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Selection of Feedback Gains in Lane Change Maneuver
of a Tractor-Trailer Combination

Steve W. MUGUCIA* Ryo TORISU®and Junichi TAKEDA"

I Introduction

The driver of a vehicle has a significant influence on the handling of the vehicle. Due to
the complex behavior of a human pilot, the driver is usually neglected while dealing
with many problems of vehicle handling. However, the effective control of any vehicle
requires a satisfactory match of the vehicle characteristics with the controller
characteristics of the human operator. Studies dealing with closed-loop characteristics
of vehicles and, the human operator models proposed, have tended to be based on
single unit vehicles? 3. The gains in most of the human operator models involved have
been constant thereby failing to take into account the adaptive characteristics of the
operator. Multi-stage computer‘ simulation, of the lane change maneuver of a
tractor-trailer combination with a human pilot, is analyzed. In this paper, only

backward motion is considered though forward motion can be treated in a similar manner.

Nomenclature

A center of front axle of tractor ACxa, ya)
B center of rear axle of tractor B(xs, ys8)
C hitch Clxes yc)
D center of trailer axle DCxp, y0)
a steer angle of tractor front wheels

0 tractor heading angle

* Faculty of Agriculture, Iwate University
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O¢ © the desired tractor heading angle

B * trailer heading angle relative to the tractor

Be ©  the desired trailer heading angle

%4 ©  backward velocity of vehicle

£y tractor wheelbase

£, © distance of the trailer axle behind hitch (trailer length)
h . distance between the tractor rear axle and hitch
H © lateral displacement of desired path

Ya . lateral displacement of point A

B © lateral displacement of point B

b * lateral displacement of point D

Ao © tractor heading feedback gain

Ayp : lateral displacement feedback gain

s  trailer heading feedback gain

I Vehicle Model

A simple kinematic vehicle model; in a fixed plane axis as shown in Fig. 1 is
utilized. The vehicle is assumed to be moving at a constant speed V with small angular
deviations in heading. The vehicle equations of backward motion, derived by Torisu

et al‘%), are :

£.6+Va=0 1)
95—V0=0 @)
yu—V(a+6)=0 (3)
0,5~V E+(£,+h)6=0 (@)
9=V (8+5)=0 (5)

where the dot represents a derivative with respect to time.
Il Operator/ Vehicle System Equations

The model characterizing the human operator behavior is taken from Torisu et al®. In
this model the lateral deviation of the vehicle in respect to the desired path as well as
the deviation in its heading, are perceived by the operator as control cues. The operator
would then steer the vehicle so as to minimize these deviations. In the backward
maneuver, the operator usually controls the tractor-trailer combination while watching
the rear of the trailer. The lateral deviation of point D 1is thus assumed to be the

position control cue. The corresponding human operator describing function is :
a(1)=24(0(1)—0c)+2yp(yp(t)—H)+25(B(£)—f5) (6)

For simplicity, ¢ and fc are assumed to be zero. To obtain the operator/vehicle

model, the vehicle equations of motion are solved simultaneously with the human
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operator describing function. The resulting reduced operator /vehicle system of

differential equations are shown in Table 1.
IV Solution of Operator/Vehicle System Equations

In order to solve the operator/vehicle system of differential equations, the roots of the
characteristic equation have to be determined. The initial and final conditions must
also be specified. The  roots of the characteristic equation can be determined if the
vehicle parameters, vehicle velocity and the gains are known. The vehicle parameters are
determined by the vehicle whose motion is to be simulated. The main task in the
simulation problem therefore, is to determine the proper gains. This task will be dealt
with in detail later on in the paper.

The characteristic equation is a third order polynomial whose roots are found by using
Cardan’s formula for the roots of cubic equations 1? The roots of the characteristic equation
determine the stability of the motion of the operator/vehicle system. If all the roots
have negative real parts, the system is stable. This means that the operator can bring
the vehicle to the desired path. Any parameter combination yielding at least one
characteristic root with a positive real part, would result in an increasing deviation from
the desired path, that is, operator’s loss of control. There is a transition from a stable
domain to an unstable one depending on the movement of the eigenvalues in the s-plane.
The eigenvalues are either real or they appear in complex conjugate pairs. The

transition is due to a pair of complex conjugate eigenvalues crossing the imaginary axis.
V  Selection of Gains

The simulation of the motion of the operator/vehicle system will depend on the choice

of gains. In order to establish permissible ranges of feedback gains, it is necessary to

Table 1 Operator/vehicle system of
differential equations for
backward motion

y ir H - - - :
' S Variable characteristic equation
viation: € o=y o-H b Aeop('S)yD= VslyDH
e y/ 8 Aopp(8) yp=V3Ayp H
22 a dopp($)ya=V*XypH
& a AaD,9<_S)a=0
0 Aopp(s)6=0
B B 4opp(s) =0
B Yo _ .
= ¢ Kernel polynomial operator :
8/ A Aopp($)=£1£02 8* —V(0 1= 02260 2257 hAp)s?
—V2Qe+hdyp)s— V2 yp
/

5 — < Human operator describing function :

. a=Ag0+2 —H)+2
Fig. 1. Layout of tractor-trailer : o0+ 2y0(yo— H) 4255

combination Note s : Laplace operator
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obtain the stability diagrams. A typical stability diagram is shown in Fig. 2. In single-
stage simulation, suitable constant gain values are selected by trial and error. The roots
of the characteristic equation are then determined. Given the initial and final
conditions, yp(#) is calculated at given time intervals. The values of «(#),8(#),and 6(#)
are then determined from the operator/vehicle equations of motion, for the same time
intervals. The values of v4(#) and ys(#) are then determined and the trajectories
of 34, ys and yp plotted. Single - stage simulation has however been found to be
inadequate, since the human operator seems to change his gains with time. For this
reason, multi-stage simulation, in which the gains are changed during the maneuver,
is employed.
Multi- stage simulation

In multi-stage simulation, the maneuver is divided into several stages. In the first
étage, the initial and final values of the gains are chosen by trial and error. The
gains are then changed by equal amounts per time interval during the duration of the
stage. In the subsequent stages, the final gain values of the previous stage are adopted
as the initial gain values for the new stage. The final gain values for the new stage are
again selected by trial and error. This process is repeated until the final stage is reached.

With each change of gain values, the new roots of the characteristic equation are determined.

UNSTABLE STABLE UNSTABLE
Input vehicle
parameters, initial and
final conditions

Set number of stages and

#___.<::::::: initial gain values for

the first stage

u;frgquency

. I
= -1 4 1 2 3 I

Set number of time
=24 real root intervals and final
gain values for a stage

o:amplitude

Determine gain values l
Fig. 2 Nature of characteristic roots as for each tine interval Next
the tractor heading gain 4s | stage
Changes Determine roots of
characteristic equation
for each time interval
. : Next time
Table 2 Vehicle parameters interval
Calculate the values of
Yar Ygr Yp» @, B, and 8
for each time interval
Parameter Value

End of stage

tractor wheelbase £ 1.32 (m)
hitch distance h 0.42 (m)

trailer length £, 1. 60 (m)
travel velocity \% 0.22 (m/s)
lane change width H 6.0 (m) Fig. 3 Flow chart of multi-stage

simulation process
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The values of y4(8), y5(2), (), a(#), A(¢), and 6(¢) are then determined. The process

is summarized in the flow chart shown in Fig. 3.
VI Analysis of the Motion of Tractor-Trailer Combination

A tractor/ trailer combination, whose parameters are shown in Table 2, was operated
by operators of varying skills, in simulated lane change maneuvers, at a constant
velocity on a flat tarmac surface. The trajectories of the centers of the tractor front
axle, tractor rear axle and trailer axle, were recorded. The time histories of . the
steer angle and the trailer heading angle relative to the tractor were also recorded.

Multi-stage simulation of a number of sample lane change maneuvers was carried out.
It was found that using multi-stage simulation, the motion of the tractor-trailer
combination could be predicted adequately. Fig. 4. shows the results of a sample actual
maneuver. The simulated result of this maneuver is shown in Fig. 5. The simulation was
carried out in six stages. It is evident that the actual and simulated .trajectories are quite
similar. The change of the gains during the simulation are shown in Fig.6. In choosing the
gains it was observed that, with all the gains in the stable range, it seemed that the motlon
of the vehicle was very sensitive to any slight change in the lateral displacement gain
Ayp. On the other hand, as long as the value of gain 15 was in the stable

region, changes in the value of this gain didn’t seem to have any significant effect
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ol . | : on the motion. Gain 24 could therefore
@ ) i | e .
E_'G /1 : L ! } 064 5 be kept constant. Although the vehicle
et | ! 1 S . . .
ERRE | \ -k g ’ sensitive
s R PR TN 2 T o | SCA R motion didn’t seem to be very
Bl 0 . . .

S8l ! i - -.18° o« to changes in gain 44, there was still an
FASECE L . 18 %

Y| . . .
o sl | 0o ! & 8 3 appreciable effect. This can be interpreted
ne b ! et 6
2 i : : = ! = tomean that, an operator operates a tractor-
I e A ) T : :
s 0 20 40 60 80 100 trailer combination with relatively more

. . i laced on the perception of
Fig. 6 Change of feedback gains during emphasis placed up percep

multi-stage simulation of the the lateral displacement than on heading.
backward maneuver

VI Conclusions

The following conclusions can be drawn from this work

1) Multi-stage simulation of the motion of a tractor-trailer combination with a human
pilot has been analyzed, and the selection of the gains in the human operator
describing function explained.

2) The motion of a tractor-trailer combination with a human pilot can be adequately
predicted by multi-stage simulation.

3) It was observed that, the human operator seems to operate a tractor- tra_iler
combination, with relatively more emphasis placed upon the perception of lateral
displacement than on the heading.
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Frequency of Sukui-dume used for Reverse Rotational Rotary Tillage

Takashi KATAOKA *+ Sakae SHIBUSAWA "~ Yasuyuki KUCHIKI
Tatsuo HIROMA™ - Yoshinobu OTA "

Abstract

When we cultivated heavy clay soil using the reverse rotational rotary tiller with the
special blade called “Sukui-dume”, the cut clods frequently had many cracks and minute
undulation on their surfaces across the cutting direction. That is to say, there was high
speed and minute blade interaction, such as the elastic vibration, between the clods and
the blades, which was different from the rotational soil cutting action.

This paper describes the result of the natural frequency of the blade and the blade
elastic vibration on soil cutting. The blade vibrations were measured by strain gages
set on the blade surface. The natural frequencies and the number of vibrations of the
vertical part of this blade are calculafed by Fourier analysis. The torsional vibration is
approximately 160 Hz and the bending vibration is approximately 300 Hz. When the
blade is cutting the soil, the torsional vibrations of vertical part of the blade are 100

— 270 Hz and 500 — 600 Hz.
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Studies on the Discharge Characteristics of the Hopper (II)
—— On the Flow Rate of Plastic Particles in the Flat-Bottom Hopper—

Akira AKASE®, Junichi KAMIDE®, Akihiko YAMAMOTO"

Abstract

Authors investigated the discharge characteristics of three kinds of plastic particles using

the flat-bottom hoppers with the orifices of various shapes and sizes. Main results.

are as follows;

1. The relation of diameter d (cm)and volume flow rate Qv (cm®/s)of the circular orifice
is Qv = 4.9944%"

2. Volume flow rate has less effects of kind of particles than mass flow rate.

3. Volume flow rate of particles with large internal friction angle is small.

4. The volume flow rate per unit orifice crosssectional area is flowing velocity. It is rea-
sonadle to use effective crosssectional area in oder to compute flowing velocity.

5. In a rectangular orifice Q,/d,? is nearly constant at any aspect ratio of rectangule.

6. The effect of the sidewall of the hopper on flow rate is small.
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Rough Rice Drying by Heat Pump Dehumidification
— On the Drying Result Applied to a Circulating Type Dryer —

Lin-hong ZHANG ", Fiji BEKKI®

Abstract

After removing burner parts from a commercial circulating type dryer, replacement
was made with a 0.3kW dehumidifier and a 1.8 kW supplementary electric heater. The
rate of dehumidification and drying capacity was decided upon to keep equipment
investment cost as low as possible. Experiments on dehumidifying drying were carried
out by charging the dryer with 1.4 tons of rough rice corresponding to about sixty
percent of full loaded batch of 2.4 tons and air flow rates were regulated at three
levels in the range of 3.5 to 4.0 nf/s.t in the drying column. The air which passed
through the dehumidifier and the heater could be controlled easily, rising several degrees
in temperature and dropping below 65 % relative humidity at the different air flow.
rates. The drying rates obtained were around 0.1%/h, resembling the results that
several domestic researchers found under the similar conditions. These low rates are
difficult to match with the high harvesting abilities (e. g. 20a/h) of a small combine .
It may be necessary to adopt a new drying method which incorporates temporary storage
bins to hold eight times as much receiving capacity as usual circulating dryers.
Quality of rice after dehumidifying drying was the same as that processed by natural

drying and better than that obtained by high rate drying using burner heat.
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Study on Effects of Multiple Usage of Drying Plant on Cost Reduction
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The Study on Frozen Taros Thawing

Mitsuhiko KATAHIRA » Hiromichi KATO » Hiroshi FUKUCHI *

Abstract

The purpose of this study is to determine the optimum thawing method of frozen taros.

The test provided six blocks.

Free drip and expressible drip were used for the method

of selection, becouse both methods were an index of quality changing.

The result of test has the better data in the thawing temperature block 50 °C, 20 °C,

5°C (Free drip is less than 1 %.

temperature block.

Expressible drip is 30 ~ 40 %) than the other

When a high thawing temperature of 50°C was used, the temperature

difference between center and surface were quite large, in the order of 10°C, However

temperatures of 5°C and 20 °C produced

small differences abut 2 ~ 3°C, therefore

they are the optimum temperature of thawing frozen taros.
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Physical Properties of Dairy Cattle Solid Waste

Kazunori IWABUCHI", Jun-ichi KAMIDE

Abstract
This paper describes the physical properties of dairy cattle solid waste including saw dust
of a Japanese cedar., We determined a specific gravity and a specific surface area of the

solid waste particles, and three phase (solid, liquid, gas) ratio in the piled solid wastes,

0.8 m in height, for a month. The results obtained are . summerized as follows:;

1. The mean of the specific gravity is about 1. 5.

2. The specific surface area of the particle is about 315 m?- gL

3. The distribution of the three phase

ratio does not change from the surface

to the bottom of the piled solid waste. The ratio of solid and gas are
about 4.3, 24.5 and 71.2 %, respectively.

4. The three phase ratio does not change so much if the piled solid waste is compressed

by it's own weight.
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Fig.1 Schematic diagram of solid, liquid
and gas phase.
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Table 1. Specific gravity of the experi-
mental materials.

Specific gravity

Feces (Gr) 1:54

Saw dust (Gsp) 1.47
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F4 BIEE » F OBEREEBIK

K4 | kg | TR | &2 Ry VU FE
® |16 mm |23 mm |31 mm 200
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VAN7Te 7 27 m 3.4 6.1 9.6 3.5 14.6 0.9 23.0
VAnv7aey, 7 35 m 3.7 7.7 9.3 4.8 9.6 1.6 21.2
N—S—Ey P12 3.6 6.7 8.9 4.1] 15.6 1.31] 16.9
H2 %5 7, |5 8] 20 |BEHFy T @ 2.2 3.4| 92| 15| 141| 0.3] 19.4
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Development of Screw Type Furrow Opener for Riding Type Rice Transplanter

Yasunobu WADAYAMA™, Yoshiharu KAGEYAMA®, Susumu HASHIMOTO™
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H B HEHI MEWI & B B £ w 7 BHMRETD FBHNRETI
fE % % B B  1991.6.25 1991.6.25 1991.6.28 1990.7.6 1992.7.7 1992.7.7
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#£3 KTRREHOMI I (19914 HE)

. q Ko TomE KR TORE & (&
20kgf 30kgf 40kgf 20kgf 30kgf 40kgf 20kgf 30kgf 40kgf
5 mfsifE # it H(m) 5.0 85 11.6 6.7 11.0 13.7 59 9.8 12.6
£ % B BEERZE () 4.4 5.1 4.5 4.2 4.3 3.3 4.4 4.1 4.1
TEMEH (%) 86.6 60.5 38.6 62.8 39.1 24.3 74.2 50.1 32.2
10mfElRE # W™ J7(em) - - — 1.9 53 10.0 1.9 5.3 10.0
£ @B BEERZE(m - - - 1.6 3.4 4.4 1.6 3.4 4.4
EERE(%) - - — 83.4 654 43.8 83.4 654 43.8
H i H(em) 5.4 10.3 12.8 81 12.5 14.3 6.8 11.4 13.5
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> B EXR 339 610 942 (2) fEFREEI, KXHEKH%Y 5~10 mfHEfRE
BGHREE (%) 0.47 0.26  0.45 CAEHE LIS, FELER2E» T 40 ~ 60
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e B4R 5 2.1 42. 6 39.9
*t i 1.2 46. 3 43.6

a/h TH%5,

(3) fEERFDKFEDOBEEL, 1 hEE (180
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FRCIRE LB E, BEKREL 0.5 ZRET,
BUREI&IBMTH 5,
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KOERTEA I L In b, INEIIC KT % Hofit 1o
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Break up Method of Hardpan in Drained Paddy Field for Upland Crops (Part 2)
—— Effect of Tillage on the Yield of Soybean and Characteristics

of Rotational Paddy Field —

Yasuo OHSHITA*' Toshihiko IZAWA*° Mikio YASHIRO*

Abstract

One of the main factor for a rotational paddy field to be made effective good soil

property is to dispose hard pan. For a drained field, it is necessary to break hard pan

for drainage and aeration. Conversely, for a paddy field, hard pan prevent water leakage.

Three types of tillage were compared; one broke completely hard pan with a deep rotary

tillage, two broke partly hard pan with a subsoiler, three maintained hard pan.

Aeration, drainage, and the yield of soybean

in a drained paddy field with completely

and prtly broken hard pan were better than maintained hard pan. The paddy field with

completely broken hard pan needed much irrigation requirement. . Furthermore, transplanting

machines fell in a paddy fieldy with completely broken hard pan.

With a synthetic decision, the partly breakage of hard pan is best way for rotational

paddy field.

Keyword : Rotational paddy field, Hard pan
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Agricultural Products Storage System Utilizing Thermal Storage (Part 2)
— Temperature Control Performance of Rice Seedling Storage

and Storage Limit of Rice Seedling —
Yasuo OHSHITA *+ Mikio YASHIRO + Toshihiko IZAWA

Abstract

A storage facility cooled by natural energy of winter coldness was described in the
previous report. In this research, the working test for storage of rice seedling was
achieved from May to July. The temperature of storeroom was regulated so as to be
at abut 8—12°C in May. The performance of temperature controlling was approximately
satisfactory. The temperature, however, sometimes rose more then 20 °C for the reason
of poor heat insulation and high temperature of outside in June.

The rice seedling stored for shorter than 30 days took roots after transplanting to
paddy fielci. The rooting ability of the rice seedling for about 60 days storage decreased
approximately one-half. The rice seedling treated germicide had a higher rooting ability

than the intact rice seedling.
Keyward : Thermal storage, Rice seedling storage, Rooting ability
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