stz + %
7-|§$4 lleﬁ' (il:,j()

ARt ER .
L

w4 EE

F B HENSBESITESMR
4 ITEINMRZSEAR
B FhEl53

5 H 20084E5 A

git5



TR (G830

FITPMS R GTulEMAAVIRIT 5 S5
W #

W ER R S RS . AP UGBS Y RIEAT R e M. RELER
HATHE R, AR AR I 2 B 53 B A L O RO TR 1, AR 5 5] & B # 32
Ffift. TPMS (Tire Pressure Monitoring System) —4¢ "8 RE i I 28 4t To € A2 Tio 1%
MRE R, B EE M TIEREAT I XA NG BT SN I, Rl & i im ARE
A R IR . DUORBEAT 24

AV ST B BRI A A0S B R TPMS 28 G A R A R AF BT o Az A
AIERE . FIFHGEZS R R AL B AP NPXIL, I AR BRI AS . B3I MAX A RIRF %
SHEAMAX1479, B R AR & L B RIUE B RS TPMS R 48, RG] LTI i
JEE I B2 S FR A o

TPMS A Geilid e IR R I, R P A iR R, SRS R TE T 4l A iy
NEZR . EAARER, ERESAHE)) IZHI N .

TSR

XHE: TR RIRENENARS, E=R=E 2A



BFW A TPMS RS BT 5 5

Europe TMPS system’s Monitoring unit Design and Realize
ABSTRACT

With the constant growth of Chinese consumption of car, people have more and more
attention on driving security issue. At high-speed driving, having a flat is the most worried
incident and the hardest to prevent for all drivers, but also extremely easy to cause fatal traffic
accident. TPMS, Tire pressure monitoring system, no doubt the key to preventing tire
breakdown, is mainly used in real-time tire pressure monitoring. Thus it’s able to release low
pressure and air leak alarm in time, safeguard driving safety.

This paper involves the hardware and software design and realize of Europe TMPS
system’s monitoring unit. The requests of monitoring unit are: use of GE’s sensor chip NPXII,
measure the status of tire, and than through MAX’s launch chip RF MAX1479, send the
monitored data to the receive system, TPMS system. The system will do some calculation of this
data such as pressure, temperature, speed and so on.

TPMS system releases the alarm promptly by monitoring tire pressure, to ensure drivers’
safety in driving process. Soon, the system will certainly have widespread applications on GSP

vehicle carried system.

KEYWORDS: Wireless Transmission; Tire Pressure Monitoring System;,
Transducer; MCU
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12. Benefit and Cost Measures

The influence of the strategies studied on each category of benefit and cost must be measured. For example, a
direct TPMS can provide information on different degrees of tire under-inflation. The likelihood of blowouts
or skidding etc. is related to under-inflation.Different taxes or subsidy schemes can induce people to
purchase longer life mileage tires or to maintain their tires for longer life. Education programs may induce
people to monitor their tires pressure on a more frequent basis. A tax placed on tires of low warranted mileage,
will induce some consumers to shift to longer life tires. Higher costs will reduce the demand for vehicle miles
traveled (VMT), thus tires will last longer and will be replaced less often over time (assuming a given level of
care). On the other hand, longer life tires may reduce the tire contribution to the cost of operating vehicles per
mile and thus, lead to an increase in the demand for VMT. These are complex relationships and it may
be the case that requisite data or elasticity measures are not available to complete the calculations.

12.1 Cost Categories

It is generally easier to measure costs associated with the different strategies. In developing the cost measures
a key issue is to decide on the useful life of the investment. This will influence the length of time that costs and
benefits are considered and over which they will be discounted. The cost of each strategy consists of initial
costs (e.g., hardware or development in the case of education programs), and ongoing costs (e.g.,
maintenance). In the case of some technologies the costs may vary depending on the level of technology. For
example, an indirect TPMS is less costly than an auto-inflate system. Costs will also vary according to
what equipment the car comes with. For example, installing an indirect TPMS requires that the vehicle be
equipped with an antilock brake system (ABS).

12.2 Benefit Categories

12.2.1 Social Benefits

Social benefits arise indirectly as a result of the different strategies. They include reduced emissions
with less fuel used, an improvement in safety and a reduction in incident congestion. Improvements in safety
come from more vehicle control (less skidding and loss of control), and a reduction in flat tires and
blowouts. Social benefits are measured in terms of the reduction in [social] costs resulting from
accidents and pollution from emissions. Accident costs would include lost productivity, and direct
hospitalization and health care costs associated with a change in the accident and injury rate.
Reductions in emissions can affect the social costsassociated with pollution emitted by vehicles
including health care, lost productivity, and environmental degradation.65 Each strategy will have a
different effect on the ‘expected’ wear rate of tires. The increase in mileage will be translated into the
reduction in disposal rate and the number of tires reaching landfills. This reduction can be translated into
the reduction in environmental degradation. Some issues that do arise with these calculations are first, as tires
are used at a mileage closer to their useful life, there will be fewer tires that may be exported but there will be
more that enter the re-tread stream. This may be a one-to-one shift.

12.2.2 Private Benefits

The benefit to individuals is the dollar value of not having to spend as much money on tires over the lifetime
of the vehicle. This can be measured as the opportunity cost of funds. A second private benefit is the
reduction in fuel use. This is a direct gain measured as the expected increase in fuel economy times the number
of people or amount of VMT per person per year.

13. Factors Affecting Tire Disposal
This section examines what factors influence the amount of tire disposal. These factors included different types
of vehicle registrations, the average mileage obtained on tires, and trend effects such as population and
economic growth. The results of the statistical analysis are contained in Table 13.1. The general form of the
statistical relationship would be:

D =f1{(t, q, XRi)
where D is the number of tires discarded, t is a time or trend index, q is some measure of tire quality such as
long wear and Ri is the number of vehicles registered in category i. A number of different functional forms
were investigated and the version reported in Table 13.1 was selected based on statistical fit and level of
explanation (R2)
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Table 13.1: Regression of Tire Disposal on Mileage and Registrations”’

Dependent Variable: LOGTIRES

Variable Coefficient Std. Error t-Statistic
Constant 4.2144 3.0685 1.37
LOGMILEAGE -0.3637 0.2215 -1.64
LOGTIME 0.3789 0.0965 3.93
LOGAUTO 2.2710 0.8361 2.72
LOGTRUCK -1.1565 0.7146 -1.62
LOGTRAILER -1.1255 0.7369 -1.53
LOGMIS -0.1432 0.2159 -0.66
AR(1) 0.3565 0.1562 2.28
R-squared 0.99
Adjusted R-squared 0.98
Log likelihood 45.39
Durbin-Watson stat 2.18
F-statistic 79.69

The regression equation is expressed in log-log form so the coefficients can be interpreted as
elasticities. The equation is explaining how the number of tires disposed of is influenced by the supply of
used tires and the improved quality of tires. First, as the average mileage of tires increases, a measure
of the change in average quality or improved maintenance, it reduces the number of tires disposed. This is as
expected since the VMT per unit of tire use increases, but what is somewhat surprising is the magnitude of
the elasticity, -0.36. This indicates that a 10 percent increase in the tire mileage will result in a decrease in
tires disposed by 3.6 percent. This clearly suggests that any strategy that improves average mileage will have a
significant effect on the disposal rate..

Different types of vehicles contribute to the supply of waste tires. The largest generators of scrap tires are
light-duty vehicles. Table 13.1 gives the elasticity for light-duty vehicles (LOGAUTO), generated from a
log-log relationship, as 2.27 (i.e., a 10 percent increase in light-duty vehicle registration results in a
22 percent increase in scrap tires). This is a dramatic effect and emphasizes the importance of improving
tire wear. The elasticities of tire disposal by truck and trailer registrations (LOGTRUCK) appear to provide
counter-intuitive negative signs. This may be attributed to the high percentage of retread tires (over 50%,
see Section 4.1), and to better maintenance including the recent introduction of auto-inflate systems in
truck trailers (see Section 9.1). Interestingly, the elasticities for truck and trailers are half the elasticity value
for light-duty vehicles. The interpretation is important. On the face of it, it implies that truck
registrations reduce the number of tires disposed of. However, it is not the truck registrations per se but the fact
that trucks and trailers are commonly fitted with retreaded tires and have better maintenance which
significantly improve the life of tires.

The regression also provides a basis for focusing our strategy choice. The regression indicated that over time,
holding other things constant, tire disposal would rise, as one would expect. However, increasing light-
duty vehicles registrations has a dramatic effect of increasing the number of tires disposed of; the
elasticity was measured as 2.27. This suggests that a strategy that increases tire life for light-duty
vehicles will have a considerable effect on reducing tire disposal rates. Second, the use of better
maintenance and retreads can reduce the rate of tire disposal, as illustrated by the truck and trailer
registration elasticities. Therefore, using technology to increase tire life can have a high private and social
return and using strategies to increase average tire life for light-duty vehicles can have a substantial effect on
the numbers of disposed tires.

14. Strategies to Extend the Average Life Mileage of Tires

The previous sections provided the necessary background needed to identify strategies to extend the average
life miles of tires. This sections presents four different strategies to achieve this goal. The focus of this section
is to set up the basic concept underlying each strategy. Effectiveness in reducing the number of waste tires
generated, the economic effect, and implementation aspect are deferred to subsequent sections.

The first strategy, presented in Section 14.1, employs auto-inflate systems to automate tire pressure
maintenance. Educating the public to better maintain their tires is considered as a second strategy in
Section 14.2. The third strategy, discussed in Section 14.3, is centered about a corporate average tire life
standard. Finally, the fourth strategy, outlined in Section 14.4, is based on replacing the flat tire disposal tax
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with a tax and rebate policy that promotes tires that increase the average life mileage of tires.

The four approaches are presented as stand alone strategies. Better results could be achieved if they were
integrated. For example, adopting auto-inflate systems would resolve the acute problem of under-inflated
tires noted in section 3.2.1.1. However, these systems will most likely be installed only as OE. Therefore,
educating owners of existing vehicles to better maintain their tires remains an important strategy that
complements adopting auto-inflate systems.

14.1 Strategy 1: Automatic Tire Pressure Maintenance

The review in Section 3 identified poor maintenance of air pressure in tires as the leading contributor
to reducing the lifespan of tires. Auto-inflate systems, discussed in Section 9, offer a technological solution to
this problem by automatically maintaining tire pressure. Therefore, one of the main advantages of using
auto-inflate systems is the high reliability of the outcome because it does not depend on human
intervention (see Section 20). Thus, the first strategy considered is to equip, after a phase-in period,
all new vehicles with auto-inflate systems as original equipment.

This strategy would increase, with very high reliability, the average lifespan of tires because tire pressure is
automatically controlled. Existing automobiles can also be retrofitted to take advantage of these systems.
But, this possibility is ignored under the evaluation of this strategy. Therefore, a transition period will be
required before the full potential of this strategy is realized.

Auto-inflate systems are equally applicable to both heavy- and light-duty vehicles. In fact, at present
these systems are installed in about four percent of truck trailers nationwide. Track record with truck
trailer shows that auto-inflate systems can significantly extend the average life miles of tires (see Section 9.1).
The proposed strategy is primarily focused on light-duty vehicles because this segment holds the promise of

better payoff. However, the heavy-duty segment should not be overlooked. Nevertheless, the projection of
expected benefits in subsequent sections pertain to the light-duty segment only.

NHTSA’s TPMS rule allows for two levels of compliance (see Section 8). The lower level of compliance, 30%
below placard level, is adopted as the base case against which to compare (see Section 11.1). The reality is,
however, that some vehicles would be equipped with direct TPMSs (i.e., meeting the stricter 25%
compliance option). Therefore, in order to provide a complete picture, the 25% compliance option is also
analyzed in subsequent sections (i.e., the case where all light-duty vehicles would be equipped with direct
TPMSs). Pursuing direct TPMSs is not considered, however, as an integral part of this strategy.

For both auto-inflate and direct tire pressure monitoring systems the initial capital costs and the annual
maintenance costs over the assumed lifetime of the hardware have to be considered. It may also be
necessary to make some assumptions about how these costs might change over time including any one time
administrative costs. The initial costs used are as follows: $21.13 for indirect TPMS, $65.84 for direct
TPMS and $175 for auto-inflate.71 The indirect TPMS was assumed to have no maintenance costs,
and the direct TPMS and auto-inflate system maintenance cost was assumed to be $100 in year 10
(primarily for replacing the battery required to operate the sensors).

14.2 Strategy 2: Educating Consumers to Properly Maintain Tires

Like the first strategy presented above, this strategy also seeks to extend the lifespan of tires by improving
their maintenance. Unlike the first strategy considered that resorted to technology, here the vehicle
owner has to take an active roll to achieve the desired result. Therein lies the weakness of this approach.
Specifically, as exposed by the survey of air pressure maintenance conducted by NHTSA in 2001, the public
does not pay much attention to maintenance despite educational efforts and the high media exposure that this
issue received in the aftermath of the Firestone recall of 14.4 million tires on August 9, 2000 (see Section
3.2.1.1 and footnote 19).

Despite its drawbacks this strategy offers a number of important advantages. First, it is applicable to
the current fleet and therefore, benefits could be immediate. Second, education can cover also vehicle
alignment and tire rotation, issues that are left uncovered by adopting auto-inflate systems. Third, it requires
a relatively modest investment when compared to the technology option. Therefore, this strategy
should not be viewed as competing with the first strategy but rather as complementing it.

Currently, a number of organization are actively engaged in educating the public to better maintain
their tires including the NHTSA, the RMA, individual tire companies, and automakers (some quotes from
various sources are provided in Section 3). Unfortunately, there is very little if any empirical evidence one way
or another as to how effective recent education programs are with respect to tire care or tire recycling. A
method of assessing this strategy is to make some assumptions regarding the response rate to education
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programs, and the influence on increased tire life mileage, based on indirect evidence from other education
programs. One can then make some comparisons with the efficacy of education programs and costs relative

to the one strategy, the auto-inflate systems, that has hard numbers and levels of outcome as per
increased tire mileage.

Education programs have been used in other circumstances to affect consumer behavior. Programs such
as anti-drunk driving, seat belt use, and driving habits on slippery roads are a few that come to mind. In
addition, antismoking education programs have been evaluated extensively. A survey of education
campaigns is offered in Appendix C. The analysis of the present strategy can therefore benefit from
the evaluation techniques employed in these other fields including the calculations of the costs of
developing and implementing the education program.

14.3 Strategy 3: Adopting a Corporate Average Tire Life Standard

The first two strategies discussed above focused on maximizing the lifespan of tires through improved
maintenance. The third strategy shifts to mandating that tires be designed for longer average lifespan. Thus, the
emphasis moves from what happens during the service life of tires (first two approaches) to what could be
done at the introduction of the tire into service (third strategy).

At present, thousands of different light-duty tire models are available nationwide (see e.g., http://
www.nhtsa.dot.gov/cars/testing/utqg/index.htm), composed of many subcategories (i.e., different sizes, and
designs depending on whether they are intended as OE or aftermarket tires). Therefore it is impractical to
address each and every tire model. Rather, the third strategy requires that tire producers meet a
prescribed average tire life mileage across all light-duty tires sold in California.

This strategy would mimic the federal Corporate Average Fuel Economy (CAFE) standard, which led
automakers to improve the fuel efficiency of new vehicles (see footnote 20). The introduction of the
CAFE standard was effective in improving fuel economy for new vehicles. In fact despite warning from
automakers at the time when the CAFE standard was introduced, new vehicles are safer, deliver more
horsepower and torque than their pre CAFE counterparts, and even exceed the demands of the standard.

By law it is required that all light-duty tires have embossed on them the UTQG ratings, which includes a tread
wear rating (see Section 3.1). Because of its universality, the tread wear rating component of the UTQG can
provide the measure for prescribing the desired life. For example, it could be set to 550 (i.e., it would be
possible to set a specific level just like the CAFE standard sets a specific level — see footnote 20).

This CAFE-like strategy would allow tire makers the freedom of continuing sales of high-performance
tires, where they get their highest profit margins, while improving the overall average tire life mileage
for the entire tire population. Moreover, how the life is extended is left open. For example, it could be achieved
by increasing the percentage of long life tires (e.g., those tires that come with a UTQG tread wear rating of 600
or more). An alternative would be to give credits for tires mounted on vehicles equipped with auto-inflate
systems, which would effectively extend the average life mileage of tires. For example, a tire with a UTQG

tread wear rating of 500 mounted on a vehicle equipped with an auto-inflate system might be
considered equivalent to a tire with a 600 tread wear rating mounted on a car without an auto-inflate system.

This strategy presents a much more difficult circumstance in which to measure cost data. The costs
include both legislative and enforcement components. Computing the cost of enforcement may be the easier
of the two because it would be based on an estimate of how many added resources would be need
to undertake some specified enforcement level, over what time and what geographic space, and of course
by whom. Measuring legislative costs is more difficult as developing the °‘Bill” that is passed can be
likened to research and development expenses. Additionally, the costs of lost consumer surplus must also be
counted in any detailed economic evaluation of introducing CAFE like requirements for tire mix.
Consequently, the legislative strategy is treated as a state variable in much the same way as the
minimum current TPMS requirement is taken as a benchmark, and no attempt is made to quantify the costs or
benefits associated with this strategy.

14.4 Strategy 4: Ad-Valorem Tire Disposal Tax/Rebate

The fourth strategy considered is to employ a combination of taxes and rebates to replace the uniform
$1 tire disposal tax with an ad-valorem tax/rebate.73 This strategy is patterned after the rebate program for
energy efficient appliances. The approach proposed here is to use the ratio of the weight of the tire to its
UTQG tread wear rating to determine the ad-valorem tax, so that pounds per mile would be the actual
measure on which the ad-valorem tax is based.
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Taxes, rebates and subsidies are all designed to affect consumer behavior. Placing a tax on low mileage tires
would lead some consumers to shift to longer life mileage tires. Similarly, providing a rebate on longer
life mileage tires would induce people to switch from low to high life mileage tires since the ‘effective’ price
has been reduced. This does not necessarily imply that they would monitor their tire inflation any more
or better than they would with low life mileage tires.74 Nonetheless, when the average tire life
mileage increases, the discard rate is reduced. The method of introducing the change is to use the current
proportion of actual tire life (assuming a given or current attention to proper inflation) to warranted tire life for
shifts from low quality to average or high quality tires.

When introducing either an incentive program such as a tire rebate or subsidy it is necessary to calculate the
opportunity cost of the funds used for the rebate or subsidy based on where they come from. If they are funded
by taxes, they are measured as opportunity cost of public funds. There may also have to be some added
costs for administration of the program. It will be necessary to explore what costs have been used in the
past with similar types of programs.
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Table 13.1: Regression of Tire Disposal on Mileage and Registrations”’

Dependent Variable: LOGTIRES

Variable Coefficient Std. Error t-Statistic
Constant 4.2144 3.0685 1.37
LOGMILEAGE -0.3637 0.2215 -1.64
LOGTIME 0.3789 0.0965 3.93
LOGAUTO 2.2710 0.8361 2.72
LOGTRUCK -1.1565 0.7146 -1.62
LOGTRAILER -1.1255 0.7369 -1.53
LOGMIS -0.1432 0.2159 -0.66
AR(1) 0.3565 0.1562 2.28
R-squared 0.99
Adjusted R-squared 0.98
Log likelihood 45.39
Durbin-Watson stat 2.18
F-statistic 79.69
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