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ABSTRACT

Mode driving is being automated using automati ¢ driving units (robots) with the aim of reducing the number of man-hours
needed for the measurement of automobile exhaust gases. Automation using robots offers significant advantages, particularly
in high-altitude exhaust gas emissions tests, as it liberates workers from harsh working environments.

This system makes it possible to fully automate all work procedures by constructing automatic cooling fan start/stop
systems and automatic hood opening/closing systems, which wereissuesfor full automation with robotic driving under high-
atitude conditions. In addition, vehicle speed trace accuracy relative to changesin atmospheric pressureinside thetest chamber
equivalent to that for driving with a human driver was realized by using separate accel eration parameters for low- and high-
atitude conditions and optimizing the control parameters. These changes made it possible to reduce the number of staff and
time required for tests and to eliminate tasks in harsh working environments.

1. Introduction

Automobiles are used in a variety of different
environments. Conseguently, the measurements made to
quantify an automobile's impact on the environment are
required by regulation to be conducted under a diverse set
of modes and environmental conditions. The number of
verification tests needed to satisfy these regulationsis also
increasing. Thus, thereisagrowing demand for automation
of exhaust gas emissions and fuel economy testing in order
to reduce the man-hours expended to handle the increasing
numbers of these tests.

The demand for automationisof coursein part for labor-
saving reasons. However, automation is also instrumental
in eliminating the need for workers to work in the harsh
working conditions involved in working in environmental
chambers under such conditions as low temperature, solar
radiation and negative pressure and in improving the
reproducibility of driving results. Great strides have been
made recently in the development of technol ogiesrelated to
automation. The use of an automated driving device (robot)
instead of ahuman being to drive test carsis one extremely
effective method of automation. This device is commonly
used for vehicle engine endurancetesting. Itisalso used for
exhaust gas emissionsand fuel economy testing of carswith
their air conditioning running. Testing with the air
conditioning running takes place in atest room under very
harsh working conditions. The temperature is maintained
at the very hot temperature of 35°C, with the additional use
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of solar radiation devices to simulate the environment of a
mid-summer day in California

The high-altitude exhaust gas emissions test (high-
altitude test), conducted at the equivalent of a 1600 m
elevation, requires a greater expenditure of man-hours than
thelow-altitude exhaust gasemissionstest (low-dtitudetest).

The purpose of conventional devices was for the robot
to drive in place of a human during driving modes. It was
not envisioned that the robot would replace humans when
conducting operations other than driving. Consequently,
such a device would not provide sufficient advantages for
usein high-altitudetests. Thereasonisthat, although humans
can easily enter the test room to perform such actions as
opening and closing the hood and operating the engine
cooling fan during the low-altitude test, this is not the case
during high-altitudetests. Therobotsarenot ableto perform
these operations, and humans cannot enter and leave thetest
room easily due to the need to acclimatize to the pressure
change each time. Thus, there has been no particular benefit
in using robots for those tests.

Theauthors have applied the use of robotsto high-altitude
testing, and improved the device to fully realize automated
testing. This paper introduces the improved device and the
robot’ s high-altitude driving performance.

2. Development aims and target requirements

The high-altitude tests conducted at the equivalent of
1600 m elevation require more man-hours than the low-
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altitude tests. Therefore, we studied methods of replacing

human operators with robotsin order to improve efficiency

of high-altitude test operations and minimize the labor

burden. The robots, however, were constructed to replace

only the driving function. In the past, the operators of the

negative-pressure test room operated the vehicle, turned off

the cooling fan, and opened and closed the hood. Therefore,

the aim cannot be achieved by robots that simply replace

the operatorsfor the driving mode alone. Automating these

operationswould achievethe objective of raising operational

efficiency and reducing the labor burden.
Thefundamental requirements came under thefollowing

four headings:

(1) Thedeviceiscapable of conducting testsin conformance
with formal test methods as prescribed by regulation.

(2) When using the LA4 mode, the robot driving
performance is equa in low-atitude and high-altitude
testing. In addition, both humans and robots are able to
follow the same vehicle speeds.

(3) Action to avoid danger is to be taken in the case of
emergency.

(4) For practical purposes, thedeviceisgenerally applicable
to al vehicles, not just to certain ones.
The issues that needed to be resolved came under the

following four headings:

(2) Opening and closing the hood and turning the cooling
fan on and off in a negative-pressure environment

(2) Conforming to differences in throttle opening when
driving in low-altitude and high-altitude tests

(3) Setting robot driving performance to be on a par with
human performance

(4) Detecting malfunctions and avoiding danger when
malfunctions occur

3. Overview

The conditions were set with the negative-pressure test
room at the equivalent of an atitude of 1600 m as the
standard. The temperature in the test room is adjusted to
within 25°C+2°C, and the humidity to within 50%x10%.
The double roller chassis dynamometer is used.

The control unit for the robot is installed in the control
room, with only the mechanical unit installed in the vehicle.
Thismechanical unit is constructed presupposing use under
other environmental conditions, with a heater warming unit
to make it capable of trouble-free operation even when left
at temperatures as low as —25°C. The mechanical unit is
shown in Fig. 1, and installed in avehicle as shown in Fig.
2.

The previous method of conducting tests with human
driversrequired two peoplein the test room and two others
in the control room for safety reasons. This was done so
that an extraperson would be availableto helpif thedriver's
physical condition deteriorated in the negative pressure
environment. Two people would be present in the control
room so that one person could enter the test room to helpin
case of an emergency, while the other person could operate
the equipment. When testing with a robot, the test room is
unmanned, and one person is sufficient in the control room
because of no possible human emergenciesin thetest room.

Fig. 2 Mechanical unit with vehicle

It requires some time for human beings to acclimatize
their bodies to the pressure when going from the control
room into the test room under negative-pressure conditions.
Consequently, entering and leaving the negative-pressure
test room takes 12 minutes each way. This 12 minutesis
required at an altitude of 1600 m, and still higher elevations
require correspondingly longer times. This situation is
outlinedinFig. 3 and Fig. 4. Thisrequirement for additional
time and personnel increased the required man-hours before
testing was automated.

A U.S. model ULEV Accord with an automatic
transmission was used as the test vehicle.

The matter of selecting astandard for therobot operating
accuracy was a subject for discussion. The driving style
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Fig. 3 High altitude test schedule

— 36 —



Automation of Mode Driving Operation for Exhaust Gas Measurement

Test room Control room
12min «::IZ[['III:

________________________ L__ IZI::' 12min

Test M.echanical ]

vehicle| unit -I Robot controller
Cooling Cooling fan

controller
fan
625 mmHg 750 mmHg

Fig. 4 Test room layout

was eventually based on adriver with three or more years of
experience in testing. However, there are individual
differencesin driving according to thedriver. Somedrivers
follow the benchmark speed exactly while others
continuously predict the future and smoothly follow the
preceding vehicle. Therefore, an ordinary driving stylewas
selected as the standard.

4. |ssue-resolution measures

4.1 Issue 1: Changing of the device

Thehigh-atitude testing requiresthe engineto be stopped
for a 10-minute period (soak), which is an obstacle in the
conventional test system. The LA4 mode shown in Fig. 5
hasthree driving modes: cold transition (CT), cold stabilized
(CS), and hot transition (HT). A soak is mandated between
the CS and HT modes. At the start of the soak period, the
engineisstopped, the hood is closed, and the engine cooling
fanisturned off. When the soak ends, the engineis started,
the hood is opened, and the engine cooling fan is turned on.

These operations were conventionally carried out by the
driver, which meansthat the high-altitude test as conducted
previously could not be performed unmanned.

Fig. 6 shows a comparison between the measurements
of exhaust gas emissions with the hood open and closed
during the soak period in the LA4 mode. When thehood is
open, the NOx emissions tend to increase. This meansthat
the NOx emissionsva ueswill end up differing during formal
tests. This happens because the temperature changesin the
catalyst and the exhaust pipe.

An even greater difference than that occurring due to
the hood being opened and closed appears in the exhaust
gas emissions when the engine cooling fan is not turned off
during the soak. This occurs because the engine cooling
wind blows directly on the exhaust pipe as far back as the
catalyst; thus lowering the catalyst temperature.

As the opened and closed condition of the hood has a
significant effect on exhaust gas emissions, full automation
by robot cannot be achieved unless this operation is also
included as part of the automated test procedure. The
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Fig. 6 Comparison of emissions with the hood open
and closed (LA4 HT)
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required operation is opening and closing the hood during
the soak. Therefore, a wire rope was attached to the front
edge of the hood, and a reel was installed at the ceiling to
reel theropein and out and thereby raise and lower the hood.
Thisdeviceis shown in Fig. 7. The device was taught the
hood open position in advance, and an upper torque limit
was set in order to prevent the vehicleitself from being lifted
up in the case of amalfunction.

The switch for the engine cooling fan is mounted in the
test room. Therefore abranch extension of the switch tothe
robot was installed to synchronize switching the fan on and
off with the robot operation. The device for opening and
closing the hood was linked to the robot in the same way.

e 2

Fig. 7 Automatic hood open-close system

4.2 Issue 2: Differing air densities due to altitude

Differing air densities at low and high altitudes mean
that the throttle opening will be significantly different even
for identical driving operations. The robot is programmed
with astandard accel eration valuethat isbased ontheengine
output and throttle opening. If the vehicleis accelerated at
high altitude using the standard throttle opening for low
altitude, the desired accel eration will not be obtained because
the lower air density reduces engine output (acceleration).
In order to obtain the same acceleration at a high altitude,
the throttle must be set to open farther than at low altitudes.
Using the standard low-altitude acceleration value at ahigh
dtitude will have anegativeimpact on driving performance
and exhaust gas emissions values because efforts to follow
the set vehicle speed will be impeded.

Itisnecessary, therefore, to teach the device the separate
throttle openings for low and high altitudesin advance, and
to managethe low-altitude and high-altitude data separately.
This method eliminated the difference in exhaust gas
emissions figures between low and high altitudes that
occurred with the robot driving.

Fig. 8 presents comparisons for fuel economy at low
atitude and high altitude and fuel economy with human and
robot vehicle operation. The discrepancies that arise from
the differenceswhen operating at low and high dtitudeswere
studied with reference to differences in fuel economy.
However, the differences between resultswith human drivers
and robot driverswere extremely small at both low and high
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Fig. 8 Comparison of low and high altitude FE
for human and robot vehicle operation

altitudes. Thisconfirmed that the device posesno difficulties
from the standpoint of practical application.

4.3 Issue 3: Individual variations in following set vehicle
speeds due to drivers

Individual variations in following the set vehicle speed
occur with different drivers. The regulations prescribe a
certain acceptable margin with respect to the standard speed,
so that following a speed within that range poses no
difficulty. However, variationsin vehicle speed trace affect
exhaust gas emissionsand fuel economy, making it necessary
to impose some kind of driving standards. Consequently,
the standard sel ected specifiesadriver who hasthree or more
years of experience in testing and the ability to follow the
set vehicle speed. Operation of the throttle is an important
element in the ability to follow a set vehicle speed. Driver
throttle operations can be grouped under three general types.

The standard of a driver who has ordinary speed trace
abilities will be defined here as the standard trace. When
following the vehicle speed, some drivers will be slow and
others will be quick in operating the throttle relative to the
deviation between the target vehicle speed and the current
target vehicle speed. The former type will be defined here
astheslow trace, thelatter asthe quick trace, and thetypein
between those two as the standard trace.

We decided to set the robot to have vehicle speed trace
abilitiesequivaent to the standard trace. The speedfollowing
control constant for the throttle was adjusted accordingly.

The details of the adjustment are explained here. When
the control constant causes a sluggish response to keeping
the target speed within the acceptable margin of the vehicle
speed range, driving with that control constant constitutes
theslow trace setting. Conversely, when the control constant
causes a sensitive response that very quickly brings the
vehicleto thetarget speed, driving with that control constant
constitutesthe quick trace setting. The control constant that
lies between those two constitutes the standard trace setting.
The standard vehicle speed prescribed by the test method is
defined asthe trigger speed. Fig. 9 shows a comparison of
different vehicle-speed trace performance. Thisis a
comparison of vehicle-speed trace performance within the
55 to 65-second period of LA4 mode initiation. The line
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that shows relatively little variation from the trigger speed
representsthequick trace. For further comparison of throttle
operation, Fig. 10 showstheintake manifold pressure. Itis
apparent that frequent application of thethrottlefor the quick
trace isawasteful activity. The slow trace performs future
projection for driving with as little throttle application as
possible, so there is less waste in throttle operation.
Consequently, for the purposes of speed trace performance
and throttle operation, the standard trace was set between
those two, and it was decided to use the standard tracein the
standard control constant for robot operation.

Fig. 11 presents the relationship between vehicle speed
trace performance and exhaust gas emissions figures.

Vehicle speed trace performance has little effect on
exhaust gas emissions figures. In terms of fuel economy,
quick trace causes a 0.6% degeneration, but standard trace
produced stable results for both fuel economy and exhaust
gas emissions.

The control constants we determined were also used for
verification with vehiclesother than the Accord. Theresults
showed that the requirement for vehicle speed following was
satisfied using the determined control constants.

Thefollowing vehicleswere confirmed to raise no issues
when tested with this control constant:

(1) NSX with asix-speed transmission (MT and AT)

(2) Legend with afour-speed transmission (AT)

(3) S2000 with asix-speed transmission (M T), also verified
using the push-button starter

(4) Civicwith afive-speed transmission (MT and AT), also
continuoudly variable transmission (CVT)

(5) Insight (hybrid vehicle) with a five-speed transmission

(MT and AT), alsowith CVT

45

€ Speed
2 40
é //'
§ 35 /
o RN &
g 30 w'
Q
E’ 25 Trigger speed
20 1 1 1 1 T B Slow
55 56 57 58 59 60 6 Standard
Time (sec) | —-— Quick

Fig. 9 Vehicle speed trace

Intake manifold pressure (mmHQ)

=) 0 . . . .
T
IS 5 56 57 58 59 60 61 62 63 64 6b
£ -100
° S¥oe
5 200 TN
2 -300 L R g
5 I = N
o -400 r]
L ¥
'g -500 77 -=== Slow trace ]
€ 600 —— — Standard trace | |
) h —-= Quick trace
g -700
- Time (sec)

Fig. 10 Intake manifold pressure

CcO
2
ULEV Regulation
15
)
£
2 1
o
O
0.5
Slow Standard Quick
Trace speed
NMHC
ULEV Regulation
0.04
E 0.03
£
\9 0.02
O
I
>
< 0.01
Slow Standard Quick
Trace speed
NOXx )
ULEV Regulation
0.2
0.18
0.16
~ 0.14
2
E 0.12
2 0.1
5 0.08
Z 0.06
0.04
0.02
Slow Standard Quick
Trace speed
FE
26
25.8
g
E 25.6
E
W 25.4
T
25.2
25 1 1 -
Slow Standard Quick
Trace speed
Fig. 11 Comparison of emissions and FE for slow,

— 39 —

quick, and standard trace speeds



Honda R&D Technical Review

Vol.13 No.1 (April 2001)

4.4 Issue 4: Countermeasures for malfunctions

The device is intended for use in unmanned testing in
the test room. It is necessary, therefore, to install monitors
to detect tire blowouts or other vehicle malfunctions that
may occur. Consequently, vehicle position monitoring
sensors were installed to monitor vehicle behavior in the
vertical and longitudinal directionsfor malfunctions. Engine
speed is aso monitored, and malfunctions are identified by
the engine stopping or exceeding a set speed. The control
room is notified by an alarm when a malfunction occurs,
and an emergency stop function is activated to prevent
accidents.

5. Effects

5.1 Eliminating highly burdensome work

The use of rabots to replace the workers who drive and
manage operations in the negative-pressure test room has
eliminated the need for those workers to conduct testsin an
environment that imposes a heavy work burden. Making
the transition to a high atitude in a short time can have a
negative effect on the human body. Engine devel opershave
been requesting the elimination of testing that required them
to enter the negative-pressure environment of the test room.

5.2 Labor savings

Safety measures for high-altitude testing formerly
required the presence of two workersin the negative-pressure
test room and two workers in the control room, so that the
work standards mandated four workers in al. The use of
robot driving, however, has made it possible for a single
worker to conduct tests. A single test can now achieve a
personnel reduction of three workers.

5.3 Time savings

It previously required atotal of 24 minutesfor the tester
to enter and | eave thetest roomin order to makethetransition
from low-dltitude to high-altitude testing. Elimination of
the need for this time has made it possible to cut the time
needed by 30%. There was no way to reduce the time
required to enter and leave the negative-pressure test room
by ingenuity or effort, but automation has made it possible
to increase the number of tests conducted in one day.

5.4 Other effects

Advances madein exhaust gas purification performance
in recent years have narrowed the difference between
concentrations of emissionsin the atmosphere and in exhaust
gas. A major part of total exhaust gas emissions across the
measurement modes is now made up of the highly-
concentrated emissions that occur in launches immediately
after engine start-up, before the catalyst is activated.
Automated testing by robot provides superior reproducibility
of driving immediately after engine start-up. This has
improved the accuracy of exhaust gas emissions
measurement and enhanced the value of the data.

6. Conclusion

The replacement of drivers by arobot for high-altitude

testing and automation of the operations of opening and
closing the hood and turning the cooling fan on and off have
eliminated the need for human labor in negative-pressure
environments. The device deals with driving performance
by changing between low-altitude and high-atitude data,
and achieved vehicle-speed trace performance by optimizing
the control constant. Test results have shown that there is
no difference between manned and unmanned testing.

Consequently, the device has enabl ed the elimination of
workersfrom work that imposesaheavy burden. It provides
labor savings and time savings, which has significantly
improved operational efficiency. This has also brought
improved reproducibility of exhaust gas emissions and fuel
economy and enhanced the value of measurement data. For
the future, we intend to develop further expanded
applications for improving test efficiency and for testing
under even harsher environmental conditions.
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