lead, deep cycle battery of 12 V
- Capacity: 65 Ah (5 hour rate), 42 Ah (1 hour rate)
- Mass: approx. 23 kg
- Operation time: approx. 4 h (depending on battery condition)
- For OBS-2200
- Type: sealed lead, deep cycle battery of 24 V
(2 units of 12 V battery are serially connected)
- Capacity: 100 Ah (5 hour rate), 65 Ah (1 hour rate)
- Mass: approx. 64kg (32 kg x 2 sets)
- Operation time: approx. 4 h (depending on battery condition)
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Tail-pipe attachment | For connecting sensors to test vehicle; connection ports are as follows:
- Gas sampling port (x1):
to be connected with CO, CO2, THC and NOx analyzers
for OBS-2100: connected by PTFE tube
for OBS-2200: connected by 191°C heated line

- Temperature monitor ports (x1):
for exhaust temperature sensor, which will be connected with an
amplifier in main unit by cable

- Pressure monitoring ports (x2):
for differential pressure sensor using Pitot tube, which will be connected
with main unit by gas piping

Pitot tube Refer to section 3.5
OBD interface unit Support protocol
(optional) - J1939
- J1708/J1587
External input unit Refer to section 3.8
(EIU, optional)
Power control unit Subsidiary power from vehicle battery can be controlled:
(PCU, optional) - Input from vehicle battery
Input voltage: 10V to15V /20 V to 30 V DC (Switchable)
Maximum current: 10 A
Safety: turn off the input from vehicle battery when the voltage of

vehicle battery is lower than setting voltage
(default setting 13V /26 V DC)

- Input from OBS battery
Input voltage: 10 V to15 V DC (PCU for OBS-2100)
20 V to 30 V DC (PCU for OBS-2200)
Maximum current: 30 A
Safety: turn off the input from OBS battery when the voltage of
OBS battery is lower than setting voltage
(default setting 9.5V /19 V DC)

- Input from PSU
Input voltage: 10V to15 V DC (PCU for OBS-2100)
20 V to 30 V DC (PCU for OBS-2200)
Maximum current: 30 A
Function:  when the PSU supply power to PCU, the input from
OBS battery and vehicle battery is turned off

- Output to OBS
Output voltage:
Approx.12 V DC (depending on battery voltage; for OBS-2100)
Approx.24 V DC (depending on battery voltage; for OBS-2200)
Output connector: for OBS-2X00 (x1), for controller-PC (x1)
Maximum current: total 30 A

Power supply unit AC-DC conversion for laboratory test.

(PSU, optional) - for OBS-2100:

Input: 100 V to 240 V AC, approx 0.5 kW
Output: 12V DC, max. 0.3 kW

- for OBS-2200:
Input: 100 V to 240 V AC, approx 1.5 kW

OBS-2000 Series Product Specification (March 2, 2006) 6/19
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Output: 24V DC, max. 1.0 kW
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2.2 Environment for use and dimensions
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Environment for use

- Temperature: 0°C to 40°C

- Humidity: Under 80 % as relative humidity
- Altitude: 0 m to 1500 m above sea level
Approved standards |CE, FCC
Utility gases - Ho/He: for FID fuel gas, 40%H.

100 kPa % 10 kPa, approx. 0.15 L/min for operation

- Purified air:  for zero gas and FID burner air, 100 kPa £ 10 kPa,
approx. 0.15 L/min for operation,
approx. 3.0 L/min for zero calibration

- CO+CO,+C3Hg+NO/N,:

for span gas, 100 kPa * 10 kPa,
approx. 3.0 L/min for span calibration

Sample gases

- Sample flow rate: approx. 3.0 L/min
- Sample pressure:-5 kPa to +5 kPa

Dimensions - Main unit: approx. 350 (W) x 330 (H) x 500 (D) mm
- Control PC: approx. 270 (W) x 35 (H) x 210(D) mm
- EIU (optional):  approx. 350 (W) x 150 (H) x 240(D) mm
- PCU (optional): approx. 350 (W) x 150 (H) x 240(D) mm
- PSU (optional): approx. 350 (W) x 120 (H) x 300 (D) mm
Mass - Main unit: approx. 29 kg
- Control PC: approx. 2 kg
- EIU (optional):  approx. 4 kg
- PCU (optional): approx. 6 kg

- PSU (optional):

approx. 5.5kg (for OBS-2100), approx. 7 kg (for OBS-2200)
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3. Analyzers and accessory sensors

3.1 CO analyzer

Principle Non-dispersive infrared (NDIR) method
Measuring component |CO: 0-0.5to 0-10 vol%
and range
Linearity *1 Both of the followings:
(a) Within £1.0 % of full scale
(b) Intercept: |ag| < 0.5% of full scale

Slope: 0.99<a; <1.01

Standard estimated error: SEE < 1.0% of full scale

Coefficient of determination: r* = 0.998
Accuracy *1 within £2.5 % of full scale
Noise *1 Zero, Span: less than 0.4 % of full scale
Repeatability *1 Zero: within £1.0 % of full scale

Span:  within £1.0 % of readings
Zero drift / span drift | Zero: within £2.0 % of full scale per 4 hours Fluctuation of ambient
Span:  within £2.0 % of readings per 4 hours temperature: within £2 °C
Warm-up time Within 1 hours Time to satisfy the drift
specification
Rise time of OBS-2100: within 2.5 s as T90 From ZERO/SPAN inlet,
calibration line(T90) OBS-2200: within 2.0 s as T90 at flow rate of 3.0 L/min
(Tgo: from 10% response to 90% response)
Delay time and rise OBS-2100: within 5.0 s as Td; within 3.5 s as T90 From inlet of sample
time of sample line OBS-2200: within 5.0 s as Td; within 3.0 s as T90 probe (5 m), at flow rate
(Td, T90) (Td: time interval until 10% response) of 3.0 L/min
(T90: from 10% response to 90% response)

COs interference Within £3.0 % of readings or £0.015 vol% With CO2 15 vol%
CsHg interference Within £1.0 % of readings or £0.005 vol% With C3Hs 10000 ppmC
H,O interference Within £3.0 % of readings or £0.015 vol% With H20 15 vol%
Influence from Zero: within £5.0% of full scale per 10 °C Ambient temperature:
temperature Span:  within £5.0% of readings per 10 °C 0°Cto40°C
Influence from Zero: within £3.0 % of full scale At2 G, 67 Hz
vibration
Sample pressure Span:  within £2.0 % of readings Pressure range: -5 kPa to
influence 5 kPa
Exhaust pressure Span:  within £1.0 % of readings Pressure range: 0 Pa
influence 100 Pa
Range correlation Zero, Span: within £1.0 % of full scale of upper range

*1:  Definition and test procedure for linearity (b), accuracy, noise and repeatability are conformed to
CFR 1065.602.

*2:  The span gas whose concentration is between 90 % and 100 % of the full scale of the lowest range
shall be used.

*3:  Only performance that is defined here is guaranteed.
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3.2 CO2 Analyzer

Principle Non-dispersive infrared (NDIR) method
Measuring component |CO2: 0-5 to 0-20 vol%
and range
Linearity *1 Either of the followings:
(a) Within £1.0 % of full scale
(b) Intercept: |ao| < 0.5% of full scale
Slope: 0.99<a;<1.01
Standard estimated error: SEE < 1.0% of full scale
Coefficient of determination: r* = 0.998
Accuracy *1 within £2.5 % of full scale
Noise *1 Zero, Span: less than 0.4 % of full scale
Repeatability *1 Zero: within £1.0 % of full scale
Span:  within £1.0 % of readings
Zero drift / span drift | Zero: within £2.0 % of full scale per 4 hours Fluctuation of ambient
Span:  within £2.0 % of readings per 4 hours temperature: within £2 °C
Warm-up time Within 1 hours Time to satisfy the drift
specification
Rise time of OBS-2100: within 2.5 s as T9o From ZERO/SPAN inlet,
calibration line(T90) OBS-2200: within 2.0 s as T90 at flow rate of 3.0 L/min
(Tgo: from 10% response to 90% response)
Delay time and rise OBS-2100: within 5.0 s as Td; within 3.5 s as Te0o From inlet of sample
time of sample line OBS-2200: within 5.0 s as Td; within 3.0 s as Teo probe (5 m), at flow rate
(Td, T90) (Td: time interval until 10% response) of 3.0 L/min
(T90: from 10% response to 90% response)
CO interference Within £1.0 % of readings or £0.05 vol% With CO 12 vol%
CsHg interference Within £1.0 % of readings or £0.05 vol% With C3Hs 10000 ppmC
H,O interference Within £2.0 % of readings or £0.10 vol% With H20 15 vol%
Influence from Zero: within £2.0% of full scale per 10 °C Ambient temperature:
temperature Span:  within £2.0% of readings per 10 °C 0°Cto40°C
Influence from Zero: within £3.0 % of full scale At2 G, 67 Hz
vibration
Sample pressure Span:  within £2.0 % of readings Pressure range: -5 kPa to
influence 5 kPa
Exhaust pressure Span:  within £1.0 % of readings Pressure range: 0 Pa
influence 100 Pa
Range correlation Zero, Span: within £1.0 % of full scale of upper range

*1:  Definition and test procedure for linearity (b), accuracy, noise and repeatability are conformed to
CFR 1065.602.

*2:  The span gas whose concentration is between 90 % and 100 % of the full scale of the lowest range
shall be used.

*3:  Only performance that is defined here is guaranteed.
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3.3 THC Analyzer

Principle Flame ionization detection (FID) method
Measuring component | THC: 0-100 to 0-10000 ppmC

and range

Linearity *1 Either of the followings:

(@) Within £1.0 % of full scale

(b) Intercept: |ao| < 0.5% of full scale
Slope: 0.99<a;<1.01
Standard estimated error: SEE < 1.0% of full scale,
Coefficient of determination: r* = 0.998

Accuracy *1 within £2.5 % of full scale
Noise *1 Zero, Span: less than 0.4 % of full scale
Repeatability *1 Zero: within 1.0 % of full scale
Span:  within £1.0 % of readings
Zero drift / span drift | Zero: within £2.0 % of full scale per 4 hours Fluctuation of ambient
Span:  within £2.0 % of readings per 4 hours temperature: within £2 °C
Warm-up time Within 1 hours Time to satisfy the drift
specification
Rise time of OBS-2100: within 2.5 s as T9o From ZERO/SPAN inlet,
calibration line(T90) OBS-2200: within 2.0 s as T9o at flow rate of 3.0 L/min
(Tgo: from 10% response to 90% response)
Delay time and rise OBS-2100: within 5.0 s as Td; within 3.5 s as T90 From inlet of sample
time of sample line OBS-2200: within 5.0 s as Td; within 3.0 s as T90 probe (5 m), at flow rate
(Td, To0) (Td: time interval until 10% response) of 3.0 L/min
(T9o: from 10% response to 90% response)
O, interference Within £1.5 % of readings With O2 0 to 21 vol%
Relative response CHy,: within 0% to +15% of readings

CsHs: within £10 % of readings
C/Hs: within £10 % of readings

Influence from Zero: within £5.0% of full scale per 10 °C Ambient temperature:
temperature Span:  within £5.0% of readings per 10 °C 0°Cto40°C

Influence from Zero: within £3.0 % of full scale At2 G, 67 Hz

vibration

Sample pressure Span:  within £2.0 % of readings Pressure range: -5 kPa to
influence 5 kPa

Exhaust pressure Span:  within £1.0 % of readings Pressure range: 0 Pa
influence 100 Pa

Range correlation Zero, Span: within £1.0 % of full scale of upper range

*1:  Definition and test procedure for linearity (b), accuracy, noise and repeatability are conformed to
CFR 1065.602.

*2:  The span gas whose concentration is between 90 % and 100 % of the full scale of the lowest range
shall be used.

*3:  Only performance that is defined here is guaranteed.
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3.4 Specification of NOx Analyzer
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Principle

Chemi-luminescence detection (CLD) method

Measuring component
and range

NO, NOx:  0-100 to 0-3000 ppm

Linearity *1

Either of the followings:
(a) Within £1.0 % of full scale
(b) Intercept: |ao| < 0.5% of full scale
Slope: 0.99<a;<1.01
Standard estimated error: SEE < 1.0% of full scale
Coefficient of determination: r? = 0.998

Accuracy *1

within £2.5 % of full scale

Noise *1 Zero, Span: less than 0.4 % of full scale

Repeatability *1 Zero: within £1.0 % of full scale
Span:  within £1.0 % of readings

Zero drift / span drift Zero: within £2.0 % of full scale per 4 hours Fluctuation of ambient
Span:  within £2.0 % of readings per 4 hours temperature: within £2 °C

Warm-up time

Within 1 hours

Time to satisfy the drift
specification

Rise time of calibration
line(To0)

OBS-2100: within 2.5 s as T90
OBS-2200: within 2.0 s as T90
(Tgo: from 10% response to 90% response)

From ZERO/SPAN inlet,
at flow rate of 3.0 L/min

Delay time and rise time
of sample line
(Td, To0)

OBS-2100: within 5.0 s as Td; within 3.5 s as T9o
OBS-2200: within 5.0 s as Td; within 3.0 s as T9o
(Td: time interval until 10% response)
(T90: from 10% response to 90% response)

From inlet of sample
probe (5 m), at flow rate
of 3.0 L/min

CO; quenching

NO, NOx: within £1.0 % of readings

With CO2 15 vol%

H,O quenching

NO, NOx: within £1.0 % of readings

With H20 15 vol%

Influence from Zero: within £3.0% of full scale per 10 °C Ambient temperature:
temperature Span:  within £3.0% of readings per 10 °C 0°Cto40°C

Influence from vibration |Zero: within £3.0 % of full scale At2 G, 67 Hz

Sample pressure Span:  within £2.0 % of readings Pressure range: -5 kPa to
influence 5 kPa

Exhaust pressure Span:  within £1.0 % of readings Pressure range: 0 Pa

influence

100 Pa

Range correlation

Zero, Span: within £1.0 % of full scale of upper range

NO/NOXx line difference

Span:  within £1.0 % of readings

NOx converter efficiency

More than 95 %

For less than 500 ppm
NO2

*1:  Definition and test procedure for linearity (b), accuracy, noise and repeatability are conformed to

CFR 1065.602.

*2:  The span gas whose concentration is between 90 % and 100 % of the full scale of the lowest range

shall be used.

*3:  Only performance that is defined here is guaranteed.
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3.5 Pitot flow meter

Printed 2007/01/31

Application

For measurement of exhaust flow rate

Configuration

Pitot tube is mounted on the tail-pipe attachment

Attachment diameter
and measuring range

Diameter of the attachment should be selected from the following list, according

to tail pipe diameter and exhaust flow rate:

- A-type: 032.0 / $29.0 mm
- B-type: 042.7 / $39.7 mm
- C-type: $60.5 / $56.5 mm
- D-type: 076.3/ $72.3 mm
- E-type: 089.1 / $87.1 mm
- F-type: $101.6 / 099.6 mm
- G-type: 0127.0 / $125.0mm
- H-type: 0152.4 / $150.4mm

m~/min to 2.0 m“/min
(0 m*min to 2.0 m*min)
(0 m%min to 4.5 m*min)
(0 m¥min to 10 m*min)
m~/min to 15 m“/min
(0 m*min to 15 m*min)
(0 m*min to 20 m*min)
(0 m%min to 30 m*/min)
(0 m%min to 45 m*/min)
(0 m*/min to 65 m*min)

Factory calibration
prior to shipment ™1

Calibration coefficient (K) at steady-state flow (293.15 K, 101.3 kPa) shall be
determined by a smooth approach orifice (SAQ) and described in a test report

Linearity *2

Either of the followings:
(@) Within £2.0 % of full scale

(b) Intercept: |ao| = 1.0 % of full scale

Slope: 0.98 <a;<1.02

Standard estimated error: SEE < 2.0% of full scale,
Coefficient of determination: r* = 0.990

Flow rate accuracy "2

Within £1.5 % of full scale or within £2.5 % of readings (whichever larger)

(at flow rate of 20 % of full scale)

Noise *2

Within 2.0 % of full scale (at flow rate of 20 % of full scale)

Repeatability *2

Within £2.0 % of readings (at flow rate

of 20 % of full scale)

*1:  Coefficient K for G-type and H-type flow meter shall be determined and tested in the range of 0
m®/min to 30 m*/min.

*2:  Definition and test procedure for linearity (b), accuracy, noise and repeatability are conformed to
CFR 1065.602.

*3:  Only performance that is defined here is guaranteed.
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Printed 2007/01/31

3.6 Accessory sensors

Exhaust pressure
sensor

- Measurementrange: 0to 115 kPa

Temperature sensor
for exhaust gas

Atmospheric pressure
sensor

Ambient temperature
sensor

- Accuracy: 10.5 % of full scale

- Temperature influence: within £1 % of full scale per 10°C (0°C to 40°C)
- Response time: within 1.0 s

- Measurementrange: 0to 800 °C

- Accuracy: within £1 % of full scale

- Measurement range: 0to 115 kPa

- Accuracy: 11.5 % of full scale

- Temperature influence: within £1 % of full scale per 10°C (0°C to 40°C)
- Response time: within 1.0 s

- Measurementrange: -40to 85°C

- Accuracy: +0.3°C at 23°C

- Response time: within 15 s as 63 % response

(at wind velocity 1 m/s, temperature 23°C)

Ambient humidity
sensor

- Measurementrange: 0 to 100% as relative humidity
- Accuracy: 11.5% as relative humidity at 23°C
- Response time: within 15 s as 63 % response
(at wind velocity 1 m/s, temperature 23°C)

3.7 GPS

Received data

- Latitude/ Longitude: resolution 10-6 degree
- Altitude: resolution 0.1 m
- Velocity: resolution 0.1 km/h

- Captured number of satellite: 0to 12

Data reception
specification

- Reception frequency: every1s

- Captured number of satellite:
GPS is available with more than 3 captured satellites;
altitude can be measured with more than 4 satellites.
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3.8 External input unit (EIU, optional)

Printed 2007/01/31

Application and
configuration

External signals up to 16 channels in various formats (selectable) can be logged

to control PC, by standard modules and optional modules.

Configuration

- Standard modules:

- Optional modules:

totally 8 channels, fixed
- Analog voltage (0-10 V) input:
- Thermocouple(J) input:
- Thermocouple(K) input:

1 module, 2 channels

up to 8 channels, selectable

- Analog voltage (0-1V/0-5V/0-10V /10 V):
total number of 0-1 V and 0-5 V input channel is 4
- Analog current (0-20 mA/ 4-20 mA)
- Thermocouple (J / K)
- Platinum resistance thermometer (Pt100)

- Frequency counter (0.1 Hz to100 kHz): up to 2 channels

2 modules, 4 channels
1 module, 2 channels

Analog voltage (0-10
V) input module

- Input channels:

- Measurement range:

- Common mode voltage:
- Input resistance:

- Resolution:

- Conversion time:

- Measuring accuracy:

2 channels
0to10V DC
max. 35V DC
130 kQ (typical)
12 bits

2 ms (typical)

within £0.2% of full scale (at 25°C)

Thermocouple (J)
input module

- Input channels:

- Measurement range:
- Sensor type:

- Resolution:

- Measuring accuracy:

2 channels

-100 to 1200°C

J type thermocouple
0.1°C

within £0.4% of full scale (at 25°C)

Thermocouple (K)
input module

- Input channels:

- Measurement range:
- Sensor type:

- Resolution:

- Measuring accuracy:

2 channels

-100 to 1370°C

K type thermocouple

0.1°C

within £0.4% of full scale (at 25°C)

Analog voltage (0-1 V)
input module

- Input channels:

- Measurement range:

- Common mode voltage:
- Input resistance:

- Resolution:

- Conversion time:

- Measuring accuracy:

2 channels

0to 1V DC

max. 3V DC

more than 1 MQ

12 bits

30 ms (typical)

within £0.3% of full scale (at 25°C)

Analog voltage (0-5 V)
input module

- Input channels:

- Measurement range:

- Common mode voltage:
- Input resistance:

- Resolution:

- Conversion time:

- Measuring accuracy:

2 channels

0to 5V

max. 15V

more than 1 MQ

12 bits

30 ms (typical)

within £0.3% of full scale (at 25°C)
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Printed 2007/01/31

Analog voltage (10 V)
input module

- Input channels:
- Measurement range:

- Common mode voltage:

- Input resistance:

- Resolution:

- Conversion time:

- Measuring accuracy:

2 channels

-10to 10V

max. 35V DC

570 kQ (typical)

12 bits

2 ms (typical)

within £0.2% of full scale (at 25°C)

Analog current (0-20
mA) input module

- Input channels:
- Measurement range:

- Common mode voltage:

- Input resistance:

- Resolution:

- Conversion time:

- Measuring accuracy:

2 channels

0to20 mA

max. 35V DC

less than 220 Q

12 bits

2 ms (typical)

within £0.2% of full scale (at 25°C)

Analog current (4-20
mA) input module

- Input channels:
- Measurement range:

- Common mode voltage:

- Input resistance:

- Resolution:

- Conversion time:

- Measuring accuracy:

2 channels

4 t0 20 mA

max. 35V DC

less than 220 Q

12 bits

2 ms (typical)

within £0.2% of full scale (at 25°C)

Platinum resistance
thermometer (Pt100)
input module

- Input channels:

- Measurement range:
- Sensor type:

- Resolution:

- Measuring accuracy:

2 channels

-200 to 850°C

Pt100

0.1°C

within £0.2% of full scale (at 25°C)

Frequency input
module

- Input channels:

- Input wave form:

- Measurement range:
- Min. pulse width:

- Threshold:

- Common mode voltage:

1 channel

pulse or sine wave

10 Hz to 100 kHz

5us

high level 2V DC, Low level 1V DC
+50V DC

Digital input module

- Input channels:

- Input voltage:

- Signal voltage(0):
- Signal voltage(1):

- Common mode voltage:

2 channel

24V DC (-15% / +20%)
-3v DC ~+5vV DC
+15V DC ~ +30V DC
500V DC

OBS-2000 Series Product Specification (March 2, 2006)
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Printed 2007/01/31

4. Data logging and analysis software

4.1 Display and saving of input data

Data logging

Logging data input from:

- OBS-2000 main unit
- External input unit (EIU, optional)
- OBD interface unit (optional)

Scaling of data

Conversion of external input voltage, current or frequency from EIU to physical
value, free scaling available

Display of input data
as values

Following data can be displayed as values:

- Concentration of CO, CO,, THC, and NOXx;

- Exh. flow rate [m3/min]; Exh. temp. [°C]; Exh. press. [kPa]

- Amb. temp. [°C]; Atm. press. [kPa]; Amb. humidity (relative humidity) [%]
- GPS velocity [km/h]; Altitude [m]; Position (latitude/ longitude)

- External inputs (optional)

- OBD inputs (optional)

Display of calculated
data (as real-time
values)

Following items can be calculated and displayed using input data:
- Mass emission of CO, CO,, THC, and NOx [g/s, g/h]
- Fuel consumption [g/s]; Fuel economy [km/L, mile/L, L/100km, g/kWh or
g/bhph]
- A/F (calculated by carbon balance method)
- Power [kW] (calculated from engine speed and torque/%torque)

Setting values to be used in calculation are as follows:

- Delay of CO, CO,, THC, NOx analyzer response,
(comparing with exhaust flow rate)

- H/C, O/C and density of fuel

- H/C of hydrocarbon in exhaust emission

Display of calculated
data (as integrated
values)

Following items can be calculated and displayed using input data

- Mass emission of CO, CO,, THC and NOx [g]

- Fuel consumption [g]; Fuel economy [km/L, g/mile, L/100km, g/kWh or
g/bhph]

- Running distance [km]

- Work [kWh]

Display of data in
chart/graphical format

Maximum 8 items of the following can be displayed in chart/graphical format:

- Concentration of CO, CO,, THC, and NOx

- Exh. flow rate [L/min]; Exh. temp. [°C]; Exh. press. [kPa]

- Amb. temp. [°C]; Atm. press. [kPa]; Amb. humidity (relative humidity)[%]
- GPS velocity [km/h]

- AFR (calculated value)

- External inputs (optional)

- OBD inputs (optional)

Saving of input data

Input data during the period specified by START and STOP button can be saved
as a file:
- Data format: ASCII, divided by tab
- Time interval: 100 to 5000 ms (selectable)
- Maximum data length:
36,000 lines (100 ms x 1 h, file size approx. 6.5Mbyte)
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Printed 2007/01/31

4.2 Test sequence

Standard test - The sequence of the standard test is as follows:

seguence Confirm communication with connected devices

=> Name log file automatically (can be changed, if necessary)

=> Specify additional information (title, test vehicle and note), if necessary
=> Calibrate analyzers automatically

=> Start data logging (Start button or Digital sign™1)

=> Stop data logging (Start button or Digital sign*1)

=> Check analyzers’ drift.

=> Purge analyzers

- Logging and saving of data
- The data listed in section 4.1 can be logged and saved as a text file.
- Data display for standard test

- The data listed in section 4.1 can be displayed.
(Max. 8 channels of data can be displayed in chart/graphical format)

NTE test sequence - The sequence of the standard test is as follows:

Confirm communication with connected devices

=> Name log file automatically (can be changed, if necessary)

=> Specify additional information (title, test vehicle and note), if necessary
=> Calibrate analyzers automatically

=> Start data logging

=> Stop data logging

=> Check analyzers’ drift.

=> Purge analyzers

- Logging and saving of data
- The data listed in section 4.1 can be logged and saved as a text file.

- Data display for NTE test

- The data listed in section 4.1 can be displayed.

(Max. 8 channels of data can be displayed in chart/graphical format)

- Current torque and engine speed data in graphical screen of NTE zone

- Valid time of NTE test and number of valid data in NTE zone

- Total time of NTE sequence

- Ratio of the total weighted time which is passed NTE criteria and the total
weighted time of NTE events.

*1: The digital input module installed in the external input unit(EIU) is necessary to input a digital signal.
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Printed 2007/01/31

4.3 Loading and display of saved data

Redisplay of saved Saved data can be loaded to the software and displayed as time-trend charts

data - Concentration of CO, CO,, THC and NOXx;

- Exh. flow rate [L/min]; Exh. temp. [°C]; Exh. press. [kPa]

- Amb. temp. [°C]; Atm. press. [kPa]; Amb. humidity (relative humidity) [%]
- GPS velocity [km/h]; Altitude [m]

- Engine speed [rpm] (From OBD input or EIU input)

- AFR (calculated by C balance method)

Display of Following items can be calculated and displayed using saved data:
re-calculated data (as - Mass emission of CO, CO,, THC and NOx [g/s]

time-trend profiles) - Fuel consumption [g/s]

Display of Following items can be calculated and displayed, using saved data of whole or
re-calculated data (as |specified period:

integrated values) - Mass emission CO, CO,, THC, NOx, NMHC and NOXx corre. [g]

- Fuel consumption [g]; Fuel economy [km/L or L/100km]
- Running distance [km]
(from GPS velocity, OBD signal (optional) or EIU signal (optional))

4.4 Controlling and setting analyzers

Range control Analyzer range can be set from control PC.
Line control Zero/Span/Measure/Purge/Cal/Reset can be controlled from control PC.
Set data Following data can be set from control PC:

- Span gas concentration

- Analyzer linearization coefficient

- Analyzer zero/span correction coefficient
- Analyzer calibration time

- Analog output scale

Automatic start and - Automatic start sequence:
stop sequences Analyzer can automatically be switched to stand-by mode,
when the analyzers are warmed up.

- Automatic stop sequence:
Analyzer can automatically be switched to pause mode and turned power off,
when the battery voltage is lower than setting value.

Hour meter Accumulated time of each of stand-by mode and measure mode can be check on
control PC screen.
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Printed 2007/01/31

4.5 Performance checks for analyzers

Linearity check - Linearity of each analyzer can be checked.
- Analyzer linearization coefficients can be updated.
- Linearity check according to the CFR-1065 procedure can be performed,
and the following results are displayed.
- Intercept
- Slope
- Standard estimated error
- Coefficient of determination

Delay time check / - Dead time (Td) and rise time (Tr) check can be checked.
Leak check - Leak of sample line can be checked.

NOx converter check |NOx converter efficiency of CLD analyzer can be checked.

Interference check - Quenching check for NOx analyzer:
CO, and H,0 quenching can be checked.

- Interference check for CO analyzer:
CO,, C3Hg and H,0 interference can be checked.

- Interference check for CO , analyzer:
CO, CsHg and H,0 interference can be checked.

Performance check The following performance of all analyzers can be checked according to the
CFR-1065 procedure.

- Noise
- Repeatability
- Accuracy

System check - Performance of sample pump, sensitivity of analyzer and user instruction can be
checked.
- If there is any system error, check points can be seen on help screen.

Hang up check - THC hang up of heated line can be checked.
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On-board in-vehicle emissions analysis

HORIBA Ltd., Engine Measurement Division

OBS-1000

On-board Emission Measurement System

CO, CO, HC >>> Wet type NDIR
NOx, AFR >>> ZrO, type sensor Realtime/Total Mass Emission

Exhaust flow rate >>> Pitot flow meter

Exhaust temperature

Exhaust pressure

Ambient temperature

Ambient pressure

Ambient humidity

Vehicle velocity

Engine revolution

GPS(latitude, longitude, altitude)
Optional input(3ch)
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Installation of OBS-1000 (example)

Data logger screen(Real time display screen)

On-Board Emission Measurement System
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Main features of OBS-1000

Low energy consumption
>>Power consumption of all unit is less than 0.4kW

*Robustness for vibration
>>Solid state detector is adopted for NDIR analyzer

*No operation gas required
>> NDIR and ZrO2 sensor doesn’t need operation gas except for N2 gas
(to calibrate and purge the NDIR analyzer)

-Fast response

>>Response time(T90) of all components are less than 1.5sec.

*Wet measurement
>>C0O, CO2 and HC are measured Wet-type NDIR
>>NOx and AFR are measured ZrO2 sensor
>>Exhaust flow rate are measured Pitot flow meter

Principle of Pitot flow meter
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T 50001
E 40001
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Evaluation of Pitot flow meter
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Chassis test of Pitot flow meter
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Chassis test

of OBS-1000

HFID

OBS-1000
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Chassis test of OBS-1000

1.6L Gasoline engine (FTP75 CT phase)
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Chassis test of OBS-1000

Vehicle A; 1.0L Gasoline engine

CO mass emission  Vehice B: 1.6L Gasoline engine
Vehicle C; 2.0L Gasoline engine

Vehicle A; 1.0L Gasoline engine

CO, mass emission  Vehice B; 1L Gasolne engine

Vehicle C; 2.0L Gasoline engine

3 200
— = - A‘r
€ 2 £ 150
< 3 .
2 2 v
()] = Vehicle A FTP75-P1 n » = Vehicle A FTP75-P1
m A Vehicle A FTP75-P2 [an] 4 Vehicle A FTP75-P2
() ®  Vehicle A 10-15-P1 (@) ® Vehicle A 10-15-P1
14 . v Vehicle A 10-15-P2 100 v Vehicle A 10-15-P2
= Vehicle B FTP75-P1 = Vehicle B FTP75-P1
. Vehicle C FTP75-P1 Vehicle C FTP75-P1
Vehicle C FTP75-P2 Vehicle C FTP75-P2
Vehicle C 10-15-P1 Vehicle C 10-15-P1
’ Vehicle C 10-15-P2 Vehicle C 10-15-P2
0 T T T T T T 50 T T T T T
0 1 2 3 50 100 150 200
CVS (g/km) CVS (g/km)
Chassis test of OBS-1000
2.2L Diesel vehicle
1000
5:) 5y HC(h-NDIR)X6X1.66 NDIR-HCx6x1.66
ﬂlf g_ 500
=i
4
04
19007 | | FID-HC [ppmC
Ny -HC [ppmC]
T E 500
Qs
=y MW
04
T T T T T T
2z 97 | — Velocity [km/h] |
[T
O £ 40
2 =
0
T T T
500 1000 1500
time [s]

ffif 1-1-30




Chassis test of OBS-1000

Heated-FID

Heated-NDIR

HC mass emission

Vehicle A; 1.0L Gasoline engine
Vehicle B; 1.6L Gasoline engine
Vehicle C; 2.0L Gasoline engine
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Pollutant emission dumped into the city (2)

OBS-1000 trial in Paris
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Biig% 2.4 [EEBIEHBILER

A 2.4-1 #99 2 F {8t £
Dependent Variable O presgdl | J) grsgd Mean Difference (I-J)

FUEL classl classl1 .53395011788(*)
class24 .78319140397(*)

class27 .92986009460(*)

class34 .78626488252(*)

classll class1 -.53395011788(*)
class24 .24924128609(*)

class27 .39590997672(*)

class34 .25231476464(*)

class24 class1 -.78319140397(*)
class11 -.24924128609(*)

class27 14666869063 (*)

class34 0.003073478554

class27 class1 -.92986009460(*)
class11 -.39590997672(*)

class24 -.14666869063(*)

class34 -.14359521208(*)

class34 class1 -.78626488252(*)
class11 -.25231476464(*)

class24 -0.003073478554

class27 .14359521208(*)

CO2 classl class11 1.29497111(*)
class24 2.10458100(*)

class27 2.53986886(*)

class34 2.10439138(%)

classll classl -1.29497111(*)
class24 .80960989(*)

class27 1.24489774(%)

class34 .80942026(*)

class24 class1 -2.10458100(*)
class11 -.80960989(*)

class27 43528786(*)

class34 -0.00018962

class27 class1 -2.53986886(*)
class11 -1.24489774(*)

class24 -.43528786(*)

class34 -.43547748(*)

class34 class1 -2.10439138(*)
class11 -.80942026(*)

class24 0.00018962

class27 43547748(*)

CO classl classll 24853315(*)
class24 .23545198(*)

class27 .25378585(*)

class34 .24153003(*)

classll class1 -.24853315(*)
class24 -.01308116(*)

class27 0.00525270

class34 -.00700312(*)

class24 class1 -.23545198(*)

W 2-4-1




Dependent Variable I grapdl | J) ¥ rs3) Mean Difference (I-])

classll .01308116(*)

class27 .01833386(*)

class34 0.00607804

class27 classl -.25378585(*)
classl1 -0.00525270

class24 -.01833386(*)

class34 -.01225582(*)

class34 classl -.24153003(*)
classll .00700312(*)

class24 -0.00607804

class27 .01225582(*)

THC classl classl11 .00254708(*)
class24 .00281494(*)

class27 .00323690(*)

class34 .00300677(*)

classl1 classl -.00254708(*)
class24 .00026786(*)

class27 .00068982(*)

class34 .00045968(*)

class24 classl -.00281494(*)
classll -.00026786(*)

class27 .00042197(*)

class34 .00019183(*)

class27 classl -.00323690(*)
classll -.00068982(*)

class24 -.00042197(*)

class34 -.00023014(*)

class34 classl -.00300677(*)
classll -.00045968(*)

class24 -.00019183(*)

class27 .00023014(*)

NOx classl classl1 .00105984(*)
class24 -.00032408(*)

class27 .00053368(*)

class34 .00096080(*)

classll classl -.00105984(*)
class24 -.00138391(*)

class27 -.00052616(*)

class34 -.00009903(*)

class24 classl .00032408(*)
classl1 .00138391(*)

class27 .00085775(*)

class34 .00128488(*)

class27 classl -.00053368(*)
classl1 .00052616(*)

class24 -.00085775(*)

class34 .00042713(*)

class34 classl -.00096080(*)
classl1 .00009903(*)

class24 -.00128488(*)

class27 -.00042713(*)

(A A GREALE B EA P T HFAL
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WA 2.4-2  #52 F (S5 A
Dependent Variable @) =HRPBIE | Q) FRPIFE Mean Difference (I-])
FUEL EU ETP .21943888(*)
HWFET -.53445902(*)
oA 21010931(*)
o 23521657(*)
B i 27156218(*)
FTP EU -.21943888(*)
HWFET -.75389790(*)
oAt -0.00932957
o v 0.01577769
% s .05212330(*)
HWFET EU .53445902(*)
FTP .75389790(*)
oA 74456833 (%)
o v 76967559(*)
% s .80602120(*)
o EU -21010931(*%)
FTP 0.00932957
HWFET -.74456833(*%)
e 0.02510726
e .06145287(*)
L EU -.23521657(*%)
FTP -0.01577769
HWFET -.76967559(*)
oAt -0.02510726
% st 0.03634561
3 EU -27156218(*)
FTP -.05212330(*%)
HWFET -.80602120(*)
oA -.06145287(*)
o v -0.03634561
Cco2 EU ETP .69697814(*)
HWFET -1.72927644(*)
oAt .67450559(*)
e v T4744510(*)
e .87677004(*)
FTP EU -.69697814(*)
HWFET -2.42625458(*)
oAt -0.02247255
e 0.05046697
B i .17979190(*)
HWFET EU 1.72927644(*)
FTP 2.42625458(*)
oAt 2.40378203(*)
o v 2.47672154(*)
s 2.60604648(*)
o EU -.67450559(*)
FTP 0.02247255
HWFET -2.40378203(*)
o v 0.07293951
Bz 20226445(*)
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Dependent Variable @D ZRPBIZE | Q) FRPIE Mean Difference (I-J)
L EU - 74744510(%)
FTP -0.05046697
HWFET -2.47672154(%)
oAt -0.07293951
B s .12932493(*)
3 EU -.87677004(*)
FTP -.17979190(*)
HWFET -2.60604648(*)
oA -.20226445(%)
o v -.12932493(%)
CcoO EU FTP 0.00114273
HWFET 01615626(*)
oAt -0.00288553
o v -0.00020440
Bzt -0.00713478
FTP EU -0.00114273
HWFET .01501353(*)
oAt -0.00402826
e -0.00134713
e -.00827752(%)
HWFET EU -.01615626(*)
ETP -.01501353(%)
oAt -.01904179(*)
o -.01636066(*)
B i -.02329105(%)
o EU 0.00288553
FTP 0.00402826
HWFET .01904179(*)
o v 0.00268113
¥ i -0.00424926
5 EU 0.00020440
FTP 0.00134713
HWFET .01636066(*)
oA -0.00268113
B i -0.00693038
% i EU 0.00713478
ETP .00827752(*)
HWFET .02329105(*)
oA 0.00424926
o¥ 0.00693038
THC EU FTP -.00051608(*)
HWFET .00187846(*)
oA -.00077935(%)
o v 0.00004234
Bz -.00089195(*)
FTP EU .00051608(*)
HWFET .00239454(*)
oAt -0.00026327
o v .00055842(*)
Bz -0.00037587
HWFET EU -.00187846(*)
FTP -.00239454(*)




Dependent Variable (D) 2 HPIE | ) FRPERE Mean Difference (I-J)
o -.00265781(*)
e v -.00183612(*%)
B -.00277041(*)
o EU .00077935(*)
FTP 0.00026327
HWFET .00265781(*)
o v .00082169(*)
% -0.00011260
o EU -0.00004234
FTP -.00055842(*)
HWFET .00183612(*)
o -.00082169(*)
% 2 -.00093429(*)
3 EU .00089195(*)
FTP 0.00037587
HWFET .00277041(*)
o 0.00011260
o v .00093429(*)
NOx EU FTP .00035121(*)
HWFET .00039096(*)
o 0.00016587
e v 0.00010823
% 2t -0.00022713
FTP EU -.00035121(%)
HWFET 0.00003975
o -.00018534(*)
o v -.00024298(*)
B 22 -.00057834(*)
HWFET EU -.00039096(*)
FTP -0.00003975
o -.00022509(*)
o v -.00028273(*)
% 2 -.00061809(*)
o EU -0.00016587
FTP .00018534(*)
HWFET .00022509(*)
o -0.00005764
B -.00039300(*)
o EU -0.00010823
FTP .00024298(*)
HWFET .00028273(*)
o 0.00005764
% 2 -.00033536(*)
3 e EU 0.00022713
FTP .00057834(*)
HWFET .00061809(*)
o .00039300(*)
o v .00033536(*)
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M4 2.4-3 0 H#T7 2. F (S 4

Dependent Variable D Z=RPIEE | Q) = HRPIEE Mean Difference (I-J)
FUEL EU FTP .18216268(*)
HWFET -.61275123(%)
FTP EU -.18216268(*)
HWFET -.79491391(*)
HWFET EU .61275123(%)
FTP .79491391(*)
cOo2 EU FTP .55859244(*)
HWFET -1.96010631(*)
FTP EU -.55859244(*)
HWFET -2.51869875(*)
HWFET EU 1.96010631(*)
FTP 2.51869875(*)
Cco EU FTP .02645408(*)
HWFET .01909707(*)
FTP EU -.02645408(*)
HWFET ~00735701(*)
HWFET EU ~01909707(*%)
FTP 100735701(¥)
THC EU FTP .00110699(*)
HWFET .00258042(*)
FTP EU -.00110699(*)
HWFET .00147343(*)
HWFET EU -.00258042(*)
FTP -.00147343(*)
NOx EU FTP 0.00012679
HWFET 0.00013225
FTP EU -0.00012679
HWFET 0.00000546
HWFET EU -0.00013225
FTP -0.00000546
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w4 2.4-4 #9 2. E 124

Dependent Variable D Erdr | () gRER Mean Difference (I-J)
FUEL 0% 2% ~24101709(%)
3% ~39076864(%)
4% - 54482466(%)
2% 0% 24101709(%)
3% - 14975155(%)
4% ~30380757(%)
3% 0% 39076864(%)
2% 14975155(%)
4% - 15405602(%)
4% 0% 54482466(%)
2% 30380757(%)
3% 15405602(%)
CO2 0% 2% -.75972832(*)
3% T1.10444394(%)
4% 21.47584999(%)
2% 0% 75972832(%)
3% -0.34472062
4% -71612167(*%)
3% 0% 1.10444894(*)
2% 0.34472062
4% -0.37140105
4% 0% 1.47584999(*)
2% 71612167(%)
3% 0.37140105
CO 0% 2% -.00326970(*)
3% -.08354687(*)
4% -.15624292(*)
2% 0% 100326970(*)
3% -.08027717(*)
4% -.15297322(*)
3% 0% 08354687(%)
2% 08027717(%)
4% -.07269605(*)
4% 0% 15624292(%)
2% 15297322(%)
3% 07269605(%)
THC 0% 2% -.00025800(*)
3% -.00179237(*)
4% -.00298289(*)
2% 0% 200025800(*)
3% -.00153437(*)
4% -.00272488(*)
3% 0% 00179237(%)
2% 00153437(%)
4% Z00119051(%)
4% 0% .00298289(*)
2% 00272488(%)
3% 00119051 (%)
NOx 0% 2% 0.00008351
3% 100052892(%)
4% 00066427(%)
2% 0% -0.00008351
3% 00044541(%)
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Dependent Variable O grdr | ) gdR Mean Difference (I-])
4% .00058076(*)
3% 0% -.00052892(*)
2% ~00044541(%)
4% 0.00013535
4% 0% -.00066427(*)
2% ~00058076(%)
3% -0.00013535
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