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Under the Clean Air Act Amendments of 1990, metropolitan areas with the most serious
air quality problems are required to- 1mp1ement so-called “enhanced” M programs. Two
different test procedures for exhaust emissions testingin enhanced programs have been
approved by EPA: the “IM240” test, and the “Acceleration Simulation Mode™ (ASM)
test. With either procedure, the efficiency of the testing process depends on how qmckly
accurate decxsxons can be made asto whether a vemcle should pass or fall S :

Inadequate vehwle precondmonmg hﬂs prevmu.sly been 1dent1ﬁed as a-cause of false
failures in /M programs. In fact, previous EPA and DEQ analyses estimate that 25% of
the vehicles failing the final IM240 standards would pass with further preconditioning,
and that these vehicles can be identified through modal analysis. To address this
problem, Sierra suggested, in another study, that Phase 1 of the IM240 test be eliminated,
instead using only the second hill-of the IM240.(i.e., the “IM147”) up to three times in
succession to ensure adequate preconditioning. Based on this recommendation, and to
address the issue of inadequate preconditioning without compromising test throughput
excessively, Arizona therefore decided to change its test:procedure to the IM147
beginning January 1, 2000. This program upgrade will also include impiementation of
“Max CO” cutpoints previously developed by Slerra., wh1ch are designed to maximize the
CO beneﬁts of the progra.m

Rega.ldmg thlS proposecl alternatxve to the ex:stmg ]'_MZ40 test, several concerns needed to
be addressed prior to implementation in Artzona. First of all, how would emissions
identification and credit change with the new procedure. Secondly, because the length of
the proposed test may be equivalent to that of three IM147 tests, it can use considerably
more dynamometer time than the other aforementioned tests, thus increasing the cost of
the program. Prior to this study, two othe1 studies have al.rea.dy been conducted to start

" addressing these issues. -

The.ﬁr_st study addressed, ambng_'other-_-things, reducing test time and projected emission
credit levels for the IM147 test. Part of the data analyzed iu this study consisted of 101
tests where vehicles were given three back-to-back Iiv147 tests. These data were used to
create “Phase 2b” cutpoints, which are analogous to phase 2 cutpoints for the IM240 test,
thus giving vehicles two ways to pass. In addition, fast-pass cutpoints for both the entire
Tvi147 as well as Phase 2b were also developed. The other data used in this study
consisted of 2% random sample IM240 test data collected in the Arizona IM240 program.
These data, in combination with the 101 vehicle data, were used to project emigsion
credits. Unfortunately, since this study did not include back-to-back IM147 to IM240
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testing, excess emissions identification rates and SIP credit could not be conclusively
established. In a follow-up work assignment in 1998,"" EPA asked Sierra to evaluate 304
triplicate IM147 tests followed by an IM240 test. These data were analyzed to verify the
prefiminary excess emission identification rates and average test time estimates projected
for the Arizonia IM program from the Phase 2 and IM240 data sets collected in previous
studies. In addition, improved fast-pass and retest algorithms were developed for the
IM147 test using the same approach used previously in developing similar IM240
algorithms; however, the cutpoints scenarios evaluated in the study did not include the
‘Max CO cutpomts prevmusly developed for DEQ

PKE e:ed Vanatlon Cnt :'a In thc 1997 II\4240-related eva.luatlon for EPA (SR98-02»-
01)? Sierra developed improved speed variation criteria based on the total Positive ™ =
Kinetic Energy (PKE) change per mile traveled during the IM240 cycle:. These criteria -
were designed to minimize the vatiation.in emissions while still being feasibie-for use by
minimally trained drivers with a reagonable aptitade for dynamometer driving. However,
only IM240 drive cycle criteria were developed in the 1997 study. Therefore, further
anal)"sis ‘was needed to develop similar speed variation-criteria for the IM147. -

Scoge of Work

To aJd in the Anzona IM147 u:nplementatlon effort, EPA 1ssued a WOrk asmgnment .
(#1 -08) to’ Slerra to- complete the followmg tasks : o

1. Deveiop proj ected IMl47 fallure rates for the Anzona I/M program
2 .-Develop IIlOd.Ell IM147 fast-pass standards for the Max CO cutpomts,. |

3 Develop moda.l predlctwe ]M147 retest algorlthms for the Max CO cutp oints;
4, -Develop modal IMl 4-7 fast~fa.11 cnterla, and o

5. Develop fast—pass and full—dumtlon PKE cntena for the Iivi1 47 test

Three distinct data sets were used in this Sfildy. The first two sets were the 304 vehicle
study, collected for SR99-10-02, and a 543-vehicle sample collected for this study. For
both of these sets, randomly selected vehicles were given triplicate IM147 tests followed
by an IM240 test. The third data set comprised 2,518 vehicles given triplicate IM147
tests and, if they failed the third test, an IM240 test. After removing invalid tests, the test
data sets usgd for this study consisted of 300, 535, and 2,512 vehicles, respectively (i.e.,
3,347 vehicles total). All of the data were: collected by Gordon—Darby '™ lanes in
Phoerux, Anzon& o _

’ Superséripts denote references listed in Section 8.
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Prior to projecting failure rates.for The V147 test.using each of the four set of emjssions
standards (Startup, Intcrmechate Final; Max CQ), Max CO: cutpoints developed as part of
‘SR99-10-02 were revwed using; the combined 300~ and 535~vehicle data'sets.” To tlns
end, IM147 scores were regressed against: IM240 scores. - The Tesulting regression -
equatmns were then used to derive V147 cutpoints from. the IM240 cutpoints. IM147
phase 2 cutpoints were developed similarly by regresging IM147 composite scores against
IM147 phase 2 scores. “A scaling factor of 0.9 was multiplied against the predicted phase
2 cutpoint to make the phase 2 cutpoint: slightly more. stringent than the composite
cutpoint, as it is with the IM240 tcsL ‘Table 4-4 in:Section 4 shows the rewsed Max CO
cutpoints. : I

After revising the Max CO cutpoints, failure rates forithe IM147 test using- the Startup; -
Intermediate, final, and Max CO cutpoints were determined using the 3,347-vehicle data
set. These failure rates, which are shown in Table 1-1, were based upon the resuits of the
third IM 147 test. o

Failure Rates, Third IM147
HC : - CO NOx _ OVERALL
V;J;;Ie Pail | Pass | %Fail. CRail | Pass | %Fall], il | s Voakar | Fail | Pass | % e

Cﬂt{mmtﬂ S
30 {14:0% | 155 {1625 | 8.7% | 390 | 1390 {21.9%
LDGT1 | 49 | 915 | 5.1% {808 [162% 70 | 894 [7.3% | 219 | 745 22,794
LDGT2 | 25 | 578 [4.1% | 63 | 540 |10.4%] 30 1573 |5.0% | 93 | s10 [15.4%]
All 188 | 3159 | 5.6% | 469 [ 2878 {14.0%| 255 3092 | 7.6% | 702 | 2645 |21.0%
Startup Cutpoints ) ’ "
LDGV | 106 | 1674 | 6.0% | 130 | 1650 | 7.3% | 141 {1639 17.9% | 281 | 1499 {15.8%]
LDGT1 | 52 | 912 154% | 33 [ 931 [34% | 48 | 916 [5.0% | 108 | 856 |11.2%]
IDGT2 | 33 | 570 [55% ] 30 | 573 {50% | 28 | 575 |4.6% | 67 | 536 [11.1%) |
All 19t | 3156 | 5.7% | 193 13154 [58% | 217 | 3130 | 6.5% | 456 |2891 [13.6%
- . .. .. -IntermediateCutpoints . . o _
LDGV - | 157 | 1623 | 8.8% | 161 | 1619 [9.0% | 196 | 1584 [11.0%] 367 | 1413 [20.6%
LDGT1 | 80 | 884 [83% | 53 | 9% [55% | 73 | 801 | 7.6% | 165 | 799 [17.1%)
LDGT2 | 40 | 563 |6.6% | 42 |'561 ] 7.0% | 42 | s61 [7.0% | 93 | 510 |15.4%
Al | 277 {3070 | 8.3% | 256 ] 3091 | 7.6% | 311 | 3036 ]9.3% | 625 | 2722 [18.7%)
' 7 Tinal Cutpoints : "
LDGV | 280 | 1500 [15.7%] 240 | 1540 [13.5%] 277 | 1503 [15.6%] 507 | 1273 [28.5%)
LDGT1 | 120 | 844 [124%| 85 | 879 | 8.8% | 127 | 837 [13.2%] 239 | 725 (24.8%)
LDGT2 | 73 | 530 112.1%] 56 | 547 |93% | 82 | 521 |13.6%[ 149 | 454 [24.7%4)

LDGYV | 114 | 1666 | 6.4% ] 2
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LA 173 {2874 [1a.1%] 381 1 2066 [114%] 486 ] 2861 |i4.5%] 895 | 2452 3677

This table helps clarify the relationship between the four sets of cutpomts The Startup,
Intermediate, and Final cutpoints result in nearly equal HC, CO; and NOX' fallure tates, by
vehicle category, which increase as the stringency of the: eutpom’fs increase. The’ Max Co
standards, when compared to the final standards,; result in lower HC and NOx faﬂure '
rates, and hlgher Co fcu.lure rates especlally for hghtnduty truck.s L

Flgure 1 I shows the fallure rates for eaeh of the: three IMl 473, based on the Max CO -
standards. As the figure shows,; most of the decrease in failure rates due to the use of
multiple test cycles (i.e., to address the lack of adequate preconditioning) occuits between
the first and second IM147s. As a result, it is reasonable fo expect that algorithms-
designed to shorten the fest would often end the test pnor to the thl.rd IMI 4’? Tlus 1s,
fact, the case, as is shown later in: tl:us report :

Fig_ure 1-1

Overall Failure Rateby Vehicle Type

35.0%
2 30.0% -
=4 ar i - —
5 2% @1t IM147
= 20.0% 1~ .
& 15.0% 8 2nd IM147
T 10.0% ] |@3rammiar
<

Later in this report, implementation of fast-pass, fast-fail, and retest algorithms will be
discussed. The addition of the algorithms has a significant impact on failure rate. In
predicting which vehicles will ultimately pass the test, minor predictive errors associated
‘with the fast-pass algontbm lead to a small fraction of false passes and in‘tun a reduction
in the failure rate. The fast-fail and retest algorithms, which are used to predict failing
vehicles, will err on the side of false fhilures, hence acting to increase the failure rate.

One of the goals in developing the revised. Max CO. eutpoints was to minjmize the

projected false failure rate; however, false passes were treated somewhat differently.
Rather than attempting to keep the number of false passesto 8 memum, the study -
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instead focused on maximizing excess emissions identification while also minimizing test
tlme Asa result, the fast~pass algonthms allow a number of marginal vehicles that have

little 1mpact on the overall excess emissions to falseiy pass, - While relatively insignificant
from an emissions perspectlve this; results ina fauriy substantlal decrease in'the: pm]ected

There is also a second factor affecting the projected failure rates shown in Table 1-1.
Review of the individual resnits for each of the three sequential IM147s shows that
roughly 80 vehicles (i.e.,.about: 2.,5% of" the total sample) failed the third IM147 after
having passed the first test cycle.. Thereason for this degradation in emissions over the
three IM147s is unknown, but appears to.be an artifact.of the test protocol. Since these.
vehicles would have passed outas a result of the first IM147, they are consxdered false
failures that would not oceur with the addition of the integrated algorithms. SR

Table 1-2 shows the effect on projected fallure rates of applying the algorithms to the
3,347-vehicle sample. The failure rates shown in the table have also been adjusted by -
normalizing the results to-the vehiclé fleet distribution contained in 2% random sample
data collected in the Arizona program from July 1997 through March 1998. (These were
the most recent vehicle type»specﬂic data readlly available to Szerra) This fleet
d.lsmbuﬁon is detmled n Appemhx G.. L -

o : Table 1-=2 SR
Predxcted Anzona Th147 Fallure Rates w1th
M’axCO Cutpomts and Integrated Algorrthms
" Vehicle Class. | Prechctcd Failure Rate™
: LDGTI s 11.4%

" Normalized to Arizona fleet dlSt[‘lethll nbtamed {rom 2% mndum
sample data for the permd Iuly 1997 March 1998, .

Historical Arizona IM240 test results also show a significant seasonal effect. This is
believed to be caused by two primary factors: the impact of changes in ambient

* temperatures on the purging of fuel vapors to the canister (in some older models these
vapors are emitted directly to the engine), and the wintertime use of oxygenated gasoline.
Both factors will act to reduce wintertime failure rates. At the high ambient temperatures
typically experienced in Phoenix in the summer and fall, high purge rates from vehicles

e



- idling in the queue lead to canister overloading and: brea.kﬂnrough This in turn results in
higher emissions and an increase in projected: failure rates. Oider-technology velncles are
particularly susceptible to this phenomenon, dué to the vehicles™ poorer fuel dehvery '
capabilities. This effect will not occur nearly as often during colder temperatures, thus
contributing fo lower wintertime failure rates. The use of oxygenated ga.solme redices
CO exmssxons, Ieadmg to further decreases in faﬂure rates.

'A review of hlstonc faﬂure rate data for the A:r;zona program shows that this. seasonal '

effect appears to have a 2%-2.5% impact-on failure rates. For example, the V240 failure

rate in January 1999 was 14.0% versus a failure rate of roughly 16%-16. 5% durmg the

. July-September 1999 period: Since most of the data analyzed in this study were collected
during late summer, the wintertime failure rate would be expected to be sxgmﬁc antly

lower than the projections shown in Table 1-2. '

Usmg the same methodoiogy employed n SR99-10 02; this study deveIoped fa.stwpass
regression standards for the Max CO'cutpoints. This methodology reqmres dividing the
IM147 test into a sexies of short segments over which emission mass is accunnilated. By
performing multivariate linear regressions of these incremental segments, modal fast-pass
coefficients were developed to predict when vehicles would pass without having to
complete the entire test. Unlike the previous study, which divided the IM147 test into 14
segments, this study divided the test mto 20 segments thus i mcreasmg the ﬁequeney of
opportumtles for fast-pass . R _

While a fast-pass procedure of tlus nature has the abxhty to greatly reduce test time, this
reduction has to be balanced.agaimst false pagses. False passes occur when vehicles that
would otherwise fail an inspection are fast-passed out because their emissions over the
drive cycle are not appropnaxely characterized by the regression. For this study, false
passes are quantified by measunng excess emissions, which are defined as emissions
collected during an IM240 test in excess of the applicable. standard for a given vehicle.
The IM147 test receives credlt for identifying excess emissions if it fails a vehicle that
had excess IM240 emissions when using the same emission cutpoints (e.g. Max CO).

In this study, both the regressmn of the TIM147 segments and the analysis of that
regression were performed using the combined data sets (3,347 vehicles) and the Max CO
standards. Table 1-3 details the results of this analysis.

Predictive Retest Algorithms . -

The workplan for the study called for Sierra to refine algorithms originally developed for
SR99-10-02 and then to apply them to the total vehicle sample (3,347 vehicles) to
determine their net effect on test time. In contrast to the fast-pass algorithm, where
misidentification results in false-passing vehicles.and a loss in excess emissions
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identification, the retest algorithm errors. result in false failures, which can lead to.
consurmer complamts Like the fast-pass algonthm, decreases in test time need to be
welghed against false faﬂures to determme a reasonable compromise. -

Tablo 1.3
 Modeled Fast-Pass Resulfs _
Excess IMZ40 Einissions® (w! Max(l‘() Cutpomts) VS, Average Test Tune
- - Fast-Pass Enabled
Excess HC Identified | 9%
Excess CO Identified 963% C927%

EXC%SSNOK Identiﬁed - 954% R b 824% .

Avemg_e Test Timer - 217 seconds L 2 seconds

¢ Excess emissions normahzed to Anzona 2% ranclom sample fleet djsl:nbutmn daIa, Iuly 1997 to March
1998.

® While vehicles carmot terminate in the nuddle of an IM147 without the fast. pﬂ.‘ls atlgerlthm1 the teet may
end prior fo completing three IM147s if the emissions measured at the end of any one: of the IM147s
meet the applicable standards. :

¢ Test time refers to the tims' aetually requ.l.red r.e operaie the vel:uele on the dynamometer

While the original retest procedure described in SR99-10-02 used a combination of mass
and concentration emissions measuremenits to anticipate whether a vehicle would benefit
from additional testing, concerns expressed by Gordon-Darby regarding the complexity of
this algorithm led to a different approach for this analysis. Instead, a variation of the fast-
pass regression calculation was developed and used to predict emissions .

improvement over an IM147 test. In- short, the emissions result predlcted after Segment 7
is compared to the emissions result predlcted after Segment 1910 detenmne whether the
vehicle emissions are convergmg on the appheabie standard

Using this procedure, test time was reduced from 125 seconds (with fast-pass enabied) o
96 seconds, 'I‘able 1»4 detalls further results of the retest analysxs

Modal Fast-Fail Criteria

One of the tequiremente of this work assignment was to develop modal fast-fail criteria.
Unlike the retest procedure, which can terminate the test at the ends of the individual
IM147s, the fast-fail algorithm can terminate tests during an IM147 test.

Like the retest algorithm, errors committed by the fast-fail criteria result in false failures.
As a result, decreases in test time have to be weighed against false failures. With this in
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‘mind, fast~fa11ures cannot be made durmg the first’ of the three Mt 475! Analysls showed
that the results of the firgt IM147 were too unpredlctable relauvc to the final result, to risk
false-failing vehicles. The final two IM147s; howevcr, would serve reasonably WeII for
ﬂuspurpose o R

Table 1-4

Retest Alganthm Resuits
LDGV | LDGTLLDGT2
Il Total Number. ofCompIete e 1 o
' Tests 1567 3 SR 1730
# of Failures Without - . B R
Retest Algorithm 327 (20 9%. 0f 1567) 1 273.(1 5.3% of 1780) |
Failumest | 245 (74 9% of 327) | 180(65.9%of273)
# Failing After 1 IM147 04 (38.4% of 24_5)° 1 97(53.9% of 180y
# Failing After 21M147s | 151 (61.6%of245)° | 83 (46.1% of 180)°
# of Passing Vehicles - . ' T e
Falsely Failed by Retest 0 (OA' of 1567) S 0 (0% of 1780)

*“Correctly identified failures” refers to those vehicles that were still failing at the end of the third IM147,
*The number shown in parentheses is the number of failures without the retest algorithm,
*The numiber shown in parenthesss is.the total number of IM147 Cycle 2 and 3 failures.

There are two dlfferent fast—fall algonthms one for each of the ﬁnal two IM147 tests.
The fast-fail algorithm for the second IM147 fails vehicles with excessively high
pred.lctcd emissions after segment 7 of the second IM147. The fast-fail algorithm for the
third IM147 test uses a variation of the fastnpass algonthm to predict failing vehicles
throughout the test. Both of these algonthms are described more completely in the body
of this report. - _ _ i

Table 1-5 shows the resﬁlt’s of the fast-fail algonthms when apﬁlicd to the 3,347 ~vehicle-
sample. The fast-fail algorithm reduces average test time an additional 2 seconds, from
96 seconds (with fast-pass and retest enabied) to 94 (with fast-pass, retest, and fast-fail

enabled)




Vehicle | Second IM147 Fast- |- Third IM147 Fast- | - False Failures
Class . Tailwes' -} - - Failun PRy
Total 223 393 6

This portion of the study combined all of the optimized algorithms to determine their net
effect on test time, false failures, and excess emissions while using the Max CQ standards
with the 3,347-vehicle sample. The flow chart contained in Figure 1-2 shows the point at
which vehicles concluded the fest and the reason they passed or failed. It also indicates
the average dynamonieter test time for each category of vehicles. Following the flow
chart, Table 1-6 shows the net effect of the procedures on test time and excess emissions.

The table shows that excess emission identification using the Max CO cutpoints with the
fast-pass, retest, or fail-fail algorithms enabled is 95.9%, 93.1%, and 97.0% for HC, CO,
and NOx, respectively. (For comparison, the respective identification rates are 97.8%,
96.3%, and 95.4% without the various test criteria enabled.) This is down from the
identification rates developed in SR99~10-02,' which identified 99.6% of the HC, 98.2%
of the CO, and 99.9% of the NOx with the fast-pass and retest algorithms enabled (fast-
fail was not considered). However, direct comparison of the two sets of results may not
be refevant for several reasons. First, the previous study measured excess emissions
captured against the Final Cutpoints rather than the Max CO cutpoints use for this study.
Second, because fast-fail was created for this study, it was not included in the previous
study results. Third, the retest algorithm has been modified as part of this study and will
therefore have a different effect on the results. Finally, the majority of the data used in
this study were collected with the newer model year exemptions in place and normalized
to the vehicle inspection fleet distribution for the period July 1997 to March 1998. Asa
result, the vehicle distribution was skewed toward older vehicles relative to that in the
previous study. Less rigorous test criteria were also evaluated as part of this latest study.
However, their use yielded relatively little improvement in identification rate at the cost
of a large increase in test time. It was therefore decided not to pursue this latter option.

The original integrated algorithm results were initially determined assuming fast-pass and
fast-fail results could not be rendered prior to the fourth segment (i.e., no earlier than Test
Time = 28 seconds). This was consistent with the procedure established in SR98-02-01.
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Gordon-Darby, wishing to further minimize test time, requested that Sierra explore the
feasibility of rendering fastwpass and third IM147 fast-fail decisions after earlier se gments
without degrading excess emission identification, Further mvesngatlon found that
decistons could be made as early as the end of segment 2 (i.e., at Test Time = 16 seconds)
if the error multiplier used in the fast-«pass decision was increased during segments 2 and
3.- For segment 2, the exror multiplier was 3, while it was 2.5 for segment 3. Usmg tllese
criteria, average test time was reduced to 91 seconds WIﬂ'J.OlIt sacrlﬁcmg any excess
emissions 1dent1:ﬁcat10n g C

-11-
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© Table 1-6

Comparison of Integrated Algonthms Vi Standard IM147

Impact on Test Tinte and Exeess IM240 Emlssmns ('VIax co Cutpomts) Lost*

ModeI % Excess Em;ssmus Identified®
Year | Sample e s -
' Class | Group | Size® [-Standar HC CO | NOx
1981-82 | 105 | 2864 140.1 - | 8% " 1000%
108365 | 228 | 3112 | 1694 | 100.0% | 97.6% | 100.0%
1986-89 | 425 | 248.4 1120 | -99.2% | 97.1% | 100.0%
LDGV . — _ MR St g
1990-95 | 952 | 184.8 783 | 96.8% | 853% | 91.2%
1996+ | 70 1543 | 371 - - -
Al | 1780 | 2210 100.0 | 98.2% | 93.3% | 96.8%
1981-85 | 260 | 306.6 1587 | 78.5% | 97.3% | 99.4%
1986-89 | 222 ':;';-_230 8 | 93.8% | 90.8% | 99.60
LDGT1 | 1990-95 | 450 | 1733 | 0.0% | 0.0% | 100.0%
1996+ | 32 | 1551 316 . - | 100.0%
All 964 221.9 045 | 83.4% | 92'.'.6% | 99.5%
198185 | 94 | 3075 |- 1588 | 100.0% | 100.0% | 77.2%
1986-87 | 64 | 253.2 1014 | 100.0% | 100.0% | 100.0%
LDGT2 | 1988.95 | 427 | 1665 54.2 ; 0% | 44.4%
1996+ | 18 146.0 280 - ; .
Al | 603 | 1971 | 747 | 100.0% | 93.8% | 83.1%
Weighted Average | 3,347 21’70 1 o4 | 9s.0% | 93.1% | 97.0%

* Test time results do not include impact of driver variation llII:utS :

b Mean test {ime standard refers to the average dynamometer test Ume without the algonthms euabled
This was determined using the 3,347-vehicle sample.
° Percent of IM240 Qviax CO) excess emissions identified with the integrated algonthms enabled. This
was determined using the 835-vehicle sample and normaﬁzed to the: Anzona 2% random sample fleet
distribution data, July 1997 to March 1998,
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Development of 1'\([147 Dﬂver Vanatlon StaILe_LaI

As will be shown in the bo dy of th]S report, -.prevxous WOrk perforn:led on drlver variation
limits utilized Positive Kinetic Energy (PKE) limits to evaluate driver performance.
Analysis conducted for this study, however, revealed limitations with this metric, which
can result in- mappmpmate driver exrors. As d result, a new statistic, Cumulative Positive
Power (CPP), was developed to remody this problem. Designed to be used in conjunction
~ with BPA-specified absolute speed variation: lu:mts CPP produoes an u:nproved more
predlotable driver evaluation. cntena t.han PKE S

When applied to the total veh.lcle sample for this-study (minus vehicles w1th absolute
speed violations greater than +2 mph), the new CPP criteria produced a total abort rate of
3.4%. Since the IM147 test, even without fast-pass, fast-fail, or retest, allows for vehicles
to pass the test after a single passing IM147, many-of the driver errors in the total sample
would not be experienced since they occuned after the vehicle had a]ready pﬂssed

Takmg this into account, the eﬁ‘eouve abort raie was 2% R

Integration of CPP Variation Limits

The CPP analysis was conducted on a subset of the 3,347-vehicle population, with
absolute speed excursion violations (as defined in EPA’s TM240 guidance) 1 removed.

This resulted in an overall data set of 3,006 vehicles, Using the 3,006-vehicle sample the
average test time, with the fast-pass, retest, and fagt-fail criteria. enabIed but without the
CPP criteria applied, was 89 seconds. Onge the CPP critetia were: enabled 87 tests (of
the 3,006 vehicles) were extended, i mcreasmg the average test time by 1 second to 90
‘seconds. This resulting increase of 1.1%.is less than the 2% increase projected at the end
of Section 6, which makes sense given that the 2% projection was made without the fast-
pass/fail and retest algorithms in place. The overall test timme reductions caused by the
fast-pass/fail and retest algorithms would mean that fewer errors would be committed.
Table 1-7 summarizes the change in dynamometer test time with each succeeding set of
enabled criteria. The overall 1mpaot of alI the cntena is 5 to reduce the test time by 58%,
from 217 to 90 seoouds : : .

SIP Credif Analysis

The above comparison of excess emissions 1dent1ﬁcat10n between the IM240 and V(147
is based on the use of CO Max standards. for both test cycles. To develop an estimate of
the allowable SIP credit that should be allocated to the revised IM147 CO Max standards,
it is also necessary to compare excess emissions identification between this scenario and
the TM240 with EPA-recommended final cutpoints in place. This is due to the need to -
establish a link to using MOBILE for SIP modeling purposes. Configuring MOBILE
with CO Max standards is not feasible; therefore, a better approaoh is to run the model
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with final EPA. standards in place and use the excess emissions identification rates -

developed in ﬁllS study to adjust the resugl‘gg model outputs
o Table 157"
Average Test Time: (seconds)
by Test Tlme Reducﬁon Methodology m:ld CPP
' S Dyno’[‘esl: 1 Test'l‘ime -
Scenano LT Time - | ‘Reduction (%)
Cutpomt only, two possible retests. 217 SR
Addedfastpass | 15 | 4
Addedretest . . . 96 . f 86
‘Added fast-fail R 94 57
Allowed fast-pass at end of Segment2 91 o . 58
Removed speed excursion violations ]~ 89 | 59
Added CPP limits : 90 58

"

Table 1-8 shows the excess emission Identlﬁcauon rates when the IM14'? Max CD
cutpoints are compared to the IM240 final standards. Pollutantnspemﬁc identification -
rates are shown both without and with the fast~pass, retest, or fail-fail algorithms enabled.
(The latter scenario includes fastnpa.ssmg vehicles as early as at the end of segment 2.)-
Since Arizona will be implementing the IM147 test procedure with the algorithms
enabled, the identification rates for this scenario are the ones that should be used to adjust
the MOBILE modelmg resuits (based on ﬁnal 11\4240 standards) for SIP: credit pu.rposes

Table 1-8

Comparlson of IM147 Max CO Cutpoints to IM240 Final Standards
Impact on Excess Emissions L ost®
% Excess Emission Identified % Excess Emissions Identified
Class {Without Fast-Pags, Retest, Fast-Fail) {With Integrated Algorithms)
| HC co | mox | HC | co NOx.
LDGV. 952% | 96.2% 84.8% | 91.9% 95.1% | 85.7%
- LDGT1 - 80.5% .| 100.0% 70.6% - ¢ 684% | 98.1% 81.2%
LDGT2 | 87.9% | 1000% | 466% | 985% | 97.7% | 73.0%
Weighted | g1 300 | 973% | 799% | 867% | 959% | 8L6%
_ Average T _ " 7° .
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* Percent of IM240 (Final Standards) excess emissions identified was determined using the 835 vehicle
sample. Data normalized to Arizona 2% randem sample fleet distribution data, July 1997 to March
1998.

As expected, the table shows that HC and NOx 1dent1ﬁcat10n rates are significantly ower
with the IM147 Max CO cutpoints relativé to ﬁnal TM240 standards. This is due to the .
fact that the Max CO cutpoints are designed to maximize the CO benefits of the program
at the expense of HC and NOx benefits, while keeping maximum failure rates in each
cutpoint category to acceptable levels. The CO identification rate of 95.9% (with the -
algorithms enabled) shows that the Arizona’ program will achieve nearly all of the -
modeled benefit of the final IM240 standards ‘Note that this will be substantially more more
effective than the current phase-in TM240: standards “The table ‘also shows that the -
addiiion of the integrated algorithms results in little more than a 1% reduction in the
excess emissions identification rate for'CO. (As‘noted dbove, the addmon of the

' algonthms reduces dynamometer test time from 217 to 90 seconds | :

As discussed above, the analysis results preserited in the teport are based on a relatively
small sample of IM147 and IM240 data. While the available data are significantly moré
robust than the previous sample of 300 vehicles, it is clear that these results should be
revisited with a much larger sample once M147 test:ng is initiated in Arizona, We
therefore recommend that @s Soon as ong to two months of IM147 data are collected i in
the program, they should be used to verify the validity of the cutpomts and algorithms
developed in this study. This foiiow—up analysas would allow for any reqmred ﬁne~tumng
of the cutpoints and a.lgontbms R : _ .
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3. INTROBUCTION .

Under the Clean Air Act Amendments of 1990, metropolitan areas with the most serious
air quahty problems are required fo 1mplement so-called “enhanced” /M programs. One
element of an enhanced program is a.more- eﬂ:’ectWe test procedure than the smple idle -
tests used in “basic” I/M programs. Two different test procedures for exhaust emissions
testing in enhanced programs have been approved by EPA:. the “TM240" test, and the-
“Acceleration Simulation Mode” (ASM) test. Both of these procedures have been shown
to be capable of separating vehicles with excessive exhaust emissions from other
vehicles; however, the accuracy of the test depends on whether tested vehicles have been
adequately preconditioned and whether the speed-time profile ﬂSSOGlath with each test
procedure is closely followed. With either procedure, the efficiency of the testing process
depends on how quickly accurate decxsxons can be made. asto whether a vehicle should
passorfall . . o S W .

Inadequate precondmomng of vehm}es prior to testmg isa potentlal cause of maccurate or
inconsistent test results because exhaust emission levels depend on how. thoroughly a
veh.lcle has been warmed up. Before the vehicle is. thorough.[y warmed up, high - . _
emissions can be caused by air-fuel ratio ennehment Of an inactive: catalytlc converter In
addition, increased emissions due fo purging of loaded canisters may also be an issue
associated with inadequate preconditioning prior to I/M testing.

Inadequate vehicle preconditioning has previously been identified as a cause of false
failures in I/M programs. Under current EPA guidance, IM240 preconditioning
procedures are woven into the “two-ways-to-pass” standards. Vehicles that exceed the
emissions standards establislied for the entire 239-gecond test are passed or failed based
on emissions occurring during the last 147 seconds of the test (also called Phase 2 or the
IM147). The separate set of standards that applies to Phase 2 is slightly more stringent.
For vehicles that initially demonstrate high emissions, the first 93 seconds (Phase 1) of
the test are used to precondition the vehicle for the second phase of the test. In addition,
EPA calls for a “second-chance” test whenever a vehicle fails the initial test by less than
50% of the standard and was in a queue for more than 20 minutes before being tested.

Previous EPA and DEQ Analyses - Considerable data have already been collected
regarding the preconditioning requirements for IM240 testing, During 1996 and 1997,
Sierra conducted evaluations of this issue using data obtained from samples of vehicles
recruited from IMI240 lanes in Phoenix, Arizona, and a laboratory test program at Sierra’s
facilities in Sacramento. The results of the 1996 analysis were reported in SAE Paper No.
962091.3 The 1997 evaluation also included an analysis of the effeci on test duration of
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adopting EP A-recommended “final” IM240. cutpomts Prehmmary conciusmns from the
two evaluations are summanzed beiow e

1. Usmg the cun'ent IM240 test procedu.tes, 11: is. esilmated that 25% of the o
vehicles fa:]mg the ﬁnal [[\4'.[240 standards would pa.ss w1t|1 further
'..precondmonmg PR ER o

2. Vehicles that Wbuld benéﬁt from ﬁ_lrther pfécoﬁ&imoﬁjng can be identiﬁécl R

3. Two possible approaches to modlfymg the current precondmomng ptocedures
_wouldbeto L _

a. retain emsﬁng IM240 test proceclure ancl two-ways-to«pass standards w1th
the entire IM240 to be repeatecl if the Phase 2 emissions failure is marginal,
emissions near the encl of Phase 2 are relatively low, or emlsswns during

. Phase 2 are mgmﬁcantly lower thml durmg Phase Lor. S

b. ehmmate Phase 1 ancl mnke the untlal pass/fall declsmn based on running -
‘only the IM147, with a second-chance test (another IM147) for all vehicles
that initially fail, and a third-chauce IM147. test if emissions during the -~

second-chauce test are significantly lower thﬂn emissions dun.ug the initial

4. _Acloptloﬁ of final .cutj;'_.)'t.)mfsl ancl ﬁio}é:éff'éc.hve précﬁhmhbmng procedures
involving a second full-IM240 (Option 3.a..above) will increase the portlon of
the test. Invoivmg dynamometer opera.hon by TNOre than 100%

The 1997 évaluation also involved the develop_ment of 'meroved M40.fast~pass-
cutpoints using a modal regression approach originally ploneerecl by the New York
Department of Environmental Conservation (NYDEC).* This study also involved the
development of modal predictive IM240 retest algonthms designed to minimize the-
fraction of vehicles either (1) identified as needing a retest when they would still faﬂ or
(2) not Identlﬁed ag needmg aretest when they would have passed if retested. :

As a follow-up to the 199'? evaluatlon for EPA, Sierra subsequently conducted an analysis
(SR98-05-01) for the Arizona Department of Environmental Quality (DEQ) of the effect
on failure rates, I/M program benefits, and test duration of the following chariges fo the
current IM240 procedure: (1) implementation of the Option 3.b preconditioning
procedures summarized above; (2) adoptlon of interim (“Max CO”) cutpoints designed to
maximize the carbon monoxide emission reduction benefits being achieved by the
program; and (3) the exemption of exther the first four or first five modei years from
program requirements. S : :
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To analyze the IM147-only preconditioning option, Sierra uised a combination of data
from the 2% random test sample (consisting entirely of full-duration tests) that is
routinely collected in the Arizona IM240 program and a limited number (101 tests) of
triplicate (back-to-back-to-back) IM147 tests that were conducted as part of the 1997
EPA evaluation. A key element of the amﬂysw methodojogy mvolved the development
of “Phase 2b” cutpoints to complement the full IM147-only cutpoints. (The Phase 2b
cutpoints were applied in a manner similar to the current IM240 procedure in which
vehicles passing in Phase 2 are considered 1 passing for the entire test) Fast~pass cutpoints
for both the entire IM147 and Phase 2b were'also developed. =~ -

As noted above, while the 1997 EPA study involved the analysis of a considerable
amount of IM240 data, only a small subset (101 vehicles) was of use in projecting credit
levels and test times for an IM147 test program. An additional concern is that the 101-
vehicle study was not specifically designed to determine excess emission identification
rates and SIP credit levels. As arvesult, EPA issueda follow-up work assignment to
Sierra in 1998 that involved the ¢ollection of test data from triplicate IM147 tests
followed immediately by a full-duration V240, Data were collected from 304 randomly
selected light-duty cars and trucks arriving at the test lane during norrual queuing
conditions. These data were then analyzed to verify the preliminary excess emission
identification rates and average test tinie estimates’ pro;ected for the Anzona IM program
from the Phase 2 a.nd IM240 clata sets collected in prevmus studles '

As part of the 1998 study for EPA, Jmproved fast-pass and refest algonthms for the
IM147 were developed using the same approach used previously in developing similar
IM240 algorithms; however, the cutpoint scenarios evaluated in the study-did not include
the Max CO cutpoints previously-developed for DEQ. Given Arizona’s need for the
maximum feasible CO reductions from its /M program; DEQ has decided to implement
this set of cutpoints. A follow-up study is therefore needed to develop improved fast-pass
and retest algorithns for the Max CO IM147 cutpoints. Gordon-Darby collected
additional test data from roughly 3,000 vehicles in the Phoenix area that can be used in
this. analyms {Of these vehicles, approximately 2,500 received triplicate IM147s only; the
remaining 500 ve}:ucles will receive tnphcate ]1\41475 fo]lowed by a smgle fuil-duration.
IM240. :

F Speed Variation Crltena An addmonal IM147 implementation issue was the lack
of allowable speed variation criteria for the shortened drive trace. In addition to-the false
failures caused by inadequate preconditioning, madequate ‘control over vehicle operation
during the TM240 test procedure can contribute to inaccurate results. The ability of a -
driver to follow the IM240 speed-time trace ‘has asignificant effect on the emissions
recorded during the test. To Im:ut ﬂlIS vanatlon m test results, tolcrances are applied to

driver performance

In the 1997 m40~related evaluauon for EPA (SR98 <02 01) Sierra developed improved
speed variation critetia based on the total Positive Kinetic Energy (PKE) change per mile
traveled during the IM240 cycle. These criteria were designed to minimize the variation
in emissions while still being feasible for use by minimally trained drivers with a
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reasonable aptitude for dynamometer driving. :However, only IM240 drive cycle criteria
were developed in the 1997 study.. Therefore, further anajysxs was needed to develop
similar speed variation criteria for the IMM’? S S

»COPE

“To address the issue of madequa:te precondmomng \mthout eompromlsmg test throughput
excessively, Arizona decided to.change its test provedure to the' V147 béginning
January 1,2000. This program upgrade: will also:include implementation of the Max CO
cutpoints previously developed by Slerra, whlch are des:.gned to maxumze the CO
beneﬁtsoftheprogram Pt R S .

Ta ald in this nnplementat:lon effort, EPA Issued a work a.ssxgnment (#1 08) fo S1erra. to
develop the necessary test ctiterfa.. Under Work Asmgnment 1 08 Slerra is to complete
the foﬁomng tasks:

1. Develop projected IM147 failure rates for the Arizona I/M program using the
~ 3,000-vehicle data set currently being collected by Gordon-Darby. This =
evaluation is to mciude start—-up, n:udpomt, Max CO -and: ﬁ.nul M147 cutpomt
© scenarios.. '

2. Develop modal IM147 fast-pass standards for the Max CO cutpoints using (a)
the modal regression technique used in the 1998 EPA. study to develop IM147
fast-pass standards, and:(b) the 3 000—veh101e data set and the 304»vehleie data
set eoIIected in 1998 '- _

3. Develop moda.l predactWe Bvil 4‘? retest a,lgonthms for the Max CO eutpomts
using (a) the same technigue used:in the 1998 EPA study to develop IM147.
retest algorithms, and.: (b) the 3 00 Onvehlcle data set a.ud the 304~Vehlele data set

col]eeted n. 1998

4. Develop modu.l Hv£14'? fast-faﬂ crltena that can be used to termmate retests if
emissions performance is not improving dunng the retest '

5. Develop fast-pass and full-duration PKE criteria for the IM147 start-up,
midpoint, Max CO, and final cutpoints using the 3,000-vehicle and 304-vehicle
data sets, as well as the 16, Sﬂl—vehlcle data set from the 199’7 study of IM240

PKE limits for BPA, | -

Seven different tasks were proposed to accomplish these objectix;es.

Task 1, Test Plan Development and Data Collection Agsigtance - This task covered
working with Gordon-Darby in its efforts to collect the test data needed to complete the
remaining tasks. Data collection, driver participation incentives, and other program-
related details were performed vnder the guidance of DEQ and Gordon-Darby and were

-20-



not Sierra’s responsibility. Sierra provided assistance on an as-needed basis to resolve
any problems or questions (e.g., regarding test’ protocols data record format, etc ) that
developed during the data collection process in Arizona. -

Task 2. Failure Rates - After completion of the vehicle testing described in Task 1, Siera
analyzed the resulting data. Using the same approach as uiilized in the previous EPA and
DEQ studies, projected IM147 failure rates-were-developed for both passenger cars and
Hight-duty trucks. Sepa.rate projections were generated for the: start-up,: n:udpomt Max’
0, and final IM147 cutpomts developed under the prewous analyses e :

Task 3a Fasthass Cuggomts - Data obtamed mTaslc 1as weli as the 304-veh101e IM147
data set collected in 1998 were analyzed to develop fast-pass cutpoints and algorithms
associated with the Max CO cutpoints:. The same approach previousty used to develop -
fast-pass cutpoints for the other cutpomt scenarios (i.e.; start-up, mldpomt, and ﬁ.nal) was
followed in this analysm :

Slerra developed fast-pass cutpoints and algorithms for the Max CO cutpoints, with
minor adjustments to the model year groups when the data indicated that such a change
improved accurate emission identification. . Separate sets of fast-pass.cutpoints were
developed for these new model year groups and vehicle classes as-contained in EPA's
IM240 test guidance.

The jmpact of the resulting fast-pass cutpoints on average dynamometer test time and
excess emissions identified was evaluated using the same techniques as in the previous
analyses Excess emissions identified will be expressed as the percent of excess
emissions that are 1dent|ﬁed relatlve to those xdentlﬁecl on l‘he IM240 tf:st

Task 48 Retest Algontlun§ The same data used in Task 3 were: a.nalyzed to develop retest
algorithms agsociated with the Max CO:cutpoints, “While this task originally charged
Sierra with utilizing the same approach previously used to develop retest algorithms for
the other cutpoint scenarios (i.e., start-up, midpoint, and final), subsequent comments
from Gordon-Darby resulied in alternate retest algorithms.  The impact of the resulting
retest algorithms on average dynamometer test time was-evaluated using the same
technique as in the prevmus analyses

Task 5 Fast—-Fall Cmterla The same data used in Task 3 were analyzed to develop
criteria for evaluating mid-test emissions during IM147s in order to determine whether
emissions performance is improving during the retest. The resulting criteria were
structured to “fast fail” vehicles that are not benefitting from such retesting. The impact
of the resulting fast-fail criteria.on average dynamometer fest time was evaluated usmg
the same technique as in the previous analyses. g _ :

Task 6, Driver Variation Criteria - The same data as used in Task 3 were analyzed to
develop fast-pass and full duration driver variation limits for the IM147 start-up,
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midpoint, Max CO and final cutpoints,” The analytical approach used in the 1997
analysis was initially followed; however, subsequent results led to the development of an
improved variation metric, Cumulative Positive Power '(CPP) ‘Consistent with the
approach used in the previous analysis, the-evaluation was structured to develop CPP
limits designed to keep the effective abort rate due to drive trace violations to less than
3%. The impact of the resulting ¢ cntena on-average: dynamometer test time was also
evaluated.

Ql:gi_ammgﬂ_h@,&pp__

Follovnng this mtroductlon, Sectlon 3 descnbes data collectlon and the data sets used
throughout this study. Section 4 explains the cutpoint analysis including the revision of
the Max CO cutpoints using the larger data sample; it also: details failure rates for the: -
Startup, Intermediate, Final, and Max CO standards. Section S describes the optimized
fast-pass and retest criteria. In addition, it details the new fast-fail-algorithm and: cntena
as well as the net results of optimized criteria when run simultaneously. ‘Section 6-
describes the new CPP driver variation limits and Section 7 integrates the CPP Iumts with
the optimized IM147 to show the net efféct on test time. Section 8 lists the references

. cited in the report. .

*The original workplan called for this latest analysis to use the 16,58 1-vehicle daia sef from Sierra’s 1997
PKE study for EPA (SR98-02-01); however, as explained later in-this report, a “time realignment” (of
emissions versus vehicle speed) was incorporated into the analysis, which made use of the previous data
probiematic. It was determined that the effort required to adjust the data could not be justified in terms of a
significant increase in the accuracy of the resuits; thus, it was decided not to use these previous data.
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Data used in this study are divided into three distinct groups consisting of 304,543, and
2,518 vehicles. Vehlcles n each of the groups were gwen three conseeuhve IM147 tests
regard.less of the result - - .

The 304~vehlcle sampIe ‘was collected by Gordon Darby for Task 1 of Work. Asmgnment
SR99-10-02" at the Gordon Darby I/M lanes in Phoenix, Arizona, during March 1998.

The data included 193 cars-and 111 hght—duty trucks tested OVerT tnphcate ]M147 tests
followed by a full IM240 test as ﬂlustrated m Figure 3 1

Figure 31

Test Sequence Used to Investigate Triplicate IM147 Tests in Arizona Test Lanes
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For this set, the study i mspector would select vehicles by scanning the queue for the
closest white vehicle waiting in the lanes. . If there were no white vehicles in the queue,
the inspector would look for the palest, closest vehlcle waiting in the lanes. The inspector
approached the first 1981 or newer vehicle following that vehicle, checked to make sure
the vehicle had at least half a tank of gas, -and-agked the vehicle.owner if he or she was
interested in participating in-a study that would take approximately 30 minutes, for-a
payment of $50. The selection process resulted in vehicles waiting in a queue for
approximately 5 to 15 minutes prior to testing, Most of the vehicles participating in the
program were receiving theirinitial test; hoWever 12 vel:ucles i the database Were bemg
re—testedafteranmltlalfmlmgscore S TEE ETEEEA

As dlscussed in SR9 9u10 02 four vehwles were: pulled out of the ongmal 304 vehlcle
data set due to anomalous results, Forthis study, while Sierra did find some vehicles with
anomalous results in the newer data samples (e.g., passing the initial IM147 yet grossly
failing the final one), these vehicles were not removed from the sample, with the data set
instead being viewed as representative of the in-use fleet. To remain consistent regarding
the treatment of data from the older sample, however, the same four vehicles were:
removed for tlus analy51s The four vehxcies are descnbecl beiow :

. -Record 14, a 1988 Pontlat_: Bomleviﬂe, 'had relanvely Iow CO emissions duriug

* the first and second IM147 test (1.35 and 3.42 g/mi, respectively). However,
CO emissions during the third IM147 increased substantially (to 55.72 g/mi)

- and were higher still. during the TM240 following the IM147 testing, Itis-
interesting to note that CO was emitted in' measurable quantities throughout the
test, and the large increases are not attributable to a specific section of the trace.

It thus appears that the gradual emissions-increase could be attributable to
excessive purge as the vehlcle Warmed up or o some. kmd of catalyst
protectlon scheme S SRR :

= Record 15.,'a 1-9_8 9.-Dodg_e Dynasty, had moderate CO-emissions during the first
three IM147 tests (14 to 18 g/mi), but ernissions during the IM240 test were
excessive, particularly during the end portion of that test {106 g/mi).
Reviewing the modal CO-emissions in Figure 3«5, one-observes that the vehicle
appears to go-into open-loop-operation at the start of the large hill of the end
portion of the test (i.e., beginning at about second 160 of the IM240).
Although CO emissions accrue throughout this test, the penod from 160 to 230
compnsos the bull-: of the emissjons.

e _Record 23, a 1993 Ford Ranger, shows a very smmlar emissions response
throughout the three IM147 tests. 'As seen in Figure 3-6, most of the CO - _
emissions occur during seconds 62 to 75 of the TM147. During the end portion
of the IM240, a similar pattern is observed. In that test, however, substantial
CO is also emitted during the high-speed portion of the trace, I is not entirely
clear what has caused this, but it appears that the vehicle did not follow the
speed-time trace as smoothly during the end portion of the IM240 as it did
during the first three IM147 tests. '
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*+ Record 24, a 1995 Toyota 4Runner, had decreasing emissions throughout the
first three IM147 tests, emitting only 0.72 g/mi CO during the third TM147.

After these vehrcies were removed, the remammg sampie from the ongmal data set
consists of 191 cars and 109 trucks for atotal of 300 vehrcles : o

The 2,518~ and 543 -vehlcle data sets were. col,lected for tlfus work: asmg;nment by Gordon
Darby at the ten I/M lanes in Phoenix, Arizona during June, July, and August 1999. Like
the original data set, these tests were conducted at the I/M lanes in Phoenix, Axizona. -

Unlike the original data set, however, all motorists were asked to participate in the study, -

rather than simply those following a white-colored vehicle in the queue. The exception to
this occutred toward the end of the testing when Gordon Darby staff, based on direction
from Sierra, targeted certain vehicle model years and. vehrcle types to ensire. that these
groups were. adequately represented in the test data. _ .

The main dlfferenee between the 2 51 8- and 5 43~vehmle samples was admmrstratron of
the IM240 test at the conclusion of the IM147 test. For the 2,518-vehicle sample, only
failing vehicles were given the IM240 test. In the 543~veh1ole sample all vehrcles were
given the IM240 test. regardless of then M147 resu.lt g

Motorists were. not requlrcd to partlolpate in thrs testmg To encourage motorists to
participate, inspection fees were waived for these tests. Inspection fees amount to $25
per inspection.. StatISthS detallmg the number of refusals were' not kept

As prevrousiy mentioned, an.omalous vehlcle test data were not thrown out of the laiter
two samples. There was, however, one vehicle identification number (VIN), “123456,”
that appeared multiple times with different vehicles. Gordon-Darby staff confirmed that
this was a test VIN and should be excluded from analysis, which was done. Once this
VIN was removed, the larger sample comprised 2,512 vehicles (1,360 cars and 1,152
trucks) while the- smaﬂer sample comprrsed 535 vehmles (229 cars and 306 trucks)

The- model year d:lstnbuhon for eaeh of the samples is shown in. Figure 3-2 The YTD
(year-to-date) October 1999 line represents-the initial test for 2% random sa.mple vehicies
tested in 1999 through October Anomalous vehicles- have been removed.

For the most part the model year dlsmbutlon of the data samples mirrors the random
sample distribution reasonably well. ‘One notable exception can be seen with newer
model year vehicles for the 300-vehicle sample. . When that data set was collected, mode}
'year exemptions for the five newest model years were not in place. As-aresult, this
sample has greater representation throughout these years. The newer data sets were
collected with the model year exemptrons in place therefore, they follow the 1999 YTD

random sa.mple more oIosely

One 1mportaut drﬁ'erence in this study versus prevrous studres was how tlme—ahgnment
was handled. For the previous studies, individual channels (HC, CO, etc.) were aligned
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according to their T90 response times. The T90 response time is the length of time
necessary for the analyzer to see 90% .0of a positive step change in the gas concentration
that was introduced at the exhaust collection cone. By correcting for response time,
emission events can be linked to the corresponding drive trace event.

The justification for T90 time-alignment centered on the response curve of the gas bench.

" Typically, the response curve for a bench will appear somewhat asymptotic; as the
measured gas value closes in on the actual value, the absolute rate at which the measured
value approaches the target value decreases. As a result, the T90 time, which is relatively
short, becomes a good approximation to time an event. '

Unfortunately, the response time measurement of the analyzer is composed of two
elements, gas bench response time and transport time, which is the amount of time
necessary for the CVS {Constant Volume Sample) blower to transport the sample from:
the collection cone to the gas analyzer bench. This second response time element,
transport time, obscures the gas bench response curve through gas mixing that occurs
during transport.
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Noting this effect, Gordon-Darby staff; after reviewing the raw data, suggesied that the
T90 time alignment overcompensated and thus caused short-duration emission events
during a transient cycle to.appeat fo. precede: the: tnggenng speed event. Given the
interaction of the fransport time: mth the bench: response time, Gordon Darhy suggested
that a more appropriate ahgnment measute is TS50 response tnne which would be more
conservative and alleviate the aforementmned problem '

To accommodate this chauge al} the existing d.aia whmh were previously aligned using
T90 alignroent by Gordon Darby, had to berealigned to T50 response times. This
included data collecied specifically for this.study. Per Gordon-Darby staff, this change :
required shifting data for each of the channels (HC, CO, NOx, and CO,) four seconds.
later relative to the speed signal. This was accomplished by adding four seconds of data
fo the front of each test, in: whmh it was assumed that the modal emissions for the entlre
period were identical to those 'measured dunng the “previous first second” (i.e., now "
second 5) of the test. Thig’ assumptlon is conszdemd reasonable since the vehlcle is at idle
during this entire. perlod - : -
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4. IM147 CUTPCINT ANALYSIS -

This section of the report discusses the application of the IM147 Max CO cutpoints to the
3,347-vehicle data set. Divided into three parts, the section first discusses changes in
overall IM147 test time. The second part:of the section addresses revising the Max CO
cutpoints originally developed in SR99-10-02" based on the large data set now available.
The third and final part of the section details the failure rate when these revised cutpomts
are applxed to the 3,347-vehicle data set.

IM147 Test Length

Sierra originally developed the IM147 test cycle based on the last 147 seconds of data
from the IM240 drive trace. (Figure 4-1 shows the speed/time profile of the IM147 drive
trace.) Following the precedence EPA established with the IM240 drive trace, this meant
that the modal results of the IM147 test would have 147 seconds of data. In short, there
wereno constraints regarding an odd versus even number of seconds in the: overall test
cycle, nor in Phase 2 of the test cycle.

To sunphfy melementatmn of the IM147 test in Anzona, Gordon Darby, and DEQ
agreed that modal data would be recorded once every two seconds instead of second-by-
second as is done with the IM240. This allows the IM147 cycle data to fit into the same
size record format as is currently used for full duration IM240 tests. As a result, having
an odd number of seconds in the drive trace creates a probiem of what to do mth the odd
second. : :

To alleviate the problem, Gordon Darby suggested that the speed/iime trace define the
boundaries for the test time instead of the actual number of data points reported. In other
words, assuming the first speed/time point is labeled zero seconds, the first modal data
result would be recorded for second 1-and the last for second 146. Phase 2 of the test
would also be revised to start at second 66 {first data reported for second 67) and extend
to the end of the test. Thenet effect of both of these changes is that both the composite

* results and the Phase 2 results will contain an even number of seconds. Since this
addresses the issue of Gordon-Darby’s two-second average ‘data collection with no
apparent negative consequences; Siérra revised the test 1ength. accordmgly Additional
information on the drlve trace is presentecl n: S ectxon 5. '
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Cutpoin it A.ﬁalxsis

Task 1 of the work assignment required projecting failute rates for the Arizona I/M
program using the combined (3,347 vehicles)-data set collected by Gordon Darby. The -
projection includes four sets of emission cutpoints: start-up, midpoint, Max CO, and final
for the IM147 test. Since the original Max CO cutpoints were developed using the 304-
vehicle sample compiled for SR99-10-02, Sietra first revisited these- cutpomts and model
year groupings to ensure thelr accumcy agamst the Iarger data set.- _

Accordulgly, the modei year groupmgs were mo dlfied o av01d anomalously hlgh or low
failure rates for any individual model year/vehicle type combination. . A second objective
in estabhshmg the endpoints of the model year groupings was to ensure that changes in
emissions coutrol technology were propetly reflected in the various model year
groupings. (There is an obvious and direct 1eiat10nsh1p between the control technoiogy
installed on a vehicle and its ability to comply with a given set of cutpomts )
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Once the model year groupings were revised; the IM147 Max CO cutpomts were
. developed by regressing the final emissions results f_rom the IM240 test agamst the ﬁnal
' emission results from:the’ Thn'd IMM’? test foreac

this regression, Sierra used only vehicles. from the two of the three data sets where
-vehicles were automatlcally given an’ IM%O test: regardiess of their IM147 test results
(the 300- and 535-vehicle samples). - Because the: thlrd data set: contmned IM240 data
only for vehicles failing:the TM147; ti:us
was therefore excluded from this p
were then used to extrapolate IM147 cot
cutpoints developed prevmlisly n SRQQ
developed for each of three model yearg:rou
regressmn equatlon T

uauon 4 1 1llustrates thc

IMI47 Cutpoint = slope * (IM240 Cutpoint) + Infercept ~ [4-1]

Table 4-1 details the appropriate model year/emission constituent regression coefficients
to be used in the above equation. Coefficients of correlation (r* values) are also shown
for each of the regression equations. As expected, the r* values shown in the table
demonsirate good correlation between the IM240 ‘and IM147 cutpoints. (More detailed
regression results, mciudmg graphmal plots arE. shown in Appendlx F.) The mmode! year
groupmgs identified in this table are not the same.-as the mode] year groupmgs used in the
emission cutpoint tables, which vary dependmg upon velncle type. . . _

Table 4-1
IM240 to IM147 Compoesite Regresslon Equatmn Coefficients
L : Correlation
1 Model Year | Emission o Coefficient
Ga:oup Constituent Slope Intercept (r* value)
‘HC. | 0896620 | 0.110694 0.963
1981-1985 CO | 1020463 | 0858255 0.979
NOx | 1.065128 | 0085613 0978
HC 0.933646 - 0.056509 0.976
1986-1989 -~ COo 0_.__939._96'? : 1.679632 - 0.969
NOx | 1077932 | 0058971 | 0956
HC. | 0963839 | 0026672 0.949
1990+ i ;
CO 1,037836 0.392486 0.840
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’I‘able 4-— R T
_ WO to IMM’? Cnmpos:te Regressmn Equatxon Ccefﬁclents

) NO}{ - 1 102698 0{}48771 0918

Phase 2 cutpomts were developed by regres_ f_hé 7_-fcompos1te test scores agmnst
the IM147 Phase 2 scores. Uhnlike the composite score regressions, however, the - .

equations had to be adjusted to preserve the relations ffbetween composxtc versus .
Phase 2 scores existing in the IM240 test. - utpomts are more rigorous
than the composite cutpomts presumably to mmmze'faisely passmg veh.tcles CAdter
studying the IM147 data, a multiplier of 0.9 was used with the fegression since it
provided additional defense against false failures while maintaining the possibility ofa
Phase 2 pass. The following Phase 2 regression equation (4-2) was used to extrapolate
[M14'7 Phase 2 cutpomts from the IMM’? composxtc cutpomts _

IM147 Phase 2 = 0.9 * (Slope * (IM147 Composite) + Intercepy) -~ [4-2]

Table 4-2 details the appropna.te regressmn co eﬁicxents to be used mth the above
equation, as well as the resultmg 12 values. The by va.lues contamed in the table =
demonstate excellent correlation between the composzte and Phase 2 cutpoints. Unlike
the composite regression coeﬁicxents shown in Tabie 4-1, IM147 composzte to Phﬂse 2.
coefficients were held constant across model years.

" Table 42

_ IM147 Comp osite to Phase 2 Regressmn Equatmn Cuefficlents
Emission Constituent Slope Intercept  Correlation Coefficient
' : ' N U (r*.value).
HC | oso7d08 | 0012886 0.973
co -] 0881965 | -0.569281 0975
NOx_ | 0989412 - | -0.083696 . .0.981

‘Table 4-3 shows the revised IM147 Max CO cutpoints developed nsing both sets of |
regression equations. In two places, the revised NOx cutpoints seem anomalous because
they are actually less stringent for newer vehicles (1989 to 1990 LDGV and 1987 to 1988
LDGT2). As it turns out, these anomalies occurred at or near the regression equation
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breakpoints.” The slight diScOnﬁnuify-téﬁi;s_gd by this. change created the apparent
anomaly. B :

"To apply the ragressiﬁn equations to the model] year groupings, which vary depending upon the vehicle
type, cutpoints for some mode! years were determined using the adjacent regression equation.

-32.



- Table 43"
Revised IM147 Max CO Cutpomts
_ (Composite/Phase Z)
Vehicle Class | ModelYears |  HC | ' CO _ NOx
198182 | 2807205 | 26372042 | 328/2.85
1983-85 2.08/1.53 | 17191313 | 3.28/2:85
LDGV 1986-89 146/1.07 | 1577/12.00 | 275/2.38
1990-95 0.99/0.73 | 12:8509.68 | 2.81/2.42
1996+ 0.80/0.59 | 12.85/9.68 | 2.25/1.93
1981-85 3.70/2.70 31.47/24.47 5.41/4.74
1986-89 | 2.86/2.09. | 25.16/19.46 4.91/4.30.
LDGT? 1 - -
1990-95 1.95/1.43 21.15/16.28 4.46/3.90
1996+ | 157115 | 21.15/16.28 3.36/2.91
1981-85 4.06/2.96 51.88/40.67 6.48/5.69
1986-87 3.79/2.77 | 39.24/30.64 5.99/5.26
LDGT2 -
1988-95 | 2.92/2.13 26.34/20.39 6.11/5.37
1996+ 2.34/1.71 26.34/2039 |  4.46/3.90

Comparison of Failure Rates

After revising the Max CO cutpoints using the 835-vehicle sample, the failure rates were
evaluated using each of the four sets of IM147 cutpoints (Startup, Intermediate, Final, and
Max CO) and the combined vehicle data set {3,347 vehicles). While the IM147 Max CO
cutpoints were revised for this study, the IM147 Startup, Intermediate, and Final cutpoints
were developed as part of SR99-10-02 and are shown in Appendix A.

Table 4-4 shows how the failure rate changed with the different cutpoints for the third and
final IM147. The overall failure rate will be slightly less when actually implemented
since some vehicles will pass and therefore complete the test after an earlier IM147 even
though they would go on to fail the third one if the test was continued. More detailed
mformatlon on the fallure rates is provided in Appendlx B.

This table helps to clanfy the relationship between the four sets of cutpomts The
Startup, Intermediate, and Final cutpoints result in nearly equal HC, CO, and NOx
poliutant-specific failure rates for each.cutpoint category (e.g., the pollutant-specific
failure rates for the startup cutpoints range from.5.7% to 6.5%). Both the pollutant-
specific and overall failure rates increase with increasing cutpoint stringency. The Max
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CO standards, when compared to the final standards, reduce the HC and NOx failure
rates, and instead increase the CO failures, cspecially for light-duty trucks,

Table. 4~4 -
_ Fallure Rates, Third IMM? L _

Vehicle BC n <o NOx OVERALL
Type Fail | Pass |%Fnil | Fail | Pass || % Fail | Fail | Pass |%Fail] Fall | Pass | % Raith
L _ MaxCO Cutpoints o |
LDGV | 114 | 1666 ] 64% | 250 | 1530 {14.0%] 153 1:8.7% | 390 ! 1300 |21.9%)
LDGT1 | 49 | 915 |5.1% | 156 | 808 |16.2%] 94 17.3% | 219 | 745 |22.7%)
LDGT2 | 25 | 578 |4.1% | 63 | 540 1104%] 30 | 573.]50% [ 93 | 510 |15.49
Al | 188 | 3159 | 5.6% | 469 [2878 [14.0%1 255 | 3092.] 7:6% | 702 | 2645 |21.0%]
oGV | 106 {1674 |6.0% [ 130 |1650 | 7.3 9% | 281 | 1499 |15.8%]
LDGT1 | 52 | 912 |Sa% | 33 | 931 |3.4% 6 |50% | 108 | 856 |12
LDGTZ | 33 | 570 {55% | 30 | 573 [s0% | 28 | 575 [as% | 7 | 536 |11.19
All 191 | 3156 | 5.7% | 193 | 3154 | 5.8% | 217 | 3130 | 6.5% | 456 | 2801 |13, 6%][]

' ' “Intermediate Cutpoints o . u

LDGV | 157 | 1623 |8.8% | 161 | 1619 | 9.0% | 196 | 1584 |11:0%] 367 10 J0e
LDGT1 | 80 | 384 [83% ] 53 | o1 [ss5% | 73 | 891 [7.6% | 165 | 799 [17.14
LDGT2 | 40 | 563 |6.6% | 42 | 561 |7.0% | 42 | 561 :{7.0% | 93 | 510 |1savd
AN | 277 3070 {83% | 256 | 3091 | 7.6% | 311 | 3036 {93% | 625 | 2722 |18.7%)
o | Final Cutpoints I
LDGV | 280 | 1500 [15.7%] 240 | 1540 [13.5% | 277 | 1503 |15.6%] 507 | 1273 [28.59
LDGT1 | 120 | 844 [12.4%] 85 | 879 |8.8% | 127|837 |132%] 230 | 725 |2a.8%
LDGT2 | 73| 530 [12.1%] 56 | 547 |9.3% | 82 | 521 {13.6%] 149 | 454 [24.7%)
Al__| 473 | 2874 [14.1%] 381 | 2066 [11.4%] 436 2861 |14.59%] 805 | 2452 |26.7%]

Figures 4-2 through 4-5 show how the failure rate changes as vehicles progress through
the three IM147 tests. Since most.of the increase in failures occurs between the first and
second IM147 tests, it.is reasonable to expect that a.lgonthms designed to shorten the test
would end the test prior to the third IM147, As will be:shown later in the report, this is
indeed the case. Once the fast-pass, refest, and fast-fail criteria are applied, only 162
vehicles out of 3.347 (4.8%) are tested beyond the second IM147.
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Figure 4-3

Failure Rate by Consecutive IM147
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Figure 4-4
Failure Rate by Consecutive IM 147
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Figure 4-5
Failure Rate by Consecutive IM147

-38-

Final Cutpoints
HC Failure Rate by Vehicle Type CO Failars Rate by Vehicls Type
30.0% 25,0%
25.0% 1
5 20.0% - lEmist IM147 B [ st B 147
E 150% . tgsaimiar [l B | |g@2nd IM147
5 16.0% R e - {adre IM147 |
= o 3 ™
5.0% S
0,0% . i '
PC LDTI LDT2 Al LDT: - LDT2 - Al
| WVehicle Typo Vehicle Type
_ NOx Failnre Rate by Vehicle Type - . Overall Failure Rate by Vehicle Type
25.0% L
20.9‘% »-
i - . o
g e - —
£ 160% ) jEISIMIAT 1y e i ist IM147
E . e‘ ':gl'n:digl-ﬁ_ S EIndIMi57
6 10.0% i .3,(5 m-;.;?" ”-*é pE3td IM1 47
| - &
~ 5.0% -
4.0% : z ; :
PC LDT} LDT2 All PC . LDTI LDT2- - Al
Vehicle Type Yehicle Tyfw -7
ik




5. QPTIMIZED IM147 TEST CRITERIA

This section presents the analys:s methodology and results-used 'to develop opt1m1zed
IM147 test criteria. Criteria developed in the study include fast-pass standards, retest
algorithms, and fast-fail criteria. As deseribed. below, ".'ioet of criteria was evaluated in
furn to determme 1ts overall effect on test time and. excess EII].ISSLOI'IS 1dent1ﬁeat10n

Modal Fasthass Standa;rd

M147 fast-pass standards were ongmally deveiope for startup, nndpomt, and final
standards as part of SR99-10-02.! The current study furtheted that work by devetoping
fast-pass standards for the Max CO cutpoints. The fast-pass regression coefficients
deterntined for both SR99-10-02 and the current study were developed using the
methodology described in Sierra Report No. SR98-02-01, 2 “Additional Study of :
Preconditioning Effects and Other IM240 Testing Issues.”. As defailed in that report, the
selected drive trace is divided into segments over which mass emissions for HC, CO, and
NOx are summed. By performing a multivariate linear regression of the modal mass ~
emissions against the composite emissions result, we can determine the coefficients
needed to predict final emissions at inode ends throughout the test. Equation 5-1
illustrates how these coefficients are used to predict emissions.

P240,,_ c,,+ Z {Smx )c;m}+ (M__.x'_En) - [5]

m=l

Where: P240, = Predxeted emissions after compietmg n segments
C, = Regression intercept for equationn:.

n

S = -Regresswn coetfficient for segment m in equatlon n

X = Total emissions over a glven segment m in equation n

M, = Error. multlpher (usually 2 unless: othermse specified)

E, = Brror in regression equationn

n = Equation number (corresponds to the number of modal segments -
completed)

m = Segmént number

After reviewing the proposed fast-pass and retest procedutes deseribed in SR99-10-02,
Gordon-Darby staff expressed several concerns regarding actual in-use implementation of
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that procedure. In response, the workplan developed for the current proj ect indicated that
Sierra would initiate further discussions with Gordon-Darby and evaluate possible -
changes to the previously developed procedure to address these concerns. Spec1ﬁo .
concemns that were voiced hy GordonwDarby staff mclude the followmg

I Insuﬁic1ent number of fast-pass segments SR99 10 02 divides the,
DM 147 drive trace into-14 segments. While the segments in the first half
of the test usually comprise 8 to10 seconds; several segments in Phase 2
of the drive trace are considerably longer '(1'1'p" 10 19 séconds in duration).
Gordon-Darby expressed concemn that extended segments may force
vehicles to be tested longer than necessa.ry pnor oa fsst»p ass.

2. Fast-pass segments contammg an odd number of seconds To. aIlow the
resulting modal test data up to-three possible IM147 cycles to fitinto the same
- size record format as currently used for full duration IM240 tests, Gordon- -
Darby plans to record two-second averages, rather than one-second recordings
as is presently done. To simplify its lane software, Gordon-Darby requested -
that Sierra reahgn. the: segments to agree with the planned ﬁ'equency of data
storage. :

3. Nonalignment of fast»pass segments with proposed retest modes To further
simplify its programming process, Gordon-Darby asked that Sierra tryto
coincide retest mode breaks with segment breaks.

“In addition to simply developing updated fast-pass regression coefficients and retest
algorithms based on an expanded data set, this study addresses the above concemns. In -
response to the first two concerns as well as the test length issue (odd vs. even number or
seconds), the fast~pass se gments have been revised as shown in Table 5-1.

As the table shows, there are now 20 segments ranging from 4 to 10 seconds in duration,
Each segment contains an even number of seconds. Phase 2 of the IM147 now begins at
segment 11 and extends through the end of the test. The test includes 146 seconds of data
(collected starting at second 0 and ending at second 146). . _

When the IM240 segments were originally created as part of SR98-02-01, they were
divided in such a way that segments characterized different modes of vehicle operation. -
Some segments were composed of hard accelerations, while others characterize cruises,
and everything between, including decelerations. While this study re-aligned the
segments with deference to ensuring 4- to 10-second segment lengths divided along even
increments, care was taken to preserve the original intent of the segmentation. Figure 5-1
shows the re-aligned segments positioned against the drive trace.
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Using these revised test modes, Sierra applied the-aforementioned regression method to
the 3,347-vehicle sample supplied by Gordon-Darby. Thirty-ning-distinct regression
models, shown in Appendix C, were developed from these data. ‘Models were created for

each vehicle type (LDGY, L.DGT1, and LDGT2), emission constituent (HC, CO, and
NOx), and phase (composite and Phase 2 only). There are 20 equahons for the composxte
models and 10 equatlons for the Phase 2 models.

After revising the regression models, they were applied to the 835-vehicle sample
(unbiased IM240 sample) to determine how the models would affect excess emissions
identified by the IM147 test. Excess emissions are defined as emissions collected during
an TM240 test in excess of the. apphcable standard for a given vehicle. The IM147 test
receives credit for identifying excess emissions if it fails a vehicle that had excess IM240
emissions. Table 5-2 shows the excess emissions versus test time results when the '
Fast-Pass algorithm was enabled. Max CO.standards were used for both the IM147 and
the IM240, L .

As Table 5-2 shows, the IM147 test with the fast-pass criteria enabled still identiﬁes over
91% of the excess emissions for each of the three _exhaust constituents and still
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o Table 5-2 N
‘Mo deled FastuPass Results
Excess Emlssmns 8. Average Test Time, _
_ NoFastPass _____Past-PassEnabled
Fxcess HC dentified |~ 97.8% |  957%
_Excess COIdenﬁﬁed ' ;_ 96’_._3% o '_ | 92.7%:
Excess NOx ldentified | -~ 954% |  824%
Average Test Tirme 217 seconds o 125 seconds

significantly reduces average test time.”. Without fast-pass enabled, the pass/fail
evaluation occurs only after each IM147 is complete. If the vehicle passes the IM147, the
test would be compiete at that point. If the vehicle fails, another M 147 would be run,
with up to three IM147s conducted on any one vehicle. If the vehicle is still failing at the
end of the third IM147, it fails the overall test. Since each MH’? las't:a 146 seconds, the
maximum time a vehlcie could be tested is 438 seconds :

Without fast-pass, the average test time for the 3, 347—vchlcle sampie was 217 secouds
Once the fast-pass algorithm was applied, the average test time dropped to 125 seconds,
for a reduction of 92 seconds (42%).. This is similar fo the test time estitnate of 121
seconds shown in SR99-10-02' for the final standards with fast-pass.

Table 5-3 details excess emissions identification by vehicle type and model year groups.
Appendix D provides additional excess emission analysis resuits. -:As will be shown latex
in the report, excess emissions xdenhfied mcrease with’ the addmon of retest and fast»fall
alpgorithms. . . _ - _ o

Predictive Retest Algorithms

As with the fast-pass standards, the predictive retest algorithms were developed as part of
SR99-10-02. Retest algorithms are intended to predict whether a vehicle would benefit
from additional testing. .If the algonthm determines that a vehicle that was failing at the
end of the first or second of three IM147 tests would benefit from additional testing, then
the next-IM1 47 would begin. If, on the other hand, the algonthm determines that the -
vehicle would not benefit from additional testing, the test would be terminated at that -
point and the vehicle would fail the inspection.

“Average test time vefers to the estimated time for that portion of the test in which the vehicle is driven on
the dynamometer,
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R . Table 5-3- - S
Excess IM240 (Max CG Cutpoints) En:ussxons Identlfied“
(W:th ami Wlthaut Fast»Pass) S

)  MNoFutPas . | Fast-Pasanahled L
Vehicle | Model [ oo BC | Excess CO E:{c_ess NDIX Excess HC Excess CO - | Bxeess NOx
Class | YO | {dentified | identificd | Identified | ldentified | Identified | Identified
82| WA |76 9000 | WA | 876% | 1000%

3.3;35_” 1000% RUNpey 1000 . 1000% = 9?6% }000%

N 36‘!39':' 100.0% | 998 | 1000 | 992% | 971% T 100.0%
19095 1 99.0% o 863 .| 912 | 967% | 853% | -46.0%

96+ | - NA. | NA - NA Gl NA Y NA | NA

ALL | soen | 948 | 9es | swzw | ssan | soen

81-85°1 785 | 996 | 994 | 785% | 92.0% | 994%

| 88-89 | 100.0 99.0 N3 | 938% 90.8% 713%

| LDGT {9095 | 1000 | 00 - { 1006 | 00% 0.0% 100.0%
9+ | WA | CNIA | 1000 | NA | NA 0.0%

ALL {900 990 | 946 | 834% 91.0% 92.6%

81-85 | 23 1000 | 797 | 923% | 1000% | 79.7% |

: 86-87 | 1000 | 1000 | 27533 | 1000% | 100:0% | 53.1%
LDGT2 | 8895 |  100.0 1000 0 657 | 100.0% 36.2% | 56.6%

| 96+ | N/A N/A N/A - N/A N/A N/A
AL | 961 | 1080 | 658 ) 961% | 952% | 64.5%
Tt [ At [ ovs 1 963 | 954 [ 9sms [ 927 824%

* N/A means that no vehlcles failed the apphcable Ini240 cutpomt wathm this vehicle ciass!mudel year '
grouping. .

In the current study, the workplan called for Sierra to refine the algorithms using the
3,347-vehicle sample and the Max CO cutpoints. The original algorithms predicted test
outcomes using a combination of mass and concentration readings during specific modes
of the IM147 test. In conversation with Gordon-Darby staff, however, Sierra learned that
the suggested retest logic would be difficult to implement. While gas concentrations
.could be determined during the test, it would be far less work if all of the retest criteria”
referred only to mass. Another concern, as previously mentioned, was that the modes did
not align with the fast-pass segments. With these issues in mind, Gordon-Darby asked if
Sietra could find a more user-friendly retest IogJ.c

While Sierra agreed to. _expiorc-altematives to concentration measurement in the retest
procedure, it was not clear that any viable alternatives existed since the justification for
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using both conceniration and mass made sense technically. While mass emission
measurements are useful fo.gauge emission performance rela_tive-to the actual cutpoint,
the concentration measurements provide a:measure of emission performance less affected
by engine load than mass emissions. As a result, emissions.concentration measurements
- seemed especially relevant for measumlg mprovements in engme performance durmg a
-transrent test. o Con : -

* After some expenmentatlon, Slerra settled on:a proceclure that utrhzes the prevxously
determined fast-pass regression coefficients to predict ‘whether a vehicle would benefit -
from additional testing. In short, if the: vehlcle has not fast-passed the inspection by the
end of the 19th segment and the predzcted emissjons fall outside a tolerance level
allowing automatic retest, the emissions result predicted after segment 7 is compared to
the emissions result predicted after segment 19 to determine whether the vehicle
_ emissions are converging on the apphcable cutpoint.. Equa‘uon (5-2), named the
convergence ratio for this study, ﬂlustrates how elmssron convergence on the apphcabie
standard is determmed L - _

S 7+ Comp_,
C’onvergence Rano- i omp._ 5t
Segmenr19 Comp Std

| t5"__2]

Where: Segment7 = Predrcted emissions. aﬁer segment 7 (Comp031te Regresszon)
Segment]9 - Predrcted emissions after segment 19 {(Composite Regressmn)
Comp_Std = Composrte Cutpoint for the speclﬁc emission

i!

Common sense would dlctate that the convergence ratio would be greater than one if the
emissions are convergmg on the cutpoint for vehicles where the emissions are above the
cutpomt A convergence ratio less than 1, on the other hand, might suggest that the
emissions are actually diverging from the cutpoint. . With this in mind, it makes sense that
a conservative decision threshold for the retest algorithm would utilize a convergence
ratio greater than one for the HC and CO channels. In general, emissions of both of these
poltutants reduce as a vehicle warms up. NOx, on the other hand, may actually increase
the longer a ve}ncle operates, so the appropnate convergence ratlo threshold may be
greater than one. :

Tterative sohmons to this equatlon using actual vehrcle data suggest, however, that both of
these assumptions may result in overly stringent application of the retest algorittim, thus
creating unacceptable false failure rates. In short, some vehicles failing for either HC or
CO during one of the early IM147 tests miay go-on to pass a later M147 in spite of the '
fact that their emissions appeared to-be diverging from the cwipoint during the earlier
IM147. Regarding NOx emissions, modal emissions-are even more difficult to predict.
As a result, the convergence ratio was not applied to the NOx channel. Instead, the retest
algorithm predicts NOx failures by simply comparing segment 7 and 19 NOx readings to
the previously mentioned tolerance level. If the readings are greater than the prescribed
multiple of the cutpoint, then the vehicle does not receive a retest.
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Separate algorithms were developed for LDGVS and LDGTs based. upon whether one or
two M 147 tests had been compicted Tnall Cases, a prechcted ernissions score of less -
than the standard (but that does pot trigger a fast-pass) s treated as cause for a retest.
This approach avoids the need to deal with negative convergence ratios, while also
providing maximum potential for vehicles to pass the test. The flow charts shown in
Figures 5-2-th.rough 5-5-show the specifics regarding how these algorithms work.

Unlike the fast-pass algorithms, the error term in the: : : 15 i8S
included when determining predicted emissions for the Segment 7 to Segment 19
comparison, If the error term (which varies between regression models) were included,
the retest procedure would need to be refined for specific regression models in addition to
vehicle types. Without including the error term, LDG Vs can simply be separate from
LDGTs while still maintaining acceptable accuracy.

Table 5-4 presents the results of the retest algorithm independent of the fast-pass

~ algorithm, As shown in the table, the retest criteria eliminate more vehicles after the
second test than after the first test. This is in contrast to the fast-pass criteria, which pass
a disproportionate number of vehicles after the first IM147 when compared to the second
IM147. Given the difference between the two criteria, this makes sense. While vehicles
can pass the test after early IM147 tests without the fast-pass enabled, the only way a
failing vehicle can end the test without the retest algorithm enabled is to run the full
duraiion of the test, As a resulf, the retest criteria on the first IM147 are judged by their
ability to predict emissions on the third IM147 whereas the fast-pass criteria are judged
by their ability to predict emissions on the current IM147, an easier task, The retest
criteria must therefore be more conservative on the first IM147 than the fast-pass criteria.

In addition to listing the point at which vehicles were denied a retest, Table 5-4 shows the
number of false fails as a result of the refest procedure. The criterion for false failing is
quite simple: a false failure occurs any time a vehicle that would go on to pass one of the
subsequent IM147 tests is denied a retest. As shown, there were no false failures.
Despite the conservatism evidenced by this result, average test time dropped from 125
seconds to 96 seconds when the retest algorithm was added to the fast-pass criteria.

Modal Fast-Fail Criteria

One of the requirements of this work assignment was to develop modal fast-fail criteria.
Unlike the retest procedure, which can terminate the test at the ends of the individual
IM147 tests, the fast-fail algorithm can terminate tests during an [IM147 test. Like the
‘retest algorithms, the fast-fail algorithm has the potential to falsely fail vehicles that
would otherwise pass the ingpection in the algorithm’s absence. After looking at the test
data, it was apparent that the data from the first IM147 were too unpredictable to fast-fail
any significant number of vehicles during the first IM147 without also significantly

" increasing false failure levels. While the retest algorithm utilizes almost afl of the first
IM147 data before it makes a decision not to retest a vehicle, the fast-fail algorithm must
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make-essentially the same decision in a smaller amount” of time.  For this reason 1t was
decided that thc fast-faﬂ algonthm would not functmn before the second IM147
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“Figure 5-3
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- Figure5-5

‘Retast Algorithm- During Second IM147 - LDGT1; LDGT2
- Max CO’ Cutpomts

- atar -TES'I_'

YES i NO
: Ve hide Faat Pasges Aﬁer :

Segmant‘lg o

%

NO [. Mode 7 Predicted HC < STD * 1.1
. or j .
| Mode 18 Predicied HC < STD * 1.4

L . | rES
NO dvEs . ' :
” Mode 7 Predicted HG - STD ?12 R .
Mode 19 Predicted HC - STD R

|

N0 ) Mode 7 Predicted CO < STD * 1
or

Mode 19 Predicted CO < STD * 1

s 7 - _ 1 YES
NO : j _ TYEs - .
n Mode 7 Predic_ted-cg «_STD. )0? E : .
Mode 19 Predicted CQ -STD 77 -} S :

3

N | Mode 7 Predicted NOx < STD * 1.2
< ™ : and
S Mode 19 Predicted NOx < STD * 1.2

YES

q- ) ¥

NO RETEST _ - ‘ : RETEST

Note: STD = Composite Standard for the specific pollutant, -~ -

Mode 7 Predicted = Predicted emissions after 7 segmants usmg the composrle regressmn
equations without ermor term included.

Mode 19 Predicted = Predicted emissions after 19 segments usmg the composite
regression equations without emror term included. - _

-51-



Table 5-4
Retest A]gomﬁxm Resnits
o vipev | pery, LDG’I‘2
Complete Tests 1567 N 1730
# of Failures Wlthout : : :'-; L .' o} T .. e -
Retest Algorithm | 327 (20.9% of 1567) 273 (15.3% of 1780)
- #of Correctly Identified . | 5 1o oo R
' FBJ.lIII'GS L | : 245 (749%0f327)h 180(659%0f 273)b '
# Tailing Afier 1 ™47 | o4 (384% 0f245)° | 97(53.9% of 180)°
# Failing After 2 ﬂ\m’?s | 151(616% of245)°j;ﬁ“ | 83(46.1%of 180y
| #ofPassmg.vehiczes-,"_'._f:_._.*J.{ o gk i Lr
Falsely Failed by Retest | 0(0/" of 0(0%of1780)

* “Correctly identified failures” refers {o those, vehicies that were still failing at the end of the third IM147.
® The number shown in parentheses is the number of failures without the retest algorithm.
? The number shown in parentheses is the total number’ of IMI47 Cycle 2 and 3 Failures.

In order to build on work aheady completed for the retest procedure the fast-fail
algorithm for the:secorid IM147 trace evaluates predlcted eniissions after segment 7 of the
drive trace.” To maintain uniformity for lane software pro grammers, the error term was
not included in the prediction of the mode 7 ermssmns smce it was not in the retest

algonthm
The vehicle fast-fails ﬂle second IMM'? 1f any of tho followmg are true:
For LDVs:
Predicted HC after 7 segments>(15x Co'mpos_ito‘ HC standﬁrd)
Predicied COaﬁer7 seg;neots-'.)--(z.z .x cmﬁp-osite'_"c{o standard)

 Predicted NOx after 7 segments > (1.4 x Composite NOx standard)

"1t is theoretically possible to identify additional fast-fails by using the same or different predictive
algorithms at the end of subsequent segments, While Gordon-Darby has expressed interest in this
enhancement in order fo further reduce average test time, the timing of the siudy did not allow this issue to

be evaluated.
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For LDTs:
Predlcted HC after 7 segments > (I 1 x Compos1te HC standnrd)
Predlcted CO after 7 segments > (I 5 X Composﬁe CO sts.ndard)

Predicted NOx aﬁer 7 segments > (1 5 X Composxte NOx standard)

- Using these criteria, 99 trucks and 124 cars are fastnfalled aﬂer segment 7 of the second
IM147. Different fast-fail criteria were used during the third IM147, sitice the potential
for falsely failing vehicles in. subsequent IM147 tests is eliminated.. As a result, the: miodal
. fast-pass algorithm, with a minor modification, can be implemented to predict failing
vehicles. Instead of the errorterm bemg added to the predicted score, as is done with the
fast-pass algorithm, the error term is subtracted.  This. ad]ustment ensures conservative

* emission estimates, which will help to minimize false failures when using the algonthm
Equation 5-3 illustrates the th:rd ]Ml47 fast-ﬁnl nlgorlthm

| pans Gur B ) (Mo x B s

mnl
Where: P240, = Predicted emissions after completing n segments
' C, = Regression intercept for equationn . e :
- San = _Regressmn coefficient for segment m in equatmn n
X,. = Total emissions over a given segiient m in equationn
M, = Error multiplier (usually 2 unless otherwise specified) .
E, = Frror in regression equation n =
n = Equation number (corresponds to the number of modal segments
. completed) L o . o

m = Segment nurnber

Table 5-5 details the resulis of the fast-fail algorithm for-both the second and third IM147
tests, As the number of false failures indicates, the fast-fail criteria were developed with
the intention of minimizing false failures. The resuits shown in the table are also -
deceptive, since they are based on an analysis.of the irapact of the fast-fail algorithm in
the absence of the other test criteria.. While over 600 fast-failures.are shown in the table,
many of these are also subject to the retest criteria, resulting in a much smalley fast-fail
impact when the criteria are combined. In this latter case, the number of fast-fails falls to
roughly 200 vehicles. This effect, combined with the fact that such fails occur relatively
late in the 3-IM147 test cycle, leads to a fairly small impact on average test time. Once
the fast-fail algorithm was enabled with the fast-pass and retest algorithm, average test
time was reduced from 96 seconds to 94 seconds. _
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o= TabieS»S =
_ Il‘astnFaliiAlganthm
| Second IM147 | Thi dmm . False
. Vehicle Class Fast-Failures: Fast«Fallures - Failures
Total ;3 393 6

The next step in the analysw was to mtegrate the Fast-Pass Retest, and Fast-Fail criteria
‘to'determine their net effect, Table 5-6- shows howr average test tlmes and excess
-emissions identified vary by model year range ancl vehxcle ciass usmg the mtegrated
: cnterla -

As you can see, once the retest a.nd fast-faﬂ algonthms were aclded to-the fast-pass
algorithim, excess emissions identification improved. There are two reasons for this:
(1) vehicles that would be falsely passed later in the test are now failed prior to that
‘decision being made; and (2) some vehicles that passed accordmg {o the IMI14’)' criteria
'yet would have failed the IM140 are now falsely faﬂed on the M1 4’7 thus mcreasmg '
IM240 excess emissions 1dent1ﬁcat10n -

“The excess emissions 1denhﬁcatlon rate showu in Table 5 6 is down from the
identification of SR99-10-02, which identified 99.6% of the HC emissions, 98 2% of the
CO, and 99.9% of the NOx with the fast-pass and retest. algonthms enabled. However,
direct comparison of these results may not be relevant for several reasons. -First, the
previous study measured excess emissions captured against the Final Cuipoints rather
than the Max CO cutpoints developed for this study. Second, because fast-fail was
created for this study, it was not included in the previous study results, Third, since the
retest algorithm has been modified as part-of this study, it will have a different effect on
the results. In the previous study, the retest algonthm 1mproved excess emission :
identification by 2.7% versus 1.1% for this study. Lastly, most of the vehicle data used in
this study were collected with the model year exemptions in place and then normalized to
the inspection fleet, based on 2% random sample data collected from July 1957 to March
1998. This skews the model year distribution older when compared to SR99 10-02,.
which used data unbiased by model year exemptions.

Figure 5-6 illustrates how the integrated criteria combined to produce emission results

and final test times, Note that only 7 of the 3,347 vehicles were tested over the full
duration of all three V147 tests.
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Table 56
Companson of Integrated A]garxthms (No CPP) vs, Standard IM147 -
Impax;t on Test Time and Excess IMZ40 messmns (Max CO Cutpoints) Lost

Model __ ' Mean Tast Mean Te.st'g %_.Bxggss_Em;ss_;pus-Idcnnﬁedb
Year Sampie Time Tlmewf_ e et ——
Class - { Group | Size* | Standard® '} Algorithms® | HC -} €O | NOx -
1981-2 | 105 | 2864 Mo | - 876% | 1000%
1983-85 | 228 | 3112 | 1694 . | 100.0% | 97.6% | 1000%
1986-80 | 425 248.4 120 | 992% | 57.% | 100.0%
LDGV- . - .
1990.95 | 952 184.8 783 968% | 853% | 912%
1996+ 0 | 1543, LATL ). _' < -
AL | 1780 2210 1000 98.2% | 933% | 968% .
198185 | 260 | 3066 | 1587 | 78.5% | 973% | 094%
198689 1 222 | 2308 ]  w0es | e3s% | ocusw 1 9o
LDGT! | 1990-95 | 450 1733 59.2 0.0% 0.0% 100.0%
1996+ | 32 1550 | 316 - - ] 100:0%
All 964 | 2219 | 049 | 834w | 926% | 995%
| 198185 | 94 3075 | 1588 o] 1000% | 1000% | 17.2%
198687 | 64 | 2532 - | 1014 | 100.0% | 100.0% | 1000%
LDGT2 | 198895 | - 427 166.5 s42 | - | 0% 44.4%
1996+ | 18 NS BT T R EERE N R e
| At | oeos | o19n1 | 741 | 1000% | 93en | 83a%
| Weighted Average- 1 347 2070 -._.94.{; 7--95.9%- | saa% | srow

Mean fest time standard refers to the average dynamometer test ‘nme w;thout the algonthms enablcd.
This was:determined using the 3,347-vehicle sample e .

‘Percent of IM240-(Max CO} excess emiissions identified with the mtegrated algonthms enabled, This'
was determined using the 835-vehicle sample arid normalazed t0 !he Anzona 2% random sample fleet
distribution data, Juty 1997 to March 1998. : S .
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~Integrated TestResuits
Maximum CO:Cutpoints Without CPF Linits

‘Fast Pasa .
2490 Vahides @
' " 46.8 Ssconds

]
| BVehidea@ | | o - 489 Venldes@ | - L
t4B.0Seconds | 4 | 13208econds |

| 880 Vehiddes .-

g - . )

FastPass | ] ke e ~ Fast Fail
280 Vehicles @ |- ] - 92 Vehldes @
199.8 Seconds A P P e -184.0 Seconds

: Pass oo Fan S

L Avehide@ L <48 Vehides @
29208econds ¢+ . - ] 278.0 Seconds”

CNoDeasn |
t82Venices. |

FastPass RN Fast Fall

40 Vehicies @ St e 115 Vehides @
380.8 Seconds | 1 T e 362.5 Seconds
3 Vehicles @ ] AVehides @
438.0 Seconds | { 438.0 Seconds

TOTAL PASS = 2,802 © o - TOTAL FAIL = 545
TOTAL FALSE FAILURES = 3
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The ongmal mtegrated algorithm results were determmed assuming fast-pass and fast faill
resuits could not be rendered prior to the. fourth segment (i.e., no earlier than Test Time =
28 seconds). This was consistent w1th the procedure established in SR98-02-01,

Gordou»Darby, wishing to further mir tlme requested that Slerra explore the
feasibility of rendering fast-pass and: ast-fail decisions after earlier sepments
without degrading excess emission. 1dent1ficat10n. Unfortunately, simply moving the
decision forward with the existing algorithms, while shortening test time; did degrade
excess emission identification. To adjust for this change, the error mulupher used in the
fast-pass decision needed to be increased to 3 durmg segment 2 and to 2. 5 during segment
3. While the fast-fail algorithm used during the third IM147 aiso uses an error multiplier,
it can be left at 2 during segments 2 and' 3 without increasing false-failure incidence,
Using these criteria, the earliest possible _fast-_-p_asses were moved to the end of segment 2
(i.e., Test Time = 16 seconds) and average testtime was reduced to 90.5 seconds without
sacrificing any excess emissions idenhﬁcanon Excess emissiops identification remained
at 94.4% for HC, 95.4% for CO, and 95. 7% for NOx.

SIP Credit Analysz

The comparison of excess emissions 1dent1ﬁcat10n between the IM240 and IM147 that is
presented above is based on the use of CO Max standards for both test cycles. However,
to develop an estimate of the allowable SIP credit that should be allocated to the revised
IM147 CO Max standards, it is also necessary to compare excess emissions identification
between this scenario and the IM240 with EPA-recommended final cutpoints in place.
This is due to the need to estabiish a link to using MOBILE for SIP modeling purposes.
Configuring MOBILE with CO Max standards is not feasible; therefore, a better approach
is to run the mode! with final EPA standards in place and use the excess emissions
identification rates developed in this study to adJ ust the resultmg outputs.

Table 5-7 shows the excess emissiorn. Idenhﬁc _on raies when the IM147 Max CO
cutpoints are compared to the IM240 final standards, Pollutant-specific identification
rates are shown both without and with the tast-pass, retest, or fail-fail algorithms enabled.
(The latter scenario includes fast-passing vehicles as early as ai the end of segment 2.)
Since Arizona will be implementing the IM147 test procedure with the algorithms
enabled, the identification rates for this scenario are the ones that should be used to adjust
the MOBILE modeling results (based on final IM240 standards) for SIP credlt Ppurposes.

As expccted, the table shows that I-'IC and NOx identification rates are SIgmﬁcantly Iower
with the IM147 Max CO cutpoints relative to final IM240 standards. This is due to the
fact that the Max. CO cutpoints are designed to maximize the CO benefits of the program
at the expense of HC and NOx benefits, while keeping maximum failure rafes in each
cutpoint category to acceptable levels. The CO identification rate of 97.9% (with the
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algorithms enabled) shows that the Arizona programwill achieve nearly all of the
_ modeled benefit of the ﬁnal IM‘Z40 standards Note that thJs Wj.ll be substantlally more
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o RN Tabie 5='7 _
Cnmparlson of IM147 Max CO Cutpmnts to IMZ@ Fmal Standards
Impact on Excess Emissions Lost*
% Excess Emission Identified % Excess Bmissions Identified
(Without Fast-Pass, Retest, Fast-Fail) (With Integrated Algorithms)
Class HC co . . Nox | HC { €O | NOx
LDGV | 952% 96.2% 84.8% - - 91.9% 95.1% 85.7%
LDGT1 80.5% | 100.0% 70.6% 684% | 98.1% 81.2%
LDGT2 | 87.9% 100.0% 46.6% 98.5% 97.7% 73.0%
ogeel | 913% | 973% | 799% | 867% | 95.9% | 8L6%

% Percent of IM240 (Final Standards) Fxcess Emissions Identified was determined using the 835-vehicle
sampie,

effective than the current phase-in IM240 standards. The table also shows that the
addition of the integrated algorithms results in less than a 1% reduction in the excess
emissions identification rate for CO. : ‘

Need for Follow-Up Analysis

As discussed above, the analysis results presented in the report are based on a relatively
small sample of IM147 and IM240 data. While the available data are significantly more
robust than the previous sample of 300 vehicles, it is clear that these results should be
revisited with a much larger sample once IVi147 testing is initiated in Arizona, We
therefore recommend that as soon as one to two months of IM147 data are collected in
the program, they should be used to verify the validity of the cutpoints and algorithms
developed in this study. This follow-up analysis would allow for any required fine-tuning
of the cutpoints and algorithms.
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In addition to fast-pass/fail cutpoints and retest criteria, trace variation limits were also
developed for the IM147 test. Under Task 6 of the Work Assignment, an analysis
methodology that was used to develop IM240 variation limits under an earlier EPA study?
was apphed to the pilot ]M 147 data to. develop smla.r lumts for the IM147 test.

During the course of the eﬁ'ort, an a.lternate statlstlcal metnc Cumulatl\Je Posmve
Specific Power (CPP), was identified that resulted in better second-by-second variation
limits than the Positive Kinetic Energy (PKE) metric employed in the previous EPA
study. This section of the report describes why the new statistic was selected, and how
IM147 CPP variation limits were developed and evaluated to.ensure they do not produce
excessive test abort rates, It also assesses their individual impact on average
dynamometer test time. (The combined effect of fast-pass/fail cutpoints, retest criteria
and IM147 trace variation limits is discussed in Section 7.)

Before describing the effort perfdfméd under the. curreni Work Assignment, a review of

the existing IM240 tolerance limits and a surmary of the previous evaluation of those
limits are presented.

Existing Tolerance Limits

The prescribed driving cycles for the transient IM240 and IM 147 tests consist of varying
second-by-second speeds ranging from zero:(i.e., idle) t056.7 mph, with maximum speed
changes of +3.3 mph/sec. During actual I/M testing, the dtiver watches a graphical
display of the prescribed or “reference” speed/time irace overlayed with the actual
second-by-second trace as it is being driven as an aid to following the reference trace and

anticipating upcoming speed changes. (The visual display also indicates prcscrlbed shift
points for manual transmission vehicles along the trace.)

Since each vehicle has different performance characteristics, it is impossible, even for

highly skilled drivers, to precisely follow the second-by-second reference trace speeds
during actual “one-time-only” testing. As a resuit, EPA originally developed a set of
speed-based tolerance limits for the IM240 test that defined the leeway allowed to the
driver in trying to follow the reference trace for the test to be considered valid. Those -
tolerance limits consisted of two components: (1) speed ¢ xcgmog limits; and (2) speed
variation limits. Each of these criteria is described below.®
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Speed Excursion Limifs [85.2221 (e) (4)] - Speed excursion limits shail apply
as follows:

(i), The upper limit is 2 mph higher than the hzghest point on the irace within
1 second of the grven fime.

(). T he Iower Izrmr is 2 mph lower than the Iowesr point on the trace within |
second of the given fime.

(#ii). Speedvariations greater than the rolerance.s' (e. g durmg gear changes) are
: acceprable pmwded they occur jbr no- mare rhan 2 second.s' on any accas:on

(iv). Speeds iower rhan those prescr:bed durmg acceZeraﬁons are acceprabi’e -
provided they occur for no more than 2 seconds on any occasion. y

' Speed Variation Lzm:fs 82220 @ ()] S

: (1) A4 Irnear regression of )‘eedback value on reference value Shall be performed on
edach transient driving cycle-for each speed u.s'mg the method of lea.s't squares

- with the best fit equanon hawng the form y mx + b where o
(d). y= :‘he feedback (acrua{) value of Speed
(B). m “—=-rhe s:‘ope-of the regression Ime,- a
(C). x = the reference value; and
(D). b=the yniﬁrercepr of the regression line.
(" i). The standard error of estimate (SE) of y onx shall be calculated for each

. regression line. A transient driving cycle lasting the full 240 seconds that.

exceeds the fol!owmg criteria shall be void and the test shall be repeated:
(). SE=2. 0 mph maximum.

ﬂ?) m= 0 96 - ] 01
(C). r =0.97 minimum. -
(D). b=t 2.0 mph.

Simply stated, the speed exeursion hmlts Tequire-that ve};ncles be: dr:wen vnthm +2 mph of
the reference trace, accommodating for gear changes and other momentary excursions.
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The speed variation fimits, though-a bit more difficult t0.comprehend, were intended to
ensure that speed differences from the reference trace within' the +72 mph excursion lmuts
“envelope” would not bias the. resultmg measured en:nssmns o

However, EPA suspended the use. of the speed vanatlon hm1t3 on November 23 1993
pending further evaluation..: o

Inadequacy of Speed Variation Limits - In 1998, Sierra completed a study for EPA? that
evaluated the ability of the linear regression-based speed variation limits to identify high
emssxons—producmg speed variations; Tt was found that the linear regression criteria
were inadequate in flagging high-emissions speed variations. The reason for this finding
was that the standa,rd error (SE) statistic does not give “appropnate” higher weighting to
speed deviations occurring at the critical high-emission points along the IM240 trace.
Instead, it gives equal weighting. to. all speed variations'and thus (along with the other -
regression statistics used in the speed variation entena) is 1ll~su1ted to Ldennfymg those
speed deviations that substantially affect IM240 emlssxons

Evaluation of Alternative Statigtics - During this study, two altematlve statistical
measures were evaluated for their ability to better 1dent1fy IM240 speed vanatlons that
significantly affect measured emissions: - : o :

1L DPWRSUM’ the sum of absqute changes m speclﬁc power, and

_ (PKE) - the sum of posmve d1ﬁ'erences in kmettc
eﬂefgy per unit dIstance Y

It was found that the PKE statistic: provided a better measure than DPWRSUM for
identifying those speed variations from the reference trace that produce high emissions.
_ This finding was supported by analysis of modal (i.e., second-by-second) speed and

emissions data from a random sample of 16,581 full’ IM240 tests from the Arizona /M
program, It was determined that the high-emission portions of the IM240 test closely
corresponded with periods of acceleration. A examination of both the DPWRSUM and
PKE statistics found that DPWRSUM is increased during both degelerations and
accelerations. PKE, on the other hand, is increased only during acceleration periods.
Thus, the DPWRSUM statistic is “diluted” with speed variations during decelerations
that have little effect on emissions. As a result, the PKE statistic was reasoned to prowde
a befter measure of significant emlssmns«producmg speed variations.

* “Full” tests refer to those run over the entire test duration, regardless of fast-pass or fast-fai] stats.
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Development of PKE-Baged V240 Variation Limits - From this finding, PKE variation
limits were then developed as potentizl replacements to the original regression-based
speed variation limits, The basic approachused:to develop PKE-based speed variation
criteria for the IM240 consxsted of the followmg elements

L, Estabixshmg upper and lower composxte” PKE lnmts for full 240~second tests
from the Arizona data sample; and

2. Scaling these.composite limits based on the cumulative PKE at each second of
the IM240 reference trace to produce ecogd— X«Second PKE variation imuts

Second-by-second PKE vananon hl:mts were estabhshed to ensure thai comphance w1th
the reference trace was maintained throughont the test to minimize. enussmns bxa.s dunng
fast-pass and fast-fail determmatlons o : L .

From ana1y515 of the Anzona data, the PK_E vanatlon hn:uts wele. estabhshed over a ra,nge
expected to produce nomore than a 3% increase in the test abost rate when: apphed asa
replacement for the speed variation criteria, n conjunction with the existing speed
excursion (i.e.. +2 mph) criteria.- '

Under the current study, the randomly collected triplicate Arizona IM147 tests described
in Section 3 were also analyzed to develop IM147 trace variation Hmits. Similar fo the
earlier IM240 study, upper and lower composite limits were first established over the full
duration of the IM147 test. The composite variation limits were then scaled at each
second of the reference trace to produce second-by-second variation limits.

Before the details of how these IM240-developed methodologies were adapted for the
V147 test are discussed, an explanation-of why posxtlve power - was used as a Co
replacement for PKE as the va.natlon limits metric is pr0v1ded :

Use of, Pgsmve Power Ig:_s_teag of PKE Durmg the course-of deveiopmg the Seeond byu
second IM147 variation limits, .a number of tests were.identified for which PKJ-based

variation limits were being exceeded under.périods of deceleration. This was clearly a
problem. As discussed earlier, statistical metrics used to establish variation criteria were
selected based on their ability to-identify high emissions-producing variations that
coincide with acceleration events. Although the composite PKE statistic does. this well
on a cumulative basis over the entire test, it'is less-suited when applied on a second-by-
second basis.

The réason for this can be seen by first considering how PKE is calculated. Over a
traveled driving cycle of distance x, cumulative PKE per unit distance is deﬁned as

follows:
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CSen
CPKE(x) =
Jas
0 [6-1]

The term PP, is referred to as the positive specific power at time ¢ and is given by the-
following equation: PP = :‘,'W ~ (V- )?  whenV, >V, ,
i 0 whenV, £V,_,

[6-2]

By definition, positive (specific) powet” is non-zero duxing acceleration and zero during
cruise and deceleration events. Cumulativg positive power (CPP) is defined as the sum of
positive power at each second f over a transient dnvmg cycle of 7 seconds, or

CPP(T) = ZPP

taf)

[6-3]

Thus, CPP increases during accelerations over a transient driving cycle and yemaing
constant during cruise and deceleration.

Conversely, cumulative PKE decreases during cruise and deceleration because the
denominator in Equation [6-1], which represents the summed distance driven, still
increases while a vehicle is cruising or decelerating, Cumulatlve PKE becomes constant
only durlng periods of idle (i.e., zero speed).

Figure 6-1 illustrates the different behavior of each metric over the IM147 test. Tt shows
second-by-second speed, CPP, and cumulative PKE over the reference trace. Speed (in
mph) is plotted against the left axis. Cumulative positive power and cumulative PKE are
plotted against the right axis (in mph*/sec and miles/hr?, respectively).

As seen in Figure 6-1, CPP either increases or remains constant over the entire duration
of the transient IM147 test. On the other hand, cumulative PKE decreases during both

* Power is literally defined as the rate of change in kinetic energy (or work). Stricily speaking, specific
* power (i.e., power per unit mass) would be calculated by the velosity times the acceleration at time t.
When the change in Kinetic energy is evaluated on a second-by-second basis as defined in Equation 6-2,
instead of as a net change from the heginning fo the end of the cycle, PP, as defined in that equation
approaches the strict definition of positive power.
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deceleration and cruise events, by definition. Furthermore, cumulative PKE can actually
decrease during modest accelerations after the initial portion of the IM147 test. For
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... Figure 6-1. . -
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example, this- pheﬁomenoo can be see.n. at Seeonds 11-14 in Figure 6-1, where the -
reference trace exhibits acceleration from Second: 5 through Second 14 but cumulatwe
PKE begins dropping beyond Second 11. RO : S

Because of this behavior, it was difficult to establish reasonable second-by-second
variation limits based upon cumulative PKE differences between the reference and driven
traces using a s scaling approach similar to that developed under the 1998 IM240 study. -
That approach basically consisted of scaling the ¢composite PKE interval limits _
established at the end of the test by the percentage difference of these lnmts from the :
composite reference value . s e : -

Since the magnitude of critical emissions-affecting deviations during accelerations is
difficult to distinguish from the magnitude of deviations that do not substantially affect
emissions.during deceleration and cruise, this scaling approach fails when based upon
cumulative PKE. The result is that cumulative PKE-based second-by-second variation

limits of a specific scaled interval width will either falsely flag less important deviations
during decelerations or not identify dev1atlons dunng acceleratlons That do affect

measured emissions. -

Thus, two alternatc approaches were cons;dered for estabhshmg reasonable second-by-
second IM147 variation limits:

1. Use ofa bet‘ter—behaved stanstlo such as posmve power in con_]unctlon with.
the basic scaling approach; and : S

2. Deﬁeiopment of separate variat:ion limits for each second using deviation -
distributions (reference vs. actual) at each second compiled from a fult modal
analysis of the test data sample
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Although conceptually appealing since variation Limits are established independently for
‘each individual second, the latter approach would require a rigorous modal analysis just
to develop initial variation limits for each second. A complex iterative process.would
then be required to evaluate these limits over the entire trace and “tune” them in a manner
. that yields an'acceptable overall abort rate. This tuning step would also consider the
relative impact of trace variations at each second on measured emissions, For example, it
~would be desirable to apply tighter trace variation limits- during acceleration. segments that
produce high emissions than during less elmssmns-sxgmﬁcant idling segments.if the -
resultlng overall abort rates (actoss al] segments) can be kcpt at acceptable levels '

In a.ddltlon, 1t is beheved that imposing tlghter mdependently estabhshed second«by-
second trace variation limits would result in.a much greater degree of “re-learning” by the
lane ingpectors as they adjust to the impact of these limits. This re-learning process and
any necessary re-tuning of the variation limits could best be evaluated through an initial
pilot study before being implemented on a program-wide basis. During this pilot study, it
is also envisjoned that different approaches to providing visual feedback to drivers as they
attempt to follow the trace could be evaiuated. For example, this could involve providing
dynamically updated forward-looking “trace envelopes™ or: speeds that gmde the dnver
back toward the reference trace when a nominal exeursmn begms na manner that
complies with the second-by-second variation iu:mts ' :

As a result of the scope of the Jatter approach the first approach wiis selected because it
was believed to substantially overcomethe shortcommg of the PKE-based metric while
being less resource-infensive to apply and test than limits developed from a full modal -

analysxs It should also be noted that using CPP as a rep,lacement for PKE assu.mes that
will be ar i

based vanauog limits. This assumpuon is dictated by the use of a cum ujagv metne in
speoxfymg second-by-second vanatlon lmmts

Development of Comnosxte Vanahon Lmuts Composxte IM147 variation Imms were
generated using a similar methodology fo that employed: in the 1998 IM240 study, except
cumulative posmve power (CPP), rather than cumulatwe PKE ‘was uged as the s‘tatlstmal

metric.

Figure 6-2 shows the distribution of composite (i.e. I47—second) CPP calculated from the
second-by-second actual speeds in the Arizona data sample, e*(pressed as the percent
difference between actual and reference IM147 CPP, -

As the figure shows, actual CPP appears normally distributed, although the median CPP
is-approximately 1% higher than the reference value. To determine how far to go along
the “tails” of the CPP differences distribution to set composite limits, CPP differences
among the test lane drivers in the Arizona data were examined. The basic concept
applied in setting the CPP limits was to identify a significant fraction of drivers who,
historically, could always (or nearly always) run IM147 tests within:the selected CPP

" limits. Given a mixture of ability among individual drivers to follow the reference trace,
Sierra sought to identify the fraction of “competent” drivers who could follow the trace
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more consistently than others when éonduéting*l]\&lﬁ‘tesis for a range of vehicles.  This
subset of competent drivers and tests was used to establish composite CPP limits,

From the Arizona data sample of over 10,000 valid triplicate IM147 tests, records in
Wthh speed excursmns (over il mph ﬁ'om the rt;f_el_'cqce trace) occun‘ed were dlscarded,
CPP variation limits based on the capabﬂxtles o good” dnvers spced excmsxon tests
were removed from this portion of the analysxs ' .

The remaining data sampie was then grouped by individual drivers, one for each of the
231 drivers that were found in the sample ‘Driver groups. conta]mng fewer than 25 test
records were then discarded; this left a total of 1 12 driver | roups, which encompassed
86% of the tests in the total sample'(i.e., before discarding small-sample driver groups).
Composite CPP was then calculated for each test in the remaining driver groups. The
mean and standard deviation of CPP .from the tests mthm ea,ch driver group were also
computed. The driver groups were then ranked by increasing CPP standard deviation and
the top 50% of the drivers (basedon. lowest CPP standa:d dev1at10n) were used {0
compute possiblie composzte CPP cutpomta .

Table 6-1 lists a series of possible CPP cutpomts computed ﬁ:om the percennle CPP

variance among the top 50% drivers. For example, the CPP cutpoints shown for the 2%

- row under the “Top 50% Percentile” column (the third column in Table 6-1) indicate that
96% (100% ~ 2 x 2%) of the tests ﬁ'om the top 50% dnvers had comp031te CPP within

4,437 and 4,949 mph*/sec. ' _ .
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* Table 6-1
Prehmmary CPP Cutpoints (mph’/sec) Based on Top~58% Drivers
' (Sample Size =7,962 'I‘ests) '

Top-50% : Top-50% _ Tl_)p~_§_l}%__ .~ Low-Hud | High-End |  Interval
Driver Driver . Driver . :. CPP ' CPP Width
Lower Tail Upper Tail Percentile .. . (mphPfsec) 1 (mph¥sec) (mph fsec)
0.25% 99.75% : | sem 8
0.5% 99.5% 5,039 o
0.75% 99.25% 5,013 &2
1.0% 99.0% | | 4os7 o osw
20% | oso% | szow | 4 | - oame | sp
3.0% o7.0% . |  £30%. | .. 4459 | 4920 462
4.0% 96.0% £4.0% | 4475 T4903 428

5.0% 905.0% | £5.0% 4483 | 4ssr 398

Note that these preliminary cutpemts are not centered about the IMI 47 reference CPP
value of 4,617 mph*/sec (as evidenced by the shifted CPP- distribution shown earlier in
Figure 6-2). To generate a serjes of “ﬁnal” eomp051te limits for evaluation, Sierra
applied the interval widths shown in Table 6- 110 the reference CPP value to produce
“centered” limits about the reference value,

Incremental abort test rates fer each set of centered cutpomts were then calculated based -
on both the entire 9,306 test Arizopa data sample and the top 50% driver subset.. The
results are presented in Tabie 6-2 ~which hsts both “snnpl d “effective” abort rates.

Slmple abort rates represent the fraenen of tests in the sample for wh1eh the eompos1te N
CPP cutpoints would have been ‘exceeded, Effeeh‘ve abort rates were calculated from
simple raies by subtra.ctmg the fractions of emission-pass tests that exceeded the upper
CPP cutpoint and emigsion-fail tests that exceeded the Jower ! CPP cutpomt ‘The idea is
that tests on vehicles that had passing emission scores but were driven with high CPP
should not be aborted. Similarly, tests that failed on emissions despite being driven
below the Iower CPP cutpomt should also be eens1dered valid tests and not aborted.

- Thus, tests should be aberted only when. the upper CPP vanauen lmnt is exeeeded for an
emissions failure or the lower CPP variation limit is exceeded dun.ug a passing test. The
emissions pass/fail determinations used to calculate the effective abort rates shown in
Table 6-2 are based upon the “Max CO” cutpoints developed earlier in the study.
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In addruon to the calculated test abort rates, Table 6—2 also shows the- percentage of -
drivers who are always within the lnmts of each se ) _-_'CPP cutpomts :

Table 62 L i
Centered CPP Cutpemts and Resaltmg 'I‘est Abort Rates

Centered CPP Lumls Bl AbertRates (%) Abert Rates {%) frem _'- . Percentage of All
(mph’!sec) from A}l Tesis O 'I‘ep«ﬁﬂ% Dnver Tests'_: Drivers Within Limits

Top-50% Lower . UPPBI' Intewaij:.__-j__'
Driver ‘CPP |} CPP | Halfs* 3-

_ : < Upper
Percentile { Limit -] Limit | ‘Width |- Rate

Limit -

4025% 4253 |a9m2

HL.75% 40.5%

8.7%.

£10% 4325|4909 [2o21 | 105% | 3% 3] osw]| s 37.4%]|
£2.0% (4361|487 [2559 | wiwdo a2mli el el suses ) 289%
$3.0% 14386 [4848 12309 | 173% | 53%|  89%| 26% | 7176%)  263%

+4.0% |4403  [43831 2142 | 199%] 62%] - 109%]  31%|  MI%!  246%

£5.0% 4,418 |4816 ] 1991 | 226% ) '?2%-_ C132%1 0 3.9% r*-szz%. 2%
i adll IR R R 9306Tews | 7962Tems . | 231Dnvers

Note; Shading indicates the CPP limits proposed for-use by Sierra, and comesponding data. - -

Based on the results given in Table 6-2, Sierra proposes the use of composite lower and
upper CPP variation limits of 4,282 and 4,953 mph®/sec, respectively (shown in the
shaded row in Table 6-2). As indicated in the table, these composite CPP limits are -
expected to increase the (effective) abort test rate by 2.1% relative to that resulting from
EPA’s recommended % 2 mph limits based on available test data. Since the goal of the
analysis was to specify variation limits that kept the abort rate due to these variation limit
violations to 3%, composite CPP limits resulting in only a 2,1% incremental abort rate
were selected. This left some “room” below the 3% target for the impact of also
imposing second-by-second CPP variation limits.

If 'dri_vers are selected based on their ability to perform as well as the best 50% of the
current drivers, then the abort rate would drop to just 0.4%. In practice, it is expected that
the abort rate will increase by less than this amount as drivers “adjust” to the new limits.

Development of Second-by-Second Variation Limitg ~ Using the recommended '
composite CPP limits of 4,282 and 4,953 mph?*/sec, second-by second CPP limits were
generated by scaling the percentage difference of these limits from the composite
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reference value (7.3%) to the CPP caiculated at each secon_d from the reference t:race
 This approach was further modified as descrlbed below o

1. To. prowde dnvers w1th a short penod to “Iearn to drlve each test vehicle,
second~by»second CPP hlmts were not lmposed untll t—30 seconds and

2. To further accommo odate wxder allowabie vamatxons (on a percentage basxs) in
second-by-second CPP at the. begmmng of the transient V147 test, a “CPP
- Multiplier” factor was. apphed that widened the allowed CPP timits ~ .
pro gresszvely from the end of the test to where limits begm at t=30: secends
From its maximum value 'begmnmg at t"30 seconds, the.-‘CPP multlpher factor
- was linearly decreased to a. at: Ini
,the end of the test; the-CP ‘tothe ) i
Furthermore, this linear narromng was apphed m:ﬂy over the aceeleranon :
sections of the IM147 trace, during which the reference: CPP is inicreasing.
~ During cruise and deceleration periods, the hrmt w1dths Were heid constant (as
- the reference CPP also remams constant) ' o :

This latter unprovement to the methodolo gy employed in the 1998 IV240 study,
conjunction with the use of CPP instead of CPKE, enabled second-by-second ™M147 CPP
Hmits to be speclﬁed so variation limit aborts were not ‘falgely triggered during _ :
deceleration and cruise portions of the transient test. Note that second-by-second CPP :
variation limits developed in this manner can $till be exceeded during cruise and
deceleration events, signaling tests that should be aborted. However; falsely triggered .
“anomalous” exceedances that occur from the use of a PKE-based metric are ehmmated
under this modified approach,

Figure 6-3 illusirates this modified second-by-second CPP-based variation Emit concept.

The thick solid line shows the reference CPP over the IM147 test; the thinner- sohd hn.es
represent the lower and- upper CPP Imuts estabhshed as’ descnbed above : :
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These CPF traces are plotted against the left axis. Speed, indicated by the dashed line, is
plotted against the right axis. Note that the CPP limits can be held constant during cruise
and deceleration periods. Thus, variation limit exceedances in. these mtervals are real, -
rather than anomalous artifacts of the statistical metvic. ...

To establish second-by-second CPP variation: limits mduce_dj_ expgctgdrt@st;abqrts
near the 3% target rate, a range of initial CPP multipliers (from 2.0 to 6.0) were.
gvaluated. These initial multipliers specify the width of the variation limits at the starting
point (t=30 seconds) relative to-the composite. mtewa] width.at the end of the test. -For-
example, an initial CPP multiplier of 2.0 means that the starting interval width was 14.6%
(2.0 x 7.3% composite CPP interval width) of the reference CPP trace at that point. -

Figure 6-4 shows the increase in effective abort rate as.a function of varying initial CPP
multipliers. The diagonally striped region represents lower CPP variation limit aborts,
the shaded region above shows upper limit aborts. - Since these abort.events are mutually
exclusive, their sum represents the total expected: effective abort rate from
implementation of the CPP variation limits.

. crulseldeceleration period ~ T

o Flgure 6-3 _
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Based on the ana.lysxs 1esuIts an’ mmal CPP mulnpher of 3.51s recommended for o
implementation in Arizona. Second-by»second CPP varxatlon lm:uts based ou the use uf
tlusmtﬂtlpizerareshownmAppendle BRI S AR :

Using the seChnd»bywseéoﬁd CPP variation hmlts described in'the bi"édediﬁgééétioﬂ, an

Flgure 6—4

" Effect of lnitlal CPP Liinits- Mutﬂpltar on: Effecﬂve 1M147 Abnrt Ratﬂ
: {Sampie Slze 9 SDB) i

EELower Limii Aboris 81Uppar Eimi Aboris i—

Effective Abort Rate (%)

Inltial CPP Limits MuibpHer

analysis was conducted of the impact of these variation limits on average dynamometer
test time, This was a simplistic analysis since it addressed only the singular impact of the
variation limits. (A more exhaustive analysis of the combhined test time impact of CPP
variation limits in con_]unctlon with fastupass fast-fall ﬂ.nd retest decisions is pwsented in
Section 7.) o :

In this simple analysis, the “without imits” or base average test time was assumed to be
146 seconds, the length of a full IM147 test. This assumption was necessitated by the
Arizona data sample, which contained only full tests. The recommended CPP limits were
found to produce a total effective abort rate of 3.4% based on the Arizona IM147 data.
The average time at which the aborts occurred under these Jimits was determined to he
101.6 seconds. . . :

Thus, the “with limits” average test time waé'then calculated as follows:
With Limits Test Time = Base Test Time + (Abort Rate x Average Abort Time)
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= 146 + (3.4% x 101.6 seconds) = 149.5 seconds

It should be noted that this approach also assumes that an aborted test is performed
successfully on the subsequent re-test. Under these assumed conditions, the CPP
variation limits will increase average test times by approximately 2%:{(149.5-146) +
146] _ : SRR _ |



7. INTEGRATION OF CPP VARIATION LIMITS =~

The final phase of this analysis involved ihtégrating the CPP criteria with the other
algorithms included in this study to determine net test time.

As shown in Section 6, there are both high-end CPP errors and low-end CPP errors.
High-end CPP errors occur when the vehicle is driven too aggressively, whereas Jow-end
CPP errors occur when the vehicle is driven too simoothly, essentially minimizing the
peaks and valleys of the irace. Becaunse high-end CPP errors will create additional
emissions and in turn make it more difficult for a vehicle to pass the test, a test where a
vehicle passed in spite of high-end CPP errors is considered a valid test. If the same
vehicle failed because of high emissions, the cause is assumed to be the high-end CPP
error; therefore, the test would need to be extended to-ensure faimess. Low-end CPP
errors, however, would result in lower mass emissions and make it easier for vehicles to
pass falsely. In those cases where the vehicle passes with a low-end CPP error, the result
would be invalid and the test would need to be extended. If a vehicle fails with a low-end
CPP error, the result is valid and the test would terminate. Table 7-1 details which CPP
violations affect which decisions.

Table 7-1

End Test Decisions Affected by CPP Errors

Decision Type | Prohibited by:
Fast-Pass | Low-end CPP error
Retest High-end CPP error

(initiate another IM147 cycle)
Fast-Fail | High-end CPP error
End-of-Test Pass Low-end CPP error
End-of-Test Fail High-end CPP error |

While the above decision types can be prohibited by the corresponding CPP errors, the
error must occur while data for that decision were bemg produced in order to affect the
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decision. In other words, not all high-end CPP errors occurring during an IM147 test

. would necessarily invalidate failing: results nor-would all:low-end CPP errors invalidate
passing results. If an applicable power error occured while data required to make a
particular decision were being collected, then the decision would be invalidated and the
test would continue. Specifically; this-would:appt to: fast-pass and fast-fail decisiors.
For example, if the vehicle’s emis ‘enough to penmit-a fast-pass at
second 40, but there was a low pdw violation at second 34; then the fast-pass decision
would be invalidated and the test would continue. On the other hand, if the first power
violation occurred after second 40 (e g at second 41), then the vehlcle could be fast—
passed at second 40, e L :

In a related issue, the CPP err'or 1s rese't at the 'c'oﬁclum'on of each IM147. As a resuit,
low-end CPP errors occurring: during the first IM147 do not prohibit pass-oriented
decisions in subsequent IM147 tests. The same is true for hlgh»end CPP errors and fail-
oriented decisions. : o

Using this logical framework, the:C] 'anat_mn limits wert applied to the 3,347-vehicle
sample to determine how this algorithm would affect test time, Since the CPP varjation
limits are designed to be imposed in concert with the +2 mph speed limits detailed in the
IM240 guidance, vehicles already failing the =2 mph speed limits were éliminated from
the sample since they would be aborted regardless of the CRP outcome. Of the original
3,347 vehicles, 3, 006 remained after these vehicles were eliminated from the sample.

The flow chart detalled in Flg‘ure 7-»1 shows how the CPP de01310n integrates with the
fast-pass/fail and retest algorithms previously discussed in this report. Note that in cases
where a CPP violation prevented a decision during the third IM147, the vehicle would,
after completing the third IM147, restart the third IM147 again. For the average test time
computation, it was assumed that CPP eI, durmg the third IM147 extended the test
time 146 seconds e :

Given the 3,006-vehicle sample, the .'aﬁefﬁfgé"-t’ést e, with the fast-pass, r_'eﬁt'eSt1 and fast-
fail criteria enabled but without the CPP criteria applied, was 89.07 seconds. Once the
CPP criteria were enabled, 87 vehicles’ tests (of the 3,006 vehicles) were extended,
increasing the average test time by 0.98 seconds (or 1.1%) to 90.05 seconds. This is less
than the 2% increase projected at the end of Section 6, which makes sense given that the
2% projection was made without the fast-pass/faﬂ and retest algorithms in place. The
overall test time reductions caused by the fast-pass/fail and retest algonthms would mean
that fewer errors would be committed. .
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Appendix A

Startup, Intermediate, and Final IVI240 and IM147 Cutpoints



Startup Mdﬁ Cutpomfs ami IIMM'? Cutpamts

(Compesntel?hase 2 Cutpamts in g/zm; M240 - IMI4‘7)

NOx

Model Years e

1981-82  2.00/1.25-2,00120 | _' 60.0/48.0 53_0!300 30-33/12

198385 . | 2.00/125-2.00120 | 30,0 01240 39_0/15{} 30-33n2
1986-90 200125 -2.00/1.00 | 3 _0&40.-30 0100 | 3.0-3012
199193 | 120;'0’?5130;’060 20.0/1610-210/10.0 $25-29/10
1994-95 :'1,'2'0;*0'.755::i_i;_':ébf:o_.sg;."?;'__":2901160 21, 0!100' 1 2si2m0
1996+ (Tier 1) 0.80/0.50- 0:80/0.50° | 15:0/12.0 - 15 /7.0 2.0-2.10.9

o wper |

1981-83 ?50!5 00 670!4 70;-'; f____'wo 01800 95 0!500 7.0-7.6129
1984-85 |- 3.202.00 - 290200 se 0!640 76.0/40.0° 7.0-7.612.9
1986-87 - _'”_3_.20&;_00-2.90;1_.503 | 8. omo 76.0/31.0 7.0-7.00.7
1988-90 3202002290160 | 80, 0!640 760531 3.5-3.6/L3
1991-93 2.40/1.50-2.60/120° | 60.0/48.0-610/310 0-3.4/1.1
1994-95 2.40/1.50 - 24011 20' .60 0/48.0 - 610;‘290' 1 30-3211
1996+ (Tier 1) | 100;0 63- L 060 | 20 0!260 210!100 1 2527
| 'LI"‘JG'm S
1981-83 | 750500670470 | 100.0/80.0-95.0/500 | 70-76029
1984-86 3.20/2.00 - 2.90/200 | 80.0/64.0 - 76.0/40.0 7.0-7.612.9
" 1987 3.2012.00 - 2.90/1. 60 .80,_0{64.-046;0331.0 | 7.0-7.6/2.7
1988-90 ' 3201,00-290/L60 | 80.0/64.0-76.0/31.0 5.0-5.1/1.9
199193 240/1.50-2.60/L20 |- 60.0/48.0 - 61.0/31.0 45-51/1.9
199495 2.40/1.50 -2.40/120 | 60.0/48.0-61.0/29.0 4.5 4.8/1.9
1996+ (Tier 1) 2.40/1.50 -2.40/1.20 | 60.0/48.0 - 61:0/29.0 4.0-43/1.7

"Developed for SR99-10-02




Intermediate YIM240 Cuipoints and IM}A’? Cutpoints Develnpefi in This Study

(Composxte/?hase 2 Cutpamts in: g/mx zm-:m IMIM)

‘VIedelYears HC 3 ' CO . NOx
s :_.hnﬁy.._-_- P " =

1981-82 1.40/0.88 - 140;090. | 4s0860-440m30 232810
1983-85 | -"14010 8 - 140;090; | '_:'-"2"3'-'6}1'3:-0'"‘23"-6)1:2-0 | 232800
1986-90 1400088 - L400TD | 230 0/18.0- 23 o0 | 23 26710
1991-93 100;0 63-1100.50 | 13, 0;140 18, 050" '23 26!09

. 1994-95 | 100;0 63 - mnﬂ)so- | 18.0n4.0- 13 0/90 b 23- 25109
1996+ (Tier 1) '0701045 oaomcm :"'-'13 mmo 15. efso 1 183.2208
| .--L-DGT] R DR

1981-83 5.507.50 - 4.90.40° | 85. 0/68:0 - BLOMO. | - 58-6304
iopass | 240, 50-230/L50 | 60.0/48.0 60, 0800 | 586324
1986-87 | 2.407l. 50- 230{1 20 | 60.0/48.0-60.0260 58 5822

1988-89 | 240150230120 ..600148-0---60-0,*260" 303312
11990 "240!1 50- 230!&20 1 6o0ms.0- 590;'260";  30-3312
1991-93 2.00{.125 »2.101_'.1.00 . '."50 0;40 o 51 0;25 0 2.8 ;3._211.1
1994-95 2.00/1.25 -2.00/1.00 | _'50;0140.0,.--51_9(25,0 | 28-3011
1996+ (Tier 1) 0.90/0.57 - 1.30/0.60 | 17.0/13:0 - 31.0/80 92.2.9/1.0

" L_DG’I‘2 | .

1981-83 - 5.503.50- 490540 | 5. oxeao 81, 0430 58-6302.4
1984-86 2.40/1.50 - 2.30/1.50 .600/480 600600 | 58-63724
1087 240150230120 | 60.0/48.0 - 60.0/26.0 5.8-6.32.2
198890 | 2.00/.50-230120 600/48.0- 6007260 | 43-46/16
1991-93 | 2001252201 o | 50.0/40.0 - s-i 01260 40-4.6/16
1994.95 2.001.25-2.001.00 | 50.0/40.0- 51 025.0 40-4.3/16
1.60/1.00- 200090 | 38.0/30.0- SLO/IS0 3.0-4,1/13

1996+ (Tier 1)

A2




Final IM240 Cutpoints and IM1'47'Cutp0int3'Deveioped in This Study

(Composiie/Phase 2 Cutpoints in g/mi, IM240 - IM147)

Model Years HC _ CO NOx
‘ LDGV | ”
1981-82 0.80/0.50 - 0:30/0:50 - 30.0/24.0 - 30.0/15.0 2.0.-2.3/0.8
1983-85 0.80/0.50 -_0.80,%0.50 ”'-15*011_2.0 - 16,0/8.0 2.0-23/0.8
198689 0.8000:50-0.80/0:50 | 15.0/120 16080 | - 20-22008
1990-93 " 0.80/0.50 - 0.80/0.50 15.6;12,0»15.0;3.0 2.0_»2.2!0.# _
1994-95 0.80/0.50"- 0.80/0.50 15.0/12,0 - 15.0/7.0 2,0 -2.2/0.7
1996+ (Tier 1) 0.60/0.40 -0.80/0.30 10.0/8.0 - 15.0/50. 1.5 -2.2/0.6
LDGT? |
1981-83 3.40/2.00 - 3.10/210 | 70.0/56.0 - 67.0/35.0 4.5-4.9/1.8
1984-85 1.60/1.00 - 1.70/1.00 | 40.0/32.0 - 43.0/20.0 4.5-4.9/1.8
1986-87 1.60/1.00 - 1.70/0.80 40.0/32.0 - 43.0/20.0 4.5 -4.6/1.7
1988-89 1.60/1.00 - 1.70/0.80 | 40.0/32.0 - 43.0/20.0 2,5-2.9/1.0
1990-93 1.60/1.00 - 1.60/0.80 | 40.0/32.0 - 41.0/20.0 2.5-2.9/1.0
1994-95 1.60/1.00 - -1_.@;0.30 40.0/32.0 - 41:0/20.0 2.5-27/1.0
1996+ (Tier 1) 0.80/0.50 - 1.60/0.50 13.0/10.0 - 41.0/ 6.0 1.8-2.7/0.8
 LDGT2
1981-83 3.40/2.00 - 3.10/2.10 | 70.0/56.0 - 6§7.0/35.0 45-4.9/1.8
1984-86 1.60/1.00 - 1.70/1.00 | 40.0/32.0 - 43.0720.0 4.5-4.9/1.8
1987 1.60/1.00 - 1.70/0.80 | 40.0/32.0 - 43.0/20.0 45-4.9/1.7
1988-91 1.60/1.00 - 1.70/0.80 40.0/32.0 -43.0/20.0 3.5-4.0/1.3
1992.93 1.60/1.00 - 1.70/0.80 | 40.0/32:0 - 41.0/20.0 3.5 - 4.0/1.3
1994-95 1.60/1.00 - 1,70/0,80 | 40.0/32.0 - 41.0/20.0 3.5-3.8/1.3
1996+ (Tier 1) 0.80/0.50 - 1.60/0.50 15.0/12.0 - 41.0/7.0 2.0 -3.8/0.9
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© Max CO, Startup, Intermediate, and Final IM147 Failure Rates



Fallure Rafe

Max CO Cutpomts _

L HC .y e - NO%. - f . OVERALL -
V Type | Vail | Pass | % Fail | Fail | Pass | % Fail fra;iii? Pass | % Fail | Pail | Pass | % Fait
—— B __'.:'_"_:"._'-'F‘lrstli‘f{ld'f._% e
LDGY [ 207 [ 1573 | 11.6% | 352 [1428] 19.8% | 236 [ 1544 | 13.3% [543 | 1237 30.5%
LDGTL | 76 | 888. 7.9% 2047 760.| 21:2% |83 | 881 | 86% |28t 683 | 20.1%
fper2 |31 [ 572 | sa% | 87 | 516 | .144% | 44 |'ss9 | 73% |127 | 476 | 21.1%
Al 31413033 ] 94% |643 {2704 | 19.2% | 363 | 2984 | 10.8% 951 2396 | 28.4%
o .. Second. IMM’? o R "
| LDGV |126 | 1654 | 7.1% | 256 | 1524:-] 144% _16;_6___ 1614 | 9.3% | 406 {1374 | 22.8%
fltperi |59 | 905 | 6.1% |167 | 797 | 17.3% | 70 | 894 | 73% [231] 733 | 24.0%
LDGT2 | 24 | 579 | 4.0% | 61 | 542 | 10:1% | 31 | 572 | 51% | 91| 8512 | 15.1%
ANl | 209 {3138 | 6.2% | 484 |2863 | 14.5% | 267 |3080 | 8.0% |728 |2619 | 21.8%

| | T Tmrdadr o ]
LDGV 114 |1666°| 6.4% |250 |1530] 14.0% |'155 1625 | 8.7% |390 | 1390 | 21.9%
LDGT1 | 49§ 915 | 5.1% {156 | ao_s._i:- 162%. 170 {894 | 73% | 219 [ 745 | 22.7%
LDGT2 | 25 | 578 | 4.1% | 63 | 540 | 10.4% | 30 | 573 | 5.0% | 93 | 510 | 15.4%
188|319 | so% |469 12678 | 14.0% |255 {3092 | 7.6% 1702 2645 | 21.0%

Faxlure Rate By Maedel Year Graupmg First IVI147
' Max CcoO. Cutpomts

| | HC 4. €O 1 Nex OVERALL
"V Type | Year |Fail| Pass |% Fail | Fail | Pass % Tail | Tail | Pass |% Fal Fail | Pass | % Fail
81.82 | 19 | 86 |18.1% | 32 | 73 |30.5% | 24 | 81 |22.9%] 55 | 50 | 52.4%
83.85 | 48 | 180 |21.1% [ 108 120 [47.4% | 53 | 175 [23.2% | 144 | 84 |63.2%
LDGYV | 86-89 | 85 | 340 |20.0% | 96 | 329 |22:6% | 87 | 338 120.5% |169 | 256 | 39.8%
90-95 | 55 | 897 | 5.8% [112] 840 [11.8% | 72 | 880 | 7.6% {171 ] 781 | 18.0%

96+ | 0 | 70 |00% | 466 |57% |0 ] 70 |00%|4]é6|57%
81-85 | 38 | 222 |14.6% |100 | 151 |41,9% | 54 | 206 {20.8% |152] 108 | 58.5%
- #6-89. | 22 | 200 | 9.9% | 57 | 165 {25.7% | 17 | 205 | 7.7% | 73 | 149 | 32.9%
et 90-95 | 16 | 434 | 3.6% |38 | 412 | 8.4% | 11 | 439 { 24% | 55 | 395 | 12.2%
96+ |0 | 32 | 00% | o {32 fo0% |1 )3t [31%] ]3] 31%
A1-85 | 18 | 76 |19.1% )44 |50 |468% | 16 | 78 |170% {55 | 39 |585%
_ #6:89 | 8 | 56 [125% 113 | 51 [203% |13 | 51 [203% {27 | 37 |422%
LGt 8895 [ 5 | 422 | 1.2% |30 | 397 | 70% | 15- | 412 | 3.5% {45 | 382 | 105%
96+ |0 | 18 |0:0% | 0] 18 [00% | o |18 [00% |0 |18 | 00%
ALL [314 3033 | 9.4% [643 [2704 | 19.2% | 363 | 2984 [ 10.8% |951 | 2396 | 28.4%
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|

Failure Rate By Model Year Grouping - Second IIVi147

r

Max CO Cutpoints
. H\c e ] NOx OVERALL .
V- Type Y_‘eér | Eail | Pass l Y% Fail E_’__?ﬂ_[ Yass %Faﬂ Fail | Pass %'Féi_l_ Fail | Pass | % Fail
81-82 [13 [ 92 [12.4% [29°| 76 [27:6% [ 18 187 [17.1% [ 49 | 56 | 46.1%
83-85 | 32 [ 196 | 14.0% | 81| '147] 35.5% | 43 | 185 | 18.9% [116] 112 | 50.9%
LDGV | 86-89 | 57 {368 | 13.4% |82 |'343{ 19:3% | 67 | 358 | 15.8% | 141] 284 | 33.2%
{o0-95 | 24 T o028 | 2.5% |64 |'888] 67% | 38 | 914 | 4.0% |100] 852 | 10.5%
[ o6+ Jo {70 Joow o070 oo% o] |00%|o]|m | oo
] 81-85 |33 | 227 |'12.1% | 99 | 161 | 38.1% | 48 | 212 | 18.5% [ 139 | 121 | 53.5%
Lpery |3689 |19 | 203 | 8% |48 174 206% | 10 | 212 | 45% '59  163 | 26.6%
90-95 - 443 | 1.6% |20 [ 430} 44% | 11| 439 | 24% {32 | 418 | 71%
1 96+ 32 1 00% |0 32 00% [ 1|30 33% |1 |31 | %
aras |16 | 78 | 17.0% | 40 | 54 | 42:6% | 14 | 80 | 14.9% | 53 | 41 | 56.4%
o LI 59 | 78% |11 ] 534 172% | 11 | 53 [172% 2| 42 | 4a%
88-95 | 3 [424 | 0.7% |10 {4171 23% | 6 {421 ] 14% | 16 | 411 | 37%
96+ | 0 | 18 | 0.0% | 0 | 18| 0.0% | 0 | 18 | 00% | 0 | 18 | 0.0%
ALL 1209131381 62% [484 {2863] 14:5% {267 {30801 8.0% {728 12619 21.8%
Fallure Rate By Model Year Graupmg Tlm'd IM147
: Max CO Cutpo:nts : _
HC L co. NOx OVERALL
1l V' Type | Year {¥ail] Pass % Fail -__Fail [Pass %Faitf_ Fail | Pass | % Fail [ Fail| Pass | % Fail
Tor2[13 ] 92 [12.4% [29 | 76 | 27.6% [ 16 | 89 [152% |46 | 59 | 43.8%
{8385 20 | 199 | 12.7% | 79 /149 | 34.6% | 39 | 189 | 17.1% {110 118 | 482%
LDGYV |86-89 | 48 | 377 | 11.3% | 77 | 348 | 18:1% [ 65 {360 | 153% [137] 288 | 32.2%
|  |90-95) 24 | 928 | 2.5% |64 | 838 | 6.7% |35 | 917 | 3.7% | 96 | 856 | 101%
Tos+ [ o] 70 [oow |1 60 [1a% o |70 Joow] 1] 6 | 14%
818531 | 229 | 11.9% |95 | 165 | 36.5% | 47 | 213 | 18.1% 134 ] 126 | 5L5%
[EOGTL 1as-g9 | 15 {207 | 6.8% |43 | 179 | 194% | 12 | 210 | 54% | 56 | 166 | 25.2%
90-95 | 3 | 447 | 0% | 18 | 432 | 4.0% {10 {440 | 22% |28 | 422 | 62%
96+ 32 100% | 0-[ 32 [ 00% |1 |31 |31% |1 |31 |31%
81-85 ] 16 | 78 | 17.0% [ 40 | 54 |42.6% | 13 | 81 |13.8% | 53 | 41 | 56.4%
LDGT2 8580 | 6 | 58 | 94% 131 51 1203% [ 10| 54 [156% {23 | 41 |359%
88-95| 3 | 424 [ 07% {10 | 417 | 23% | 7 | 420 | 1.6% | 17 | 410 | 4.0%
96+ | 0 {18 |00% 0l 18 {00% [0} 18 |00% | 0] 18 | 00%
ALL 118813159 | 5.6% (4602878 | 14.0% 255 13092 | 7.6% {702 |2645 | 21.0%
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S .'.'-Féiiixre&?ﬁa'_tg;_ﬁ

v Typé '

HC

" Startup Cutpoints_

NOx

OVERALL ~

| Fail

[Pass |

.é’o Fail .

1 | Fail | Pass | % Fail

Fail | Pass | % Fail

LDGV. .

1600,

10.

16 1564 |

2.0%

416 11364 | 23.4%

LDGTL

“T1%0
75

B89

BT

41 830

. B.9%

166 | 798 | 17.2%

56T

547 -

. 93% |37 |

a5 558

5%

1103

500 [ 17.1%

LDGI2_

Al

S 93% - i

10.3%

685

2662 | 20.5%

1311

3036

TIDGV

Tier

1671 |

6.1%

133 116

1152

1628

"8.5%

291,

1489 16.3%

LDGT1

31

913

- 5.3%

1409

51

913,

_33%

1115

849 | 11.9%

LDGT2

32

571

31

34

569

L 5.6% -

74

529 | 12.3%

Al

3155 |

5:7%

204

3143] 6.

3110

7.1%.

480

2867 | 14.3%

““Third V147

'LDCV 

106

1674

6;0%

1130

1650 ] 7.3%

141

1639

7.9%

281

1499 | 15.8%

LDGTL

52

912

54%

T

531 | 349

4%

516

5.0%

1081856 | 11.2%

LDGT2

1 33

570

5.5%

873 ] 5:.0% ¢

3715

4.6%

67 1536 | 11.1%

3156

3

193

3154

5 217

3130 |

6.5%

13.6%

456 | 2801

T%

5804

Failure Rate By Model Year Grouping - First IM147

ts

# VType

HC .

- Startup Cutpoi

N 63 I

NOx

OVERALL

Year

Fail

Pass

| % Fail

Fail| Pass.

Yo Hail.

Fail

‘Pass

%o Fail

Fail { Pass | % Fail

81-82

75

28.6%

13 R

12.4%

24

81

22.9%

43 | 57 | 457%

{8385 |

F112

24.6%

75 | 153

32.9%

49

79

21.5%

122 ] 106 § 53.5%

oGV

86-89

368

134%

50| 375

118%

353

16.9% -

128 1297 | 30.1%

9095

916

38%

X

915 | 3.9%

|7

881

7.5%

114 | 838 | 12.0%

96+ |

.69

14%

4 1 66

L 5.7%.

0|

70

0.0%.

4.1 66 | 57%

81-85 |

216

16.9%.

24 {236

92%

21

239

8.1%

74 1 186 | 28.5%

1'96-89

198

10.8%

11| 211 | 5.0%

29

.193

13.1%

53 | 169 | 23.9%

LDGTY

90-95°

Tan

1.6%

2 | 448

0.4% .

32

418

1.1%

37 1413 | 8.2%

96+

32

0.0% .

0 |32 0.0%

30

6.3%

2 130 | 63%

1 8§1-85

29

65

130.9% -

26 | 68

2710%

85

9.6%

41 ] 53 | 43.6%

86~;89

14

50 -

21.9% | 6

58 | 9.4%

57

10.9%

20 | 44 | 313%

LDGTZ

§8-85

13

414

3.0%

5 | 422

12%

29

398

6.8%

42 [ 385 | 9.8%

96+ |

18

0.0%

18

0.0%

18

0.0%

o | 18 | 0.0%

ALL

311

3036

9.3%

3094 | 7.6%

253

1345

3602

10.3%,

685 12662 ] 20.5%
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Failure Rate By Mﬂdel Year Groupmg Second IM147
Startup Cutpomts

R HC | oo o) NOx - "OVERALL |
V Type | Year |¥ail |Pass|% Fail'- Pail i%a;s:sj'-%"}i‘éil' Ii_'aﬂ'{ Pass | % E;i‘ﬂ 'z'ré'ix Pass | % Fail

s8a 24 |81 J220% [13 [ 92 [124% [ 18 [ 87 [ 17.1% ['38 | 67 ] 362%
[83-85 | 35 | 193 [ 15.4% | 53 | 175 | 232% | 43 | 185 | 18.9% | 92 | 136 | 40.4%
LGV [86:89 | 36 | 389 | 8:5% |42 | 383 | 99% | 55 370 | 129% |101 324 | 239%
onos| 14 1038 | 1.5% |25 | 927 | 2.6% |36 [916 | 3.8% | 60 | 892 | 6.3%
56+ | 0| 70 | 0.0% | 0| 70 | 00% | 0 | 70 | 0.0% |0 | 70 | 00%

18185 [ 31229 | 11.0% {23 {237 [ 88% |18 [262 | 69% | 58 | 202 | 229%
86-89 | 18 [ 204 | 8.1% | 14°{208] 6.3% |18 {204 | 8.1% | 39|183 | 17.6%

LDGT1 jo———t— R B o L e £ _

T 190951 2 {4dB | 04% |3 {447 07% |14 436 | 3% |17 | 433 | 3.8%.
96+ 1 0 32 1 00% {0132 100% 1 |31 }31% | 1|31 31%
|81-85 120 | 74 |213% {23 171 |24:5%.{ 9 | 85 | 9.6% |35 | 59 |372%
LDG‘I‘Z: -3'_5'.'39'2 8 |56 |12.5% | 5 '_'5_9 | 78% | 8 | 36 .-12.'5% 16 | 48 25.0%
ST 8805 4 | 423] 0.9% f 31424 | 07% [17 [410 | 40% |23 | 404 54%
96+ | 0 | 18 | 0.0% {0 | 18] 00% |0 [ 18] 00% | 0| 18| 0.0%

[ ALL [192 13155] 5.7% 120431431 6.1% [23713110] 7.1% [48012867] 143%

- Failure Rate By Medel Year Grouping - Tlurd IM147
' Startup Cutpomts :

CHC Co. NOx. OVI}RALL

V Type | Year |Fail [ Pass. Y Fall | Fail Pass | % Fail | Fail | Pass | % Fail |Fail | Pass | % Fail
C[st8a[23 82 [219% [ 13 ] 92 [124% [ 14 | 91 | 133% |35 | 70 | 333%
: o 183-85] 33 | 195 | 14.5% | 56 | 172 ] 24.6% | 39 1189 | 17.1% [ 90 [ 138 | 39.5%
'LDGV [86-80]35 [390 | 82% |36 [389 | 8.5% |56 [369 | 132% |96 | 329 | 22.6%
o095} 15 937 | 16% |24 {928 | 25% |32 {920 34% |59 {893 | 62% |
96+ | 0 |70 [ 00% | 1169 | 14% | 0 |70 | 00% | 1 | 69 | 1.4%
81-85] 341226 | 13.1% 1 20 | 240 [ 7.7% | 17 | 243 | 6.5% | 56 | 204 | 21.5%
o689 17 [205 | 77% |12 | 216 | 54% | 16 | 206 | 72% | 35 | 187 | 15.8%

I PPETY oo T (440 | 02% | 1 449 | 02% |14 | 436 | 3.1% | 16 [ 434 | 3.6%
96+ | 0 {32 | 00% | 0 {32 {08% |1 {31 }31% |1 |31 ]|3%

§1-85 21 | 73 |223% [22 | 72 {23.4% | 7 | 87 | 74% [33 | 61 |35.1%

' 86891 9 | 55 |14.1% | 6-{ 58 | 94% | 7 |57 [109% | 16 | 48 | 25.0%

LG 1953 | 428 | 07% | 2 | 425 | 0.5% | 14 | 413 | 3.3% | 18 | 409 | 42%

96+ § 0 f 18 1 00% [0 F 18 FO0% [0 18 | 00% {0 | 18 ; 0.0%
ALL 1191 31561 5.7% 1193|3134 5.8% j217 131301 6.5% {456 {28911 13.6%
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. Intermediate Cut

points

e -

. GO

NOx

OVERALL :

VType

Fail

Pass | % Fail”

Fail |

: ..'%‘ :F‘?‘“ .

Pail

:-_Pasé '

% Yail ||-

- LDGY

1286

1494

(16.1% |238.|

-] 1499

15.8%

533

1247

- 29:%%

LDGTY

121

843 |

G | &2 |

12.7%

247

v

25.6%

LDGT2

84

519

13.9% | 41 |

1532 -

118%

142

461

23.5%

491

Al

2856 | 14.7%:.

347 | 301

14.2%

2425

27.5%

‘LDGV.

170

‘1610

ECACE

9.0% | 214

1566

12.0%

:386.:

1394

21.7%

LDGT1

87

877

- 9:0% 57|

1 59% [ 787

886

8.1%

176 |

788

18.3%

LDGT

46

557

L o76% 40|

- 66% 48

._'555:

CR.0%

100.

503

16.6%

19.8%

{303

3044

T9.1%: 258

7% 340

3007

10.2%

662,

2685

LDGV

157

1623

8.8% | 161 |

9.0% {196

1584

11.0%

367

1413

20:6%

LDGTI

80

884,

8% |53

1 55% {73

891 .

7.6%

165.

799

17:1%

LDGT2

a0

563

66% |42 1 ¢

o a2

561

7.0%

93

510

15.4%

All

{1277

3036

. 8.3%

6235

2722

36701

83% {256

T6% 31t

18.7%

Tailurs Rate By Model Vear Grouping - First IM147

THC

Tntermedi

ate Cutpoints

-~ NOx

 OVERALL

Year

Fail | Pass | % Fail

Tail

Pass

Y% Fail’

Fail |

Pass

% Fail

¥ail :

‘Pass

% Fail

VType

T81-82

521 53

49.5%

20 |

85

19.0%

27 |

78

257%

64 -

61.0%

83.85

88 | 140 | 38.6% -

917

137

'39.9% {64

"11_'64

28.1%

146

&

64.0%;

LDGV

36-39

94 {331 | 22.1%

65

360

15.3%

100

125

23.5%

169

256

19.8%

90-95

51 I'90f-{ 5.4%

|58

894

6.1% -

90 -

862

9.5%

130

802

158%

96+

1 {69

1A%

4

66

. 57% -

%

1 F0

0.0%

-4

66 _

5.7%

181-85

71 | 189 | 273%

42 -

218"

162% .

1923

14.2%

i17.

143

45.0%

86-89

36 | 186 16.2%

14

208 |

6.3% | :

{183

17.6%

7

151

32.0%

LDGT1

90-95

14 436 | 3.1%

444

1.3%

406

9.8%

57

393

12.1%

26+

0 | 32

0.0%

32

0.0%

30

6.3%

2

30

6.3%

| 81-85

37 | 57

39.4%

.32

62

34.0%

77

18.1%

53

4]

56.4% ||

86-89

19 | 45

29.7%

55

14.1%

54

15.6%

24

40

37.5%

LDGT?2

§8.95

28 1399 | 6.6%

421

1.4%

383

10.3%

65

362

15.2%

96+

0} 18

0.0%

18

0.0%

18

0.0%

0

i8

0.0%

ALL

491 [2856 | 14.7%

347

3000

10.4%

474

2873

14.2%

922

2425

27.5%
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Tailure Rate By Modei'YearGraupmg‘ 'Sex:ond IMM’?
Intermedxate Cutpamts

_ V Type '-_

N()x

“OVERALL ..

Year {Eail

Pass | % 'I"E__!li

ol

sPass % Fali.

Faii Pass |

ail | Fail

Pass:

% Wail

LDGV

1 81-82

.36

691 34.3% |-

1A 5

U 46.7%

183-85

5t

177 | 22.4%

66

_*1_*62’:: 38.5% .

1118 7

1518%:

86-89.

61

364 | 14.4%-

50

375 | 11.8%

5% |4 |

L3L5%

1 90-95

22

930 | 2.3%

30

-.9_2_2 .': 3 By

96+

70| 0.0%.

TS

1770 | 0.0%

LDGT1

181-85

57

203 | 21.9%

34

"I 86-89

24

198 | 10.8% .

18.:

51T

50-95

444 | 1.3%

28 | 4

| 96+,

32 | 00% |-

32

- [[LpeT2

81-85

29 .

65 1 30.9% |

|62

50

86-89

10.'_‘

54 | 15.6% | -

59

-| §8-9%.

420 | 1.6%

Ta24 | 07% 1.

05| 53%

=t 3 2

96+ -

18| 0.0%

38 | o0% |

118 1 00% |

0 -

ALL

303

340,

30441 0.1%

Fallure Rate By Mﬁdel Year Groupmg ’I‘hmi iM}.ti'?

{3089 7.7%

3007 | 102%

Intermedxate Cutpomts

662

OVERALL

HC

CO .

NOx

. Year [Fail

Pass [ %% Faﬂ

Fai}

Pass | % Fall

Fail

Pasy | % Fail

Tail

Pasg

% Fail

V¥ Type

LDGYV

81-82

34

Tt 1324%

i6

89 | 15.2%

20

"85 [ 19.0%

8

57

45.7%

83-85

48

180 § 21.1% .

66

162 | 28.9%

58

70| 254% |

113

115

49.6%

§6-89

56

369 | 13.2% -

49

376 | 115%

72

353 | 169%

-128

297

| 30.1%:

19

933 | 2.0%

29

9231 3.0%

1906 | 4.8%

77

575

3.1% :

1 20-95

96+

70§ 00% -

A

69 | 1.4%

0

: 70 i3 '0.0% .

1

69

14%

LDGT!

18185

36

204 | 21.5%

226 [ 13.1%

231 {11.2%

To2°

168

35.4%:

86-89

T

201 | 9.5%

16

206 1 7.2%

197 1 11.3% -

50:

172

22.5%

90-95 |

447 | 0.7% |

3

447 1 0.7% -

18

432 | 4.0% |

22

428

4.9%

964 -

32 1 .00%

0

32 {00%

31 | 31% |-

1 31

-31%

13185

LDGT2

25

69 | 26.6% |

31

63 | 33.0%

i4.

80" | 14.9% | ¢

147

50.0%

86-89

10

54 | 15.6%

8.:

56 1 12.5%

8.

56. -1 12.5%

45

297%

85-95 |

1422 | 12% -

1424 } 0.7%

20

07 | 4.1%

1 400

6.3%

96+

18] 0.0%

18 | 0.0%

g3

18 108%

18

0.0%

ALL

271

3070 | 8.3%

256

3091 1 7.6%..

311

B-6

30361 9.3%

2722




Fallure Rate

THC. OVERALL

Y Type | Fail ]Pass [ % Fall'-' o

Faﬂ fPass | %Fall

IOV '49_9 1281 TR

“LDGT1 | 210 | 754 6 156,19

T toeTz [135 | 468 1363%

All 844 }2503 138.8% ||

TDGV  ]309 | 1471 241 30.3% 1|

LDGTL 1137 | 827 | 26.6%.

LBGT2 | 77 | 526 | 26:0%

Al 1523|2824 ] 156

284%.

LDev 1280 [ 1500 [ 3] 285%

LPGT1 120 844 24.3%.

LDGT2Z | 73 | 530 | 54 | 249%

1.26.7%.

Al 1473|2874

™ "":.':OVERALL

; V Type -
' : "% -Kail

T Year | 1% ﬁaﬁr Fail

81-82 1 701 35 | 66.7% |. 30 .'-."-75_:.'.__ T543%

[83-85 | 748 | 80 | 64.9% | 120 | 108 | 3 '. ' R

LDGY | 9689 | 199 | 246 | 42.1% | 192 323 | 240 $81%

123.1% |
71%: |
1T635%
1 46.8%:

. 100-95 1001 852 | 10.5% |90 | 862 | 9.5% |
Tos+ | 2 168 | 29% {:4:] 66 15,
8185 11161 144 | 44.6% | 69 |- 191 §°26.5% | 70"
86:89 F 71 1 151 | 32.0% 129193 |13,

LDGT1 1%

63% |

00-95 | 23 1.427.| 5.1% | 111439 | 2.4% ‘|5
o6+ | 0 | 32 1 00% |-0:]32 | 0.0%
81-85 | 50 | 44 | 53.2% | 411 53] 43. 1 71.7%

86.80 | 20 | 35 1453% | 14 | 50121, 65.6%

LDGT2 rye o536 | 371 | 13.0% | 11| 416 | 2.6% | 68 | 359 | 15.0% | 104 | 323 | 24.4%

oy

96+ | 0 | 18 | 0.0% | 0 | 18 |"00% | 0 |18 | 0.0% ] .0 .| 18 | 0.0%-

0
844 12503 | 25.2% [321 12826 | 15.6% 1700 264'? 20.9% 113 0_%047'-38.8%
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Fallure Rate By ’\f[edel Year Groupmg Secund ﬁ\dié’?
Fmai Cutpomts Co

Year

BC

Trail

Pass

Yy Fall

Fau;

4V Type -

81-82

" 56

49

53.3%

261

.._.795_::.:

I Loey -

| 83-88

104

124

43 '-.6%

91

BT

86-89

110

315

25.9%

83

342 | 1958

{o0-85

39

913

1%

47

9054 4.

96+

70

1 0.0%

S

: _- 0

18188

90

170

34.6%

6

19712

| 86-89

36

186

16.2%

22

LoGT1

190-95

1t

439

P 2d4%

96+

32

0.0%

32 :_.

1 81-85.

46

48

48,9% .|

i 53

86-89

14

50

21.9% |

% T

ILpeT2

- 18895

By

410

4:0% |

AEEERITRE

96+ | -

18

0.0% |

SBTRE

TR ET:

ALL

.52_3'_.-

2824

15.8% 1

1295311

5181

95212305 |

2825 | 15.5%.

f{i‘aﬂnre Rate. By Madei Year Gmupmg 'I‘hlrd m147
Fmal Cutpomts :

Y Tyne

Year

HC

CO

NOx

OVERALL

¥ail

Pass

% Fail

_Fan ]

Pass’

Oy 'Fﬂ_l}

Fail:

‘Pass'| % Fail-

Fail

Pass:

% Faill|

| Lhav

18182

)

55

50.5%

35

50

23.8% -

32

73 1.30.5% | 6
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Excess Emissions with Fast-Pass, Retest, Fast-Fail Enabled

Max CO Cutpoints

(Data Not Normalized for Model Year Distribution)

Vehicle
Class

Model Year
Range

: Exmé_
In240 HC
~ {grams}

Exeess HC 1

with fast-
.. pass

~ {grams) |

Excess HC
Ydentified

1 . Excess

Ihi245 CO
- (grams)

" Exeéss CQ
- with fast- |
pass

(grams)

Excess co-

| dentified -

* Excess
IM240 NOx
fgrams)

' _ ‘Excess NO

with fast-
s

- {grams)

¥eess NOx
Identified

LDGV

81-82

4

NA -}

5674 -

§7.6% |

3.61

361 _

0009

TTE3-85

6.13

- 613

T100.0%

243,24~

- 237.02

87.4%

349

VT

100.0% _

B56-8%

10,72 .

- 1065 |

99.3% .

--301.8

1 25427

95 |

882 1

160.0%

9095 &

896

. 96.9%. .

18556

15796

85.3%

86+ |

| B.68 -

O

WA

0

0.

NA_ |

s T

2546 |

58.6% |

7704

3898 |

'.95.3_':_-'9%?1 5

pry

LBGTE

_81-85.

. 1_0‘_919’ .

832

757% e

60555 -

1902 |

T B

_88:89

555 - -

53

. 92.4% . -

L 83337 -

237

Y W

_D0-95

Y I

0

- B0%

48561

g@% RS

T100.0% ||

9%+ .|

o

TNA.

0.

Q.

. CN/A

Q430

“3000%

i

ALL

e

A

3% 1

1146569 |

167632 |

2347 |

2316

L9sa%

LBGTZ

81-85 |

15.62 .

1562

~ 100.0%

44144 1

100.0%

665

" 1000% 4

86-87

10.39

10.39

100.0%

28554 -

. 285.54

- 100.0%

Y

70.8%

88-65

0.21

0.21

160.0% -

26.15

15.16

58.0% 1.

(.68

627 |

39.7% &

96+

¢

CN/A

0

0

N/A

0

g

- N/A

ALL

2623

2622

"100.0%

753.03

74214

98.5%

1148

587

T36.0%

" Total

255744 .}

85.4%

5607

ALL

68.59

. 63513

. 84.4%

2680.86

5856

- 85,7% .



Excess Emissions with Fast-pass Enabled

Max CO Cutpoints

(Data Not Normalized for Model Year Distribution)

¥Yehicle
Class

Model Yeaf.

Range

 Excess
IM24B HC

with fast-
- -pass -
{grams) .

TExeess BCT

Excess HC'

IM240 CO

_(grams)

with fast-
pass

(grams)

| Excess CO- o

{ Exce'séz Co
| Identified -

Excess

IVE240 Nox |

with fast-
" pass
- {grams)

ExeessNQ | -

IR scess NOx

Tdentified

LDGY

81-82

{grams) |

0

| Tdentified -
_N/A

5674

.48.73

1 B7.6%

361

100.0%

83-85

6.13

613

"160.0%

| 24324

237.02

- 97.4%

349

100.0%

_R6-89

16.72

10.65

.993% |

3018

29427

57 5%

CY TR

100.0%

896

568 |

157.96

S 9148

_906-85

o6+ |

0

WA

96.9% |

0

18526 .

0 -

T 853%

¢

T WA

“ALL

3581

2544

T o%6% |

TR0

73898,

53.9%

36|

2304

. 975%

LDGT1

81-85 .

1099

L RA%

75.7% i

- 605.55

926%

L1902

88-89

335 .

533

LLORA%. :

53337 |

910% 1

237

18 1

%

9085 )

042

LB

C0.0%

1a7

165

| 1000%

. 96+

N/A

0._..

T

TALL ]

a5

793%. -

114069 |-

104653

(2347

I

LPGT2

. 81.85

1562

1447

92.6%

441,44

669

T

86-87

10.3%

10.39

100.0% -~

28554

‘4 100.0%

4.11

231

88-95

2615

58.0%

_ 0.68

027 .

96+

821

0.21

CN/A

100.0%

0

4

1518

TTNA

0

0

ALL

2622

25.07

95.6%

753.13

74314

08.5%

- Total

ALL.

68.99

63.98 .

82.7% __gsso,gs

. D527.65

34.3%

58.56

834




Excess Emissions with Fast-pass Disabled

Max CO Cutpoints

(Data Not Normalized for Model Year Distribution)

Exeess HC Excess CO Excess NO |
Excess wio fast- Excess w/o fast- Excess w/o fast- _
Vehicle [Madel Year| IM240 HC pass Bxcess HC { IM240 CO pass Excess CO §IM240 Nox pass {Excess NOx
Class Range {grams) (grams) | Idemtified | {(grams) (grams) | Identified | (grams) | (grams) | Ideatified
8182 | 1099 832 | 757% | 60555 | 60326 | 93.6% 1902 | 1872 | 98.4%
83-85 5.55 . 555 100.6% 533,37 C 52714 98.8% 1237 1.69 1 713%
LDGY 86-89 0.42 _ 0.42. 100.0% 1.77 0 0.0% 1.65 165 1 100.0%
8095 0 0 N/A o0 ] N/A | 043 _ 043 1 100.0%
96+ 16.96 14.28 84.3% 1140.69 11304 29.1% | 2347 2248 1 95.8%
ALL i5.62 1447 92.6% 441.44 " 441.44 - 100.0% 6.69 572 ) 85.5%
81-85 1039 | 10.3% 100.0% 285.54 285,54 100.0% 4,11 231 F 562% |
_ - 88-89 8.21 .21 100.0% 26,15 26.15 100.0% {1 0.68 038 F 559%
LDGT! 90-55 ) 0 N/A 0 0 NA 6 o 1 WA
96+ 2622 2507 95.6% 75313 1 75313 160.0% 11.48 B4 1 733% &
ALL 0 0 N/A 5674 | 49.73 '87.6% 3.61 361 | 100.0%
81-85 8.13 6.13 100.0% 243324 237.02 97.4% 3.49 3.49 1 180.0%
26-87 10.72 10.72 100.0% 301.8 301.22 99.8% 2.92 9,92 i 100.0%
LDGT2 88-95 8.96 8.87 89.0% 185.26 160 86.4% 6.59 6.02 91.4%
96+ ] ¢ N/A 0 0 N/A 0 ] N/A
ALL 25.81 2572 99.7% 78704 747.97 95.0% 23.61 23.04 897.6%
Total ALL 48.80 65,08 94.3% 2680.86 2631.5 98.2% 58.56 53.94 92.1%. .




~ Second-by-Second CPP Variation Limits



147 CUMULATIVE POSIT
11147 REFERENCE DATA - .
TIME SPEED CPP -
0 0.0 - 000 -
2 00 - 0B
3. 0.0 0.00 "
4 . 00 . 000 .-
5 - 33 .. 1089
;] - 8.8 . 435858
7. . 80 9801 -
8 132 ATr424 7
9 185 - 27228
10 - 198 3g.04 -
11 222 4828405
12 243 - 880407 -
13 268 . 80564 -
14 = 284 . 68698 ..
15 - 287  88BEE-
16 261 . 68886
17 247 88898
18 282 72A8
- 19 254 - 73203
20 272 . 82671
21 26.5 - .028.7%. -
22 240 82871 - .
.23 227 - 82671
24 194 82871
26 177 828.71 -
28 172 B®T71
27 181 86848 -
28 - 188 - 87883 - -
29 200 93087
30 20,7 BERAE
31 - 217 100476
3z 224 03283
43 225  1037.12
34 224 1087142
s - 215 103712 -
36 209  1037.12
a7 204 103742
a8 i9.8 1037.12
3g 17.0 103712
40 7.4 104053
41 . 15.8 . 1040.83
42 158  1040.53
43 177 1104.18
44 109 118283
45 216 1257.45

| ._WEER-{GW)%VARMTI@N"Cuwﬁsms

~POWER VRRIATIGN CUTPGINTS (mpthsac)
. EPP UMITS

i '_"BASE“

-68.7

. 751

754

- T84
. 754
754

154

754
- 754
- 758

- 758

- 758
80.3
86.0
914

MULT

3.500 - 2440
3,424 "249.3
3.386 2842
- 3,848 '252'.4'.
3348 2524
3948 2524
3348 2624
3.348 2524
3348 2524
3348 2624
a3id 2504
‘3311 2504
3,311 2504
32738 2027
3235 2781
3.107 202.2

VARY!NG

74531

752.44
778.47

784.71

784.71
784.71
784.71
784.71
784.71

78474

780,16

. 790,46
© 780:16
84153

804.60
885.27

1,203.41
1.261.08
1,286.79
1,280.53

.1,288.63

1,288.53
1,280.63
1,288.83
1,269.53
1,269.53
1,280.90
1.280.80
1,280.80
1,366.83

- 1,461.06

1,549,683



IM147 CUMULATIVE POSITIVE PWER(CPP)VAREATIGNCUTPGINTS

128373

31301 .

 iM147 REFERENGE DATA |
TIME SPEED CPP
Lsaﬁl {mph}
46 222
47 245 139114
48 24.7  1400.98
49 248  1405.93
50 247 140593
59 246 140593
52 248 140693
53 - 254 1430.7%
B4 258  14568.13
55 257  1481.26 -
" 58 254  1461.26
57 249 1461.26
58 250  1468.25
59 254  1488.41
80 260 151725
61 260 151725
62 . 257  1517.25
63 261 183797
84 267  1569.65
65 27.3  1602.05
66 305  1797.01
67 335 1979.01
68 362 2167.20
689 873  224B8.05
70 393  2401.25
7 405  2497.01
72 42,1 262017
73 43.5 2749.01
74 451  2890.77
75 48.0 2972.78
. - 78 46,8  3047.00 .
o 475
78 475 311301 .
79 473 311301 -
Y 472 3113.01 -
Y 472 3113.01.
82 474 33193
83 . 479 317958
84 485 323742
88 49.1.  $205.98
. B8 49.5 333542
a7 50.0 338517
88’ §0.6  3445.53
89 51.0 3488.17
80 515 . 353742 .
o 522  3610.01

POWER VMTIQN GW?Q!NT$ (mphzfsec)
MULT.  VARYING

"BASE”

EAGTOR ~LELTA.
3150 2048
3 121 o 3156._
3.083° . 3140
3045 312
3.045- . 3112
A, 045 311_2
3045 312
3008 31 28
2970 3143
2932 1.4
2892 314"

© 2002 0 8114
2894 3084
2.856. - 3088
2,618 C310.8
2 18 3108
2418 3108 -
2780 . 3108
2742 3129
2,706 - . -314.9.
2667 - 3464
2629  ..378.1
2501 . 408.1°
2553, 417
2515 " 439.0
2477 . - 4498
2439 - 486.2
‘2402 . 479.8
2384 - .- 4968
23268 - - .B02.5
2 2_53 e BOBLY
2250 5094
2,260 - - :5.091
2250 .. -509.1
2,250 .- .-50D.1
2212 - . 503.8
2474 - . 502.5
2138 - - 5027 -
2.088 . 8027
2061 - .. 4985
2,023 - 4877
1.988 - .497.1
1947 4933
1800 = 4908
1.871 -481.0

CPPLIMH‘S
.LQS& “HIGH
988,87 1,578.49
1,075,585 1,708.73

1,087.02  1,714.94
1,084.73  1,717.43
1,084.73° 471743
1,084.73 © 1,747.13
1,004.73° 1,71713
1,118,02  1,743.54
1,141.83 1,77043
1,148.88°  1,772.64
1,149.88 - 1,772.84
"1,149.88° - 1,772.84
“1,157.84 ¢ 1,774.88
1,177.85. 1,794.97
1,208.47 1,828.03
1,208.47 - 1,828.03
1,208.47 © 1,828.03
1,227.18  1,848.76
1,256.78 - 1,882.52
1,287,413 1,916.97
- 1,440.85- - 2,133.37
1,600.89 - 2,357.13
-1,759.09  2,575.31
1,830,906 - 2,665.20
1,862,209 . 2,940.21
. 2,047.41 ©2,948.61
~2,163.02 :3,006.32
2.268.18 . 3,228.84
'2,304.15 :8,387.39
2.470.24 3475.28
'2,540.32 ©  3,553.68
:2,603.92 3482210
'2,603.92 - 3,822.10
°2,603.92 . - 3,822.10
2,603.92 .3,622.10
2,603.92 & 3,822.10
'2,628,.97 . 3,635.49
2,677.11 ~3,682.058
273473 - 3,740.11
2,793.27 - 3,798.89
2,035.88 8,034.96
2,887.49 - 3,882.85
2,048.47 .3,042.59
290284 3,979.50
3,046,568 4,020.26
3,119.03  4,100.99




IM147 REFERENCE BATA REIETRS

TIME SPEED.
Lﬂﬁlﬂ - (mph)
92 ‘53.2' .
88 - - 84
o6 56.0
87. - 549
98 - - 544
89 . 5486
- 100 548
101 561
102 85.5
103 58.7
104 56.1
105 86.3
106 56.8
107 58.7
108 -88.7
108 §6.3
110 86.0
111 55.0
112 §3.4
113 5.6
114 51.8
{15 §2.1
116 52.5
17 §3.0
118 53.5
119 54.0
120 §4.0
121 - 554
122 85,6
123 58.0
124 56.0
126 §6.9
128 " 552
127 ‘54.5
128 §3.6
129 - 52.5
130 51.5
131 §50.5
{32 48.0
133 445
134 41.0
135 75
136 4.0
137 3n.s

371641 -
381188, -
386633 -
w48
301017
3010497
3910.17

AIRAT
393205
'3085.02 . -

4009.26
4031.50
407622
4088.70
4132.57

4143.90 |

4143.90
4143.90

4143.90

4143.90

4143.90

4143.80
4164.58
4195.75

- 4237.68
428034

4343.58
4397.34
4496.36
4360.50

"4872.70

4617.34
4617.34
4617.34
4617.34

. 4817.34

481734
4817.24

T 481734

4617.34
4617.34

4817.34
4617.4

4677.24
4617.34
‘4817.34

88!

=
=]
=

FEFEEEFEERE

450247 .
' 4.486.23

355229
3,5683.09
3,634.08
3,685.39

 3.707.05

3,720.63
3,728.83
3,720.68
3,720.63
3,728.83
3,728.63

- 3,728.83

3,758.70
3,788.38
3,847.93
3,907.64
3,964.10
4,029.31

. 4,131.49

4,194.70
4,227.78
4.261.74
4,281.74
4.281.74
4,281.74
4,2081.74

8. 4,281.74

4,281.74
4281.74
4.281.74
4,281.74

4,281.74.

4,281.74
4,281.74
4,281.74
4,201.74

4,476.91

-4,516.38

4,532.01
4,858.00
4,559.17
4,869.17
4,5580.17
4,550.17
4,859.17
4,550.17
4,589.17
4.570.44
4,593.12
4,627.25

- 4,873.04

4,719.08
4,765.37
4,859.21
4,808.30
4917.64
4,962.94

4,962.94

4,962.94
4,962.94
4,952.54
4,952.94
4,952.94
4,952.84
4,962.94
4,952.94
4,952.94
4,962.94
4,952.94
4,852.94
4,952.94



IM147 CUMULATIVE msammWER-._.(;zc:;p;_mm;p;am%;Oiéﬁmw?toétms

IM147 REFERENCE DATA . - POWER VARJATZGN em'mxm (mphzarsecj
TME  SPEED CPP- SREEEE “BASE" Y/ CPP um‘rs
138 _2‘?0 481734 _3353
139 - 235 461734 o 3358
140 200 4617.34 .. 3366
141 185 461734 - 8358
442~ 13.0 4817.34 . o 3388
143 9B 481734 - . 3358
44 80 481734 .o 3388
o ' 5. 4817.84 +o. 3358 1,00

6 428174 495294
6 420174 495294
6 428174 4,952.94
428174 495284
5. 420174 496294
5.8 4,281.74 4,952.94
5.6 4,231 '.74

E-4



Appendix F

Regression Summaries



Regression Summary - Composite HC, TM240 to IM147
Modef Years 1981-1985

All Vehicle Types
SUMMARY OUTRUT
Regressioﬁ Statistics
Multiple R 0.981278
R Square  0.962907
Adjusted R 0.962636
Square
Standard0.331332
Emor
Observations 139
ANOVA
df 88 S F Significance F
Regression 1 390.4283  390.4283  3556.441 6.9E-100
Residual 137 16.03995  0.109781
Total 138 405.4682
Coefficients  Standard f Stat P-value  Lower 95% Upper 95%
Ermor
Intercept 0.110894 0.036049  3.070886  0.002576 0.03941 0.181979
iM240 0.896629 0.015035 59,6359 6.9E-100  (0.866899 0.92638
Regression Summary - Composite CO, IM240 to IM147
iM240 Line Fit Plot
10
9
8
7
6
= 5 e IM147
vﬂ
= e Predicted 1147
= 4
3
2
1
0 2
15
240




SUMMARY QUTPUT

‘Model Years 1981+1985 .

-+ All Vehicle Types

Regressjon Stalistics

Muitiple R~ 0.889621
R Square 0.979349
Adjusted R 0.979198
Square
Standard5.150236.
Emror }
Observations 139

ANGVA

df

55 s F

Significance F_.

Regression 1. -
‘Residual 137
Total 138

733937 1723337 6497045
. 3633916 . 2652493 ¢

C28E-117

Coeﬁ‘idfeﬁf_#

Standard  tStat

“Puvalue  Lower §5% Upper 95%

Intercapt 0‘85825.5

IM240

0536673 1599511 0112011

020278

1.919292

1,020463

. 0:01266. -

- B0.60425

2.6E-117_ - 0.985428  1.045497

1M240 Line Fit Plot

250

200

180

iM147

100

50

200 300

100
240

o IM147 -
~— Predicted IM147

E-2



Regwssmn Summary - Composite NOx, IM240 to IM14’7
Model Years1981-1985
All Vehicle Types

SUMMARY OUTPUT

Regression Stafislics
‘Multiple R 0.968936
R Square  0.977995
Adiusted R 0,977835
Square
Standard0.322636
Error
OCbservations 139

ANGVA = - .
df .- 8§ Ms - o F . Sigwxf'canceF

Regression 1 634.0613 - -634.0613" ~6088.969 2Ev115 T
Residual 137 14,6619 0104133
Total 138 648.3275

Coefficients  Standard  tStal  Pevaiio Lower 9% Upper 06%
R Emor o
nieroept  B.085613  0.045460 1560800 0.067834 0,005 0475525
IM240 1.065128 - (.01365 7803185 2B-1156  1.038136 1.08212

iM240 Line Fit Piot
14

o IM147 -
—— Predicted IM147

IM147

15

iM240

F3




Regression Summary - Composite HC, IM240 to IM147
‘Model Years 1986-1989
+“All Vehicle Types

SUMMARY QUTPUT

Regression Statistics

Multiple R
R Square
Adjusted R 0.975876

Square

0.987927

0.975998

Standard 0.189037

Emor

Qbservations 198

ANQVA

df

55

R

E_ " Signifcance

Regression 1

Residuai

Total

196

197

"284.8199
7.004082

291,824

TT2848199
0.035735

TR T~

Coefficients

“Standard

Error

“Pivalie  Lower95% Upper 957

intercept

IM240°

0.056509
0.933646

©'0.015868 -
- 0.010458 -

3561206

“89'27650

T70.000483  0.026215  0.087802
U 4AE-160  0:913021 - 0.95427

iM147

12

IM240 Line Fit Plot

o IM147
—— Predicted IM147

15

F-4



Regression Summary » Composite:CO, IM240 to IM147
Model Years 1986-1989
- “All Vehicle Types

SUMMARY QUTPUT

Regression Statistics
Multiple R 0.984568
R Square  0.969374
Adjusted R 0.969218
Square
Standard 5.123058
Error
Observations 198

ANOVA

Regression - 1 4628235 162823.5... 6203812  2.8E-180 .o o
Residual 196 5144161 - 26824572 ... e SRR
Total 197 167967.7 :

Coefiicients  Standard 1 Staf - P-value -ihower-gﬁ% Upper 95%
. Emor__ S i
Intercept ~ 1.679632 - - 0.403976 . 4.157756... 4.8E-05 0:882936 2478328
IM240, 0939067 . 0.011922 . 7876428 . 25E-150 0.918554  _ 0.96258

IM240 Line Fit Plot

350
300
250

200 o |M147

— Predicted IM147

IM147

150

100
50

0 100 200 300 400
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Regression Summary - Composite NOx; TM240 to.IM-l 47
* Model Years 1986-1989
-+ All Vehicle Types

SUMMARY QUTPUT

Regression Slalistics
Muitiple R 0.977553
R Square  0.955611
Adjusted R 0.955384
Square
Standard 0.258767
Error T
Chservalions 198

L df SS. _.oMS - ooF - Significance F.
Regression 1 . .376.638 376638 4219491  16E-134 T -
_Residual 196 1749525 -0,089261 T e
Total 197 3844332

“Coefficients  Standard tStat .ri"lf-.‘ffva!.dé Lower95% Upper 95%
Intercept 0.058971 - 0.035732 1650379 .'0.100487 - -0.0115  0.129439
IM240 1.077932 - 0.016584 6495761 1.6E-134 1045206  1.110659

iM240 Line Fit Plot

o IM147
—— Predicted M147-

iM147

10




Regression Summary - Composite HC, IM240:to IM147

SUMMARY OUTPUT

Regmssfon- Stafistics

Multiple R 0.974081
R Square  0.948834
Adjusted R 0.948723
Square

Standard 0.100407
Eror

Observations 464

- Model Years 1990-1995
- All Vehicle Types

ANOVA
B df

= S T TR Bgnicande F

Regr’e‘ésion Kl
Residuat 462
Total 463

. 86.37186 . 86.37186 . 8567.38  2.3E-300 .

4657643 - -0.01008%1. - .-
910286 -

Coefficients

Slandard  [ofat . Pvalue . Lower95% Upper 95%
Error 3 :

“Intercept - .0.026672

0.00896 ~ E.G71064 . B.7AE.07 0.016336 0037007

240 - 0,963839

0010413 9256014 . 2.3E-300 _0.943376 __ 0.984302

IM240 Line Fit Plot

IM147

e M147
—~ Predicted IM147

E7




Re'gressibnjS'Limm;ary?{-'-'{Comp'dsiteifﬂox-,lm40'to IM147
- Model Years 19901995

SUMMARY OUTPUT

-All Vehicle Types

Regragsion Stafistics:

Multiple R = 0.958073
R Square  0.917905
Adjusted R 0917727
Square
Standard0.306825
Error

Ohsarvations 464

ANOVA

T Signifcance F____

Régréssidn T
Residuai 462
Total 463

TTAB6.0964 4862964

4349332 0.094141 "
__529.7897 o

B165.597  B.2E-253 .

- Coefficients

“Sandand  {Stat . Pvelue  Lower95% Upper 95%

Emror

Intercept . 0.048771 -

TU0.020644 ¢ 2.374 .

018004 00084  0.089143

IM240 1102698

. 0.015343 - 71:87209 " 62E-253 1.072548 _ 1.132848

{M240 Line Fit Plot

- IM147

« 147 _
— Predicted IM147

Lo B N A% T L O & =) O = - B (e




Regression Summary.- Composite CO,.JM240 to IM147
‘Model: Years 1990-1995

SUMMARY OUTPUT

Regressfon‘ Siatistics

Multiple R~ 0.916596
R Square 0.840149
Adjusted R 0.839803
Square
Standard3.35827
Error ’
Observations 464

ANOVA

.- All Vehicle Types

9L

ngnfﬁcanéé E-

Regi‘essioh 1
Residual 462
Toial 463

5210.424 -

1127797
3255.4_1

TTT57384.98 . 273B4.08. . 2428.183

4BE-186

" Coefficients

Standard

Error :

— -..'R;y'gme' ' -Lowaﬁ-95%" Upper 95%

0.392486
~1.037836

[ntercépt

TT0.480702

2173 0.030364  0.037385

0.747586
1.079224

IM240

0.02106% -

49.2786. - 4,6E-186 0.996448

M240 Line Fif Plot

140
120
100 “:
80 |

IM147

- 60
40
20

iM240

150

e fW147

| — Predicted IM147




Fleet Distribution Data
Vehicle Distribution Data -9 months 2% random sample (inifial test)
Data Coﬂected hetween 7/1/97 and 3/31/98

-':LDT1 o LDT2
'_'%._n'f-_Fleet # Tests % of Fleet

LDGV S
Model # Tests % of F[eet # Tes
Year RRE .
1981 102 _ -1 oz%'. L 0.31% 13§ 0.43%
1982 138  1.38% 33 F o3 i 18 1 048%
1983 153 1 1.52% H 52 1 0.52% 17 0.17%
1984 {1 318 - 3A7% 80 080%. 1 33 1 0.33% .
1985 372 3.71% 0 129 1 429% 20 1 0.29%
1986- 44 | £13% AT} AT i 48 0.48%
1987 450 4.49% - 167 - -1 186% 40 1 0.40%
4988 540 5,38% . 206§ 2.04% W 54 O} 0.58% |
1989 540 £38% 238 {1 o234% W 82 1 0.62%
1990 512 1 540% 4 183 1 182% 4. 44 |  0.44%
1991 542 1 5.40% 220 f 228% I 40 0.40%:
1992 533 C831% [ 200 - F 200% W74 1 074%
1993 559 1  5.87% 270 2.69% 1 62 1 082%
1994 654 |  6.52% 306 1 3.08% W 110 1 140%
1995 673 | 8.71% 310 1 300% H 0 131 4 131%
1906 100 " 1.00% 45 | 0.45% ' | 040%
1097 0 6.00% 0 1 0.00% ~0.00%
1908 0 0:00% ' 0.00% - 0.00%
1998 3. 0 i 0.00% 0.00% - 0.00%
2000 0 0.00% 8.00% 0.00%

B
olojolold

Total 6600 2648 785

Distribution Between Vehicie Types

# Tasts % of Flest
LDGV 8600 §8.8%
LDT 2648 26.4%
LDT2 7858 7.8%

Total 10033

G-1
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