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CHAPTER 5

ALTERNATIVE SKILL TEST (AST)

5.1 INTRODUCTION

It was shown in the last chapter that some of the test exercilses
in the MOST were better sklll discriminators than others. This
knowledge was used in the second experiment to investigate how suc-
cessfully riders of wvarying levels of skill perform tasks in a
situation where they are required to respond in one of several known

ways, but without prior knowledge of the current task.

An Alternative Skill Test (AST) was deslgned to measure the crit-
ical perceptual-motor skills addressed by the MOST, but also to
incorporate elements of surprise and decision making. The inteantion
with the AST was to create a test which is more representative of
actual on-street situations where a rider has to respond to a variety

of randomly-sequenced traffic events.

5.2 SELECTION OF TEST MANOEUVRES

In order to determine which manoeuvres would be most useful for

the Alternative Skill Test, the followlng criteria were established:

] tasks should be ilmportant to safe riding

e the task difficulty should be variable

. tasks should be sensitive to rider skill level

. elements of actual street riding, i.e. decision making

and surprise, should be incorporated
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° problem(s) found in the MOST should be overcome
° the feasibility of application in a licensing program

should be considered

The manoeuvres in the MOST which were determined by the Task Ana-
lysis of the NPSRI (1974) as being highly critical to safe riding, and
which were found in the first experiment to be the most difficult

were.

exercise 7: quick stop - straight
exerclise 8: obstacle turn

exercise 9: quick stop - curve

The analysis In the previous chapter showed exercise 7 to be a good
test exercise in terms of score frequency distribution and, to produce
a significant difference in score between McPherson and McKnight’s
‘pilot s8tudy group’ and the more skilied riders in the present study
group, Their ‘operational test group’ (another less skilled group)
also scored worse than the present study group on thia exercise.

Exercise 7 was therefore chosen as a manceuvre for the AST,

The avoidance manoeuvre, exerclse §, alsc had a good score fre-
quency distributicon 2and showed a significant difference between the
pilot study group and the present study group, although for the opera-
tional test group the test score difference was not likely to be
gignificant. Manoeuvres similar to exercise B have been used in pre-
vious studies to 1nvestigate skill differences. For example, Rice
(1978) observed and recorded the performance of three ridera of vary-

ing skill levels in a lane-change manoeuvre and commented aa follows:

"This manoeuvre, when performed at near limit conditions,
calls into play the full skill and willingness characteristics
of the rider and thereby offers a suitable means for differen-

tiating rider actions,
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This manceuvre has a self-evident relation to accident avoidance and
is considered, in many situations, to be preferable to braking, since
braking sharply may put the vehicle in conflict with a following vehi-
cle (McPherson and McKnight, 1976),

In exercise 9 the present study group’s performance was poorer
than for the two other groups, which is not consistent with the
results obtained for exercise 7 and 8. Possible reasons for the poor-
er performance of the (assumed) more highly skilled group were
discussed in Section 4,5. It seems that scores in this exercise may
be rather sensitive to the characteristics of the particular motorcy-
cle used. In addition, thils manoeuvre was found to be undesirably
hazardous for routine skill testing: one relatively skilled rider

dropped the motorcycle and several others very nearly did so.

0f the three exercises consldered, therefore, straight line brak-
ing and obstacle avoidance were selected for the AST. As employed in
the MOST, these two exerclses satisfy several of the criterla present-
ed earlier. A number of modifications to the exercises, and to the

general test procedure were made to satisfy the other criteria.

5.3 DEVELOPMENT OF TEST MANOEUVRES

Whereas in the MOST, riders knew in advance precisely what each
exerclse entalled, in the AST they were required to detect, and
respond appropriately to, a variety of “traffic’ situations simulated
by an array of signal lights. Figure 5.1 shows the various “hazard’
situations encountered by the riders as they rode along a straight
traffic lane (depicted in Figure 5.2). Different trials, therefore,
could require a mandatory stop or an avoldance manoceuvre in a command-
ed direction, or a cholce between braking and avoldance, interspersed

with ‘no event” trials in which no special action was required.

The task difficulty for the braking and obstacle avoidance
manoeuvres was also manipulated by sometimes introducing a time delay
into the circuit for triggering the signal lights, thereby reducing

the manoeuvring length available, 1If the manoceuvring length for the
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(no hazardi continue straight
ahead) .

EMERGENCY BRAKE

(hazard is directly infront no
escape route; must emergency brake.
Try to stop before the line
representing the obstacle.)

LEFT OBSTACLE AVOIDANCE

(must avoid obstacle by
manceuvring to left).

RIGHT OBSTACLE AVOIDANCE
(as above but to the right).

LLiT-BRAKE~RIGHT

(hazard is directly in front
can brake and/or avoid obstacle
to the right or left).

Figure 5.1 Signal light combination conveying to the rider

the manoeuvre to be performed.
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task is reduced, the rider must brake harder to succeed, For the obs~-
tacle avoldance manoeuvre higher roll rates and angles must be

achieved in order to perform successfully.

Task difficulty was set at two levels, At the first level the
braking and obstacle turning tasks were performed at the “normal’ MOST
level, i.e. the signal lights were triggered when the front wheel of
the motorcyele Interrupted a light beam pointed at a photo-sensitive
element 11.6 m ahead of the ‘obstacle’. At the second level, once the
trigger for the signal 1lights was established, a 0.2 second time
interval elapsed before the signal lights were activated. With a 0.2
second time delay, and travelling at the required 32 km/h, the availi-

able manoceuvre distance was reduced from 11.6 m to 9.8 m,

A time delay of 0.2 seconds was selected following experiments
with a skilled rider. The rider was required to perform the obstacle
turn manoeuvre repeatedly, while both turn direction and time delay
were varled randomly. The time delay was chosen such that the rider
could perform the obstacle avoldance manceuvre in the given manoeuvre
length successfully, at near limit conditions. Comments made by the
rider aided in ascertaining when the manoeuvre was being performed

under these conditions.

Figure 5.3 shows the manoeuvring distance ‘L’ used by Watanabe
and Yoshida (1973) 1in tests conducted to investigate obstacle avol-
dance performance for motorcycles with a group of riders with
different riding skills. Polnts representing ‘L’ for level 1 (MOST)
and level 2 of the obstacle avoidance manoeuvre in the AST are also
shown. ‘L’ for Watanabe and Yoshida’s experiments was established as

follows:

"The distance ‘L’ is set, based on our test experience,
at a value for each of the test velocities such that an aver-
age rider will be able to avold the obstacle in 50%Z of his

attempts',
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Figure 5.3 Manoeuvring lengths for obstacle avoidance manceuvres

used by Watanabe and Yoshida (1973), compared to those

used in the present study.
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Figure 5.3 indicates, therefore, that the manouevring lengths
chosen for level 1 and level 2 of the obstacle avoldance manceuvre in
the AST represent, respectively, an “easy’ and a ‘hard’ task. Note
that the obstacle line for the present study was slightly wider
(2.6 m) than for Watanabe and Yoshida’s experiment (2.0 m), and furth-
ermore, the riders in the present study had to avold encroaching the

furthest lateral boundary of the course.

The manoeuvre devised to incorporate declsion~making involved a
choice between a left obstacle turn, a right obstacle turn, and an
emergency straight line braking task. This requirement was conveyed
to the rider by displaylng a green-red-green signal light combination.
This meant, in ‘real life’ terms, that it was not possible to proceed
stralght shead because of the presence of an obstacle, e.g. & car,
directly ahead. It was however possible to turn left or right and/or
brake to avoid the obstacle. The choice of the most appropriate avoi-
dance strategy was left to the rider’s discretion. Recall from the
accident reports reviewed in Section 2.3.3 that in a situation where
riders have a choice of braking or manoceuvring to aveid a collision,

often the “wrong’ choice or no attempt is made.

Design of the decision task was based on the data of Figure 5.4
taken from Watanabe and Yoshida (1973). This comparison between brak-
ing and obstacle avoidance performance indicates that at arocund
30 km/h braking and obstacle avoidance require roughly similar dis-
tances {(approximately 11 m), However the range of distances for
obstacle avoidance suggests that this manceuvre may be performed in a
slightly shorter distance {down to approximately 6 m). At higher
velocities, the distance for evasion is seen to be substantlially less
than braking distance. Assuming, at this stage, that an obstacle
avoldance gtrategy was the most appropriate one, and given the present
study test conditions, it was believed that this cholce would be
apparent to the more skilled riders. For the less skilled riders the

cholce would be more difficult and lead to more failures.
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Figure 5.4 Comparison between obstacle avoldance turn and emergency

braking for riders with a range of skills (Watanabe and

Yoshida,

1973).
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All the manoeuvres mentioned thus far -— the obstacle avoidance
manoeuvre, the stralght line braking task, and the decision task -
were performed at the two levels of difficulty. Each rider performed
a set of 30 of these manoeuvres in a random sequence, Rlders were
therefore unaware of the sequence of manceuvres and could not prepare
for any particular task. 1In addition, ‘blank’ runs, where riders were
not required to do anything, were incorporated at random ¢to further
increase the task uncertalnty. Figure 5.1 illustrates the possible
combinations of lights and their associated meanings. In total there
were 9 tasks = the flve shown in Figure 5.1, plus the last four shown

in the figure performed with a 0.2 second time delay.

5.4 SUBJECT SELECTION

The requirement which the sample of subjects had to fulfil for
this test was that it should contain a wide range of riding skills,
The sample used for the MOST experiment was a ‘good’ Bource since a
file had been eatablished for each rider and a measure of each rider’s

skill level had been obtalned.

Four riders were selected randomly from each of the score groups
shown 1in Table 5.1 so that the size of the sample of riders for the
AST would be twenty-four. Although these subjects were perhaps atypi-
cal in that they had already performed the MOST, the differences which
were of ilmportance were relative differences. The skill distribution
of the sample chosen, bagsed on scores obtained from the MOST is shownm
in Table 5.2. Note that five riders could not be obtained;
difficulty was experienced 1in organizing some riders to particlpate
again. Although replacement riders in the relevant score group were

contacted, mutually sulitable times could not always be arranged.

5.5 SET-UP AND ADMINISTRATION

Since the Alternative Skill Test consisted only of obstacle avol-
dance and emergency braking manoeuvres, the area on which the MOST was

set—up was appropriately modified. Electronlc clrcuitry was developed
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TABLE 5.1

SCORE RANGE DISTRIBUTION OF THE MOST SAMPLE OF RIDERS

Score range 0-3 4-7  8-11 12-15  16-19 >20
Number of riders 8 16 10 9 8 8
TABLE 5.2

DISTRIBUTION OF MOST SCORES FOR ALTERNATIVE SKILL TEST SAMPLE

Score range 0-3 4-7 8-11 12-15 16-19 >20
Subject 3 5 8 13 18 24

score 5 10 14 18 25

on 5 11 15 18 29

MOST 11 15 19

Total 1 3 4 4 4 3

to introduce a selectable time delay for the triggering of the signal

lights. The set-up is depicted in Figure 5.2.

As with the MOST, at the beginning of each day of testing the
group of riders was taken around the course on foot, and verbally
glven detalils of the possible combinations of 1lights and assoclated
manoeuvres. Riders were instructed to maintain a constant speed. In
the absence of signal light changes, they were to malntain thelr speed
until they were well past the manoeuvre area. This was to ensure they

did not slow down during a possible time delay period after the
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trigger point for the lights had been passed. Verbal instructions

glven to the riders are shown in Appendix H.

Riders were permitted to familiarize themselves with the instru-
mented motorcycle, in an area remote from the AST set-up, in the same

way as for the MOST.

During the conduct of the test, riders were given continuous

feedback regarding their success Iin maintaining speed within the
acceptable range of 29 to 35 km/h,

5.6 PERFORMANCE ASSESSMENT

As with the MOST, scoring was based primarily oo the subject’s

ability to achieve prescribed vehicle responses.

It will be recalled from section 4.8 that in the MOST braking
tasks, performance 1s assessed by comparing the braking distance
achleved with a table of “standard’ distances which are judged to
represent adequate performance for various initial speeds. One penal-
ty point is assigned for each foot by which the actual braking
distance exceeds the standard distance, up to a maximum of five
peints. It was argued in section 4.8 that the MOST table of standard
digstances was not soundly based, as it in fact implies quite a wide

range of braking performance over the range of allowable entry speeds.

For the AST it was decided that the braking task criterion should
be based on deceleration performance, and that level 1 of the task
should correspond to the demands of the MOST quick-stop (exercise 7).
Thus, for level 1, the avallable manoceuvre length between the signal
light trigger point and the ‘obstacle” was set at 1l.6 m, Allowing
for the mean braking reaction time of 0.41 seconds measured in the
MOST, riders would travel an average of 3.6 m at the specified entry
speed of 32 km/h before applying the brakes, so that the actual brak-
ing distance available would be 8.0 m, corresponding to a deceleration
of 0.50 g. For level 2 of the task a delay of 0.2 seconds was intro-

duced between triggering of the lights and their being turned on, thus



159

reducing the available braking distance by 1.8 m and requiring a
deceleration of 0.65 g. Thus the criterion decelerations for levels 1

and 2 of the AST were set at 0.50 g and 0.65 g respectively.

Analysis of the AST data showed that the greater uncertainty in
this task resulted In longer reaction times than were measured in the
MOST. As is discussed In more detail in Section 5.7.2, the mean brak-
ing reaction time was Increased from 0.41 seconds in the MOST to (.55
seconds in the AST, s5o0 that the actual deceleration performance
required if riders were to stop at the ‘obstacle’ from the entry speed
of 32 km/h was increased to 0.60 g for level | and 0.82 g for level 2.
Because the ‘design” criteria of 0.50 g and 0.65 g were considered
more reasonable for the purposes of the AST, scoring of riders perfor-

mance was based on these figures.

Because the difficulty of the obstacle avoidance manoceuvre 1is
strongly related to the entry speed, and because any trial might
require such a manoeuvre, the speed discipline Iimposed 1in the MOST
exercise B was required 1n all the AST trials. That 1is, subjects were
required to maintain their entry speed between 29 and 35 km/h, and

were advised if their speed was outside this range.

In assessing performance, speeds slower than 29 km/h attracted an
unconditional penalty of 5 points for all trials. If the entry speed
exceeded 35 km/h no special penalty was applied; the scoring criteria
for the manoceuvre 1itself were applied. No braking distances beyond

that provided for a speed of 35 km/h were allowed.

Table 5.3 shows the ‘standard’ braking distances (measured from
the signal light ctrigger point)} which satisfy the level 1 and 2 decel-
eration criteria for the allowable range of entry speeds, It can be
seen that the level 2 distances are not very different from those for
level 1. In the interests of simplicity in test scoring, therefore,
it was decided to adopt the level 1 distances as the standard for both
levels of the braking task in the AST. 4s for the MOST, one score
poeint was lost for each 0.3 m (1 ft) by which the standard distance

was exceeded, up to a maximum of 5 points. However, runs for which
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TABLE 5.3

AST TIME/DISTANCE CHART

Speed-Gate Braking Distance (m)
Time = —————

(s) Level 1 Level 2
0.090 - 0.091 15.4 15.1
0.092 - 0,093 14.9 14.6
0.094 - 0.095 4.4 14.1
0.0%6 - 0.097 13,9 13.7
0.098 - 0.099 13,4 13.3
0.100 - 0.102 13.0 12.9
0.103 - 0.104 12,4 12.3
0,105 - 0.106 12.0 12.0
0.107 - 0,108 11.6 11.7
0.109 - 0.110 11.3 11.4
0.111 - 0,112 11.0 11.1

T et e et s

Note: Braklng distances based on a 0.55 8 reaction tlme and minimum

decelerations of 0.5 g and 0.65 g for levels 1 and 2, respectively.

the speed-gate times were greater than 0.109 s and in which the stan-
dard braking distance was exceeded, but in which the ‘obstacle’ line
was not crossed, attracted no penalty points. This ensured conslsten-

cy with the instructions given to subjects (see Appendix H).

Scoring criteria used for the obstacle avoidance manceuvre were
slightly different from those in the MOST, and are deplcted in Figure
5.5. As can be seen, various levels of failure were established to
increase the sensitivity of the manoeuvre to rider skill level,
‘Almost succeeding’, Ll.e. either wheel touching the line representing

the obstacle, or ‘running wide’, mean that the rider’s initial control
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inputs were correct and caused the motorcycle to move in the required

direction.

"No attempt’ or ‘wrong way’ were penalized by 5 points for obvi-
ous Treasons. Points assigned for high speed errors were as for the
MOST. However since the 30 runs were performed continuously,
manoeuvres performed at too low a speed were penalized. The accept-

able speed range was as for the MOST.

Assessment of the decision task was based on whether the rider
declded to brake or avold the cobstacle. If the rider decided to brake
then the braking criteria were applied. 1If the rider decided to per-
form an obstacle turn or a combined braking/obstacle turn, then the
obstacle turn eriteria were applied. On the blank run, if speed was

too low, 5 points were deducted.

Since the manoeuvres were performed in random sequences, the
number of repeated manoceuvres assigned to each rider wvaried.
Asslgning the manoeuvres in this fashion ensured that riders could not
predict, and hence prepare themselves for, a manceuvre in advance,
Overall assessment was based on the sum of the average scores obtained
in each of the 9 tasks. For example, if a particular rider received
three right-hand avoidance manoeuvres, two of which were executed suc-
cessfully (zero penalty points assigned), and one unsuccessfully {5

points), the average score for this task would be 1.67.

Since riders were required to perform each manceuvre at least
once, the possible bias in the MOST scores related to the different
success rates for left- and right-hand obstacle avoidance manoeuvres
was reduced. Similarly, for the brakling tasks, the average stopping
distance should represent more closely the rider’s braking abllity

than the result of a single trial.
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5.7 ANALYSIS OF THE ALTERNATIVE SKILL TEST (AST)
SCORES AND COMPARISONS WITH THE MOST

5.7.1 Introduction

The scores assigned to riders in the AST are examined 1in this
section and where appropriate comparisons with the MOST are made. For
the MOST, only data corresponding to the subjects who participated in
the AST was considered. To determine the usefulness of the various
tasks In the AST as skill discriminators, scores assigned to riders
were examined by way of histograms of score frequency distributions
and by comparing computed success rates for the various tasks. To
compare the scores for identical exercises for the MOST and the AST,
it was found necessary to filrstly determine rider reaction times

{which are discussed in some detail),

5.7.2 Reaction Times

Rider reaction rimes — from the turning on of the aignal lights
to the application of some braking or steering control input - were
determined from the recorded instrument data in the same way as des-
cribed in section 4.9.2 for the MOST. To enable comparison with the
MOST data, the AST reaction times were measured for the first adminis-

tration only of the braking, avoidance and decision tasks.

It was found that there were no statistlecally significant
differences between the mean reaction times for the two levels of dif-
ficulty of any of the manoeuvres, or for the left and right turn
directions of the avoidance manceuvres. In the decision task the
great majority of riders opted to brake rather than go around the abs-
tacle. The mean reaction time for these braking attempts was no

different from that for the prescribed braking tasks.

The mean reaction times for levels one and two of the prescribed
braking task and declsion task where riders chose to brake, and the

prescribed obstacle avolidance task (since most subjects chose to brake
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for the decision task) in the AST are compared with the corresponding
MOST times for the same group of subjects inm Figure 5.6. The AST
times are significantly longer than those for the MOST (p<0.05) and,
for both tests, the braking reaction times exceed the obstacle avoi-

dance times (p<0.01).

The longer reaction times in the AST are consistent with the
general psychological finding that reaction time increases with task
uncertainty (McCormick, 1970). In the MOST riders had only to resolve
uncertainty as to whether a signal had occurred and, in the case of
the avoidance manoeuvre, the required turn directlon. In the AST,
riders had to additionally determine which of the three tasks was
being presented and, in the case of the declsion task, choose between

a braking or avoldance response.

The difference between the mean reaction times for braking and
avoldance indicates that it takes longer for a rider to effect a
change in the motion of the wmotorcycle when braking than when
manoeuvring to avoid an obstacle. This difference between the reac-—
tion times for the two exercises can be attributed to the nature of
the required rider response. The difference can be explained as fol-
lows: Reaction time, in general, is composed of a varlety of delays
assoclated with the various receptor and neuro-muscular processes in
the body. 1In considering physical responses, reaction time can be
divided into two basic components: simple reaction time, or the time
required to process a signal and determlne a response, and movement
time, which corresponds to the time from the activation of the muscles
of the hand or foot until completion of the movement (McCormick,
1970). Swink (1966) reports the mean reaction time of subjects
responding to a visual stimulus of light by depressing a button locat-
ed under the index finger of the preferred hand as being 0.240 s. For
the present discussiom, thls value will be used as a conservative
egtimate of simple reaction time. The position of the hand and foot
brake levers adds to this lag a movement tlme delay. McCormick (1970)
cites evidence suggesting that a minimum movement time of about 0,300s
can be expected for most control actlvities, however, the nature and

position of the response mechanism can influence the total time.
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These values suggest a reaction time for emergency braking, as
presented 1n the MOST, of about 0.340s. For the MOST obatacle avoi-
dance exercise the simple reaction time will be longer than for the
emergency braking because the rider has to resolve the uncertainty of
turn direction. This will increase the estimated simple reaction time
to approximately 0.3508 (McCormick, 1970). By contrast, the movement
time for obstacle avoidance will be shorter, because the riders
regsponse, transmitted via the handlebars, will occur almost instan-
taneously. These estimates, which are based on the data from the
literature, although conservative, are comparable to the values shown

in Figure 5.6.

It is of 1interest that, although the braking reaction time
exceeded the avoidance reaction time, and appeared to be more adverse-
ly affected by the increased uncertainty of the AST, most riders
elected to brake when given the c¢hoice in the decision task.
Furthermore, the mean reaction time in the decision task for those
riders who chose to brake is no different from that for the prescribed
braking task, suggesting that these riders simply treated the decision
task as a Dbraking task. The distances travelled at the specified
speed of 32 km/h during the reaction times are compared with the

avallable manceuvre length in Figure 5.7.

The present data for the MOST and level-one AST avoidance
manceuvres are compared with Watanabe and Yoshida’s (1973) results in
Figure 5.8. Thelr subjects performed over a range of apeeds and
manoeuvre lengths and, as in the MOST, knew that an obstacle avoidance
manoeuvre was required, the only uncertainty being the turn direction.
It can be seen that for the tasks of comparable uncertainty, the

present MOST data agree very well with Watanabe and Yoshida’s results.
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5.7.3 AST Score Distribution

The results obtained in this section, and the ensuing sections,

depend on the following variables:

(1} the difficulty of the test manoeuvre,
(11) the scoring criteria,
(111) the skill level of the sample of riders.

The first two variables are quite easy to alter as they relate to test
design. The third variable for the present work remalns fixed.
Recall that two objectives of this study are; to establish charac-
teristic patterns of rider/cycle behaviour assoclated with level of
skill, and, to develop a practical skill test for inclusion 1in a
motorcyclist licensing program. To achleve these objects requires two
samples of riders with different characteristics. One should possess
a wlde range of riding skills, such as the present group, and the
other skills representative of “typical’ 1licence applicants. The
second group would presumably be less-skilled than the first and their
range of skills narrow. Since a major portion of the work and time
was devoted to identifying characteristics of skilled performance, the
second sample was never recruited. The evaluation of the test exer-
cises therefore provide an indication of their usefulness with the
present sample of riders, and will hopefully indicate how they can be
modified to improve their sensitivity to a group of less-skilled rid-

ers.

Figure 5.9 present the score means, standard deviations and 90%
confidence 1intervals for the means for each task in the AST., The
overall mean score was 22.2, with a standard deviation of 9.2 points,
the actual range of scores obtained by the elghteen test riders being
8.2 to 35.7. The objective of obtaining a wide distribution of scores

was thus realized.

The means Indicate that the obstacle avoidance tasks are the most
difficult ones, the braking tasks are the easlest, and the decision

tasks, for which most riders chose to brake, merely reflect the emer-
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gency braking trends. The reason for the larger means for the
decision task can be attributed to the larger number of ‘no attempt’
runs which occurred for this task. The blank run mean indicates that

the correct entry speed was maintained quite well by subjects.

The statistical significance of the difference between the mean
scores for the AST tasks 1s shown in the following tabulation, where

*** denotes p<0.0l, ** denotes p<0.05 and, * denotes p<0.10 (2-tailed
test).

0.2L =%
R
0.2R Hk* Hk
B %% kA% k% d Kk
0.2B *hk ki
LBR Rk ko
0.2LBR *k dkk *
BLANK %%  kkk  huk  Zksk kxkk Kk dedk ke

L G.2L R 0.2R B 0.2B LBR 0.2LBR

To summarize the results Iin the tabulation, at the (.01 level of
slgnificance, the tasks (excluding BLANK) with a mean score higher

than at least one of the other exercises are:

0.2R , time delayed right obstacle-turn
0.2L , time delayed left obstacle-turn

At the 0.05 level of significance, the following additional tasks

have a mean score higher than at least one of the other exercises.

R , right obstacle-turn
L , left obstacle-turn

0.2B , delayed emergency braking
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The usefulness of each task 1n the AST can be examined by way of
the histograms of score frequency shown in Figure 5.10, as was done
for the MOST. As discussed in the previous chapter, tasks which have
an even score distribution are useful as they tend to increase the
range of overall scores obtained from a group of riders with a wide

range of skill.

The histograms show that more frequent, higher point loss 1is
assoclated with the level two tasks, Level one of the avoidance
manoeuvres have fairly uniform distributions and are therefore consi-
dered to be good test exercises. The level two distributions for the
avoldance manoeuvres are skewed towards the higher points—lost region,
reflecting the iIncreased difficulty of these tasks. The level one
emergency braking task distribution is skewed to the lower polnts—lost
region, making this manceuvre a less effective discriminator than the
obstacle avolidance task. The results alseo indicate that the ©braking
task is easier than the obstacle avoldance task, for the prevalling
test conditions. By contrast, the scores for the level two emergency
braking accord more with the desired uniform distribution. The deci-
sion task distributions for both 1levels simply reflect the
corresponding braking task distributions because most riders chose to
brake in this task., Finally, for the task requiring no response
(BLANK), the distribution indicates it to be a poor contributor to
overall score. Recall, however, that this run was 1included to
increase the task uncertainty for riders and was not intended to be a

test exercise,.

As was done for the MOST exercises, the 1linear relationship
between the score assigned to each rider for each task, and overall
test score, was next examined to ensure that the contribution of each
task score to overall gcore was in the same direction. TFurthermore,
the correlations between task scores were also determined as they
indicate whether the 1information given by two different tasks is
identical. The linear correlations between scores for the various

tasks, and overall test score and task score, are given in Table 5.4.
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TABLE 5.4

AST TEST AND TASK SCORE INTERCORRELATIONS

Overall ]
score LY  0.2L R 0.2R B 0.2B  LBR  0.2LBR

L 0.727
0.2L 0.266 0.219
R 0.661 0.394 0.241
0.2R 0.766 0.551 O0.142 0.568
B 0.621 0.197 0.061 0.244 0.330
0.2B 0.608 (.315 -0.055 0.218 0,512 0,345
LBR 0.661 0.343 0.141 0.482 0.422 0.617 0.065
0.2LBR 0.729 0,528 -0.074 0.289 0.533 0.456 0.629 0,255
BLANK  0.500 0.553 -0,054 0.140 0.282 0.165 0.191 0.411 0.285

* Refer to Figure 5.9 for explanation of abbreviations

The correlations between the task scores and overall test score
are quite good, with the exception of 0.2L., A close examination of
the data for 0,2L revealed three data values which were atypical: Two
riders who s8cored well overall lost the maximum number of points on
this task, while the third rider, who scored poorly overall, received
no penalty points for this task. Repeating the calculation with these
scores omitted, resulted in a correlation coefficient of 0.746. Each
tagsk therefore contributes ‘positively’ to overall score. Tasks which
are highly correlated with each other are 0.2B and 0.2LRB (0.629), and
B and LRB {0.617), which indicates that these tasks measure the same
skill. This result is not surprising, given that most subjects chose
to brake in the decision tasks. The decigion tasks therefore give
approximately the same Iinformation as the emergency braking tasks,
suggesting that the test conditions for the decision tasks were
perhaps inappropriate, It 1s interesting to note that there is only a

moderate correlation between the left (L) and right (R) prescribed
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obstacle turns and a poor correlation between the equivalent level 2
tasks. One would expect these tasks to be highly correlated, as they
would appear to be measuring the same skill., The observation of the
left/right asymmetry in the ability of riders to perform obstacle
turns (dlscussed in section 4.6.4) provides a possible explanation for

this result.

5.7.4 Probability of Success for the Various AST Tasks

Rather than examining the scores assigned to the riders for the
various AST tasks directly, the success rates for each task were com—
pared. Conceptually, it is thought that this provides a more palpable
measure, It also provides a normalized measure for the comparisons
with the MOST which will be made subsequently. Furthermore, success
rates had to be calculated to determine the appropriateness of choices

made by riders in the decision task.

Success rate was defined in terms of the probability of success

and was calculated for the prescribed tasks and the decision tasks.

(a) Prescribed tasks

The prescribed tasks were the left and right obstacle avoidance
manoeuvres and the emergency braking task. These could occur with no
time delay (level 1), or with a 0.2 second time delay (level 2), as
discussed earlier. When the rider received a prescribed task, any
response other than that indicated by the signal lights was regarded
as a failure, Since each rider performed each prescribed task at
least once, a probabllity of success for each rider for each task was
determined, Subsequently, an overall mean probability of success for
each task was determined for the entire sample by taking the average
of the estimates for probability of success obtained for all the rid-
ers. This ensured that each rilder’s contribution to the overall

probabllity of success received equal welghting.
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The probablility of success for a rider was defined as follows:

Prebability of success

Number of successes
= S {5.1)
Number of (successes + fallures + no attempts)

For the obstacle avoldance task the number of successes was the
nunber of times the obstacle was successfully avoided. Note that runs
where speed errors occurred were not included, except that 1If the
speed for a particular run was too high, and the attempt was success—

ful, then data for the run were used.

The probability of success for the emergency braking task for a
rider was also defined by equation 5.1, where the number of successes
was the number of times the criterion stopping distance was satisfied.
Note that the criterion for success for this task relates to whether
or not the rider achieved the required stopping distance and not
whether the obstacle was ‘struck’. This was because the emphasis was
on the mean deceleration level achieved, rather than the total stop-
ping distance, which varies with entry speed. However, it is
important to note that for the emergency braking task, the criterion
stopping distance corresponding to the lowest acceptable speed was
approximately equal to the distance from the trigger point to the obs-
tacle line (refer to Table 5.3). This ensured that the ‘target’ for
the riders was the obstacle line and was therefore consistent with
instructions given (see Appendix H). To maintain this consistency,
riders whose speed was within the acceptable range and who stopped
before the obstacle line, but did not satisfy the stopping distance
criterion, were not penalized, i.e. the rum was a success. This con-

dition occurred for a small proportion of all the runs.

As for the obstacle avoldance manceuvre, runs where speed errors
occurred were not considered, except for runs where the rider’s speed
was too high but the criterion stopplng distance for the highest

acceptable speed was achleved.
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Figure 5.11 shows the mean probabilities of success for the six
prescribed AST tasks. The mean speeds at which the various tasks were

performed were not found to be statistically different.

Testing for a difference between the means for level one of the
prescribed tasks showed the mean probability of success for emergency
braking to be significantly higher than for both the 1left and the
right avoidance manoeuvres (p<0.05). The mean success rate for the
left avoidance direction 1s slightly greater than for the right direc-

tion; however this difference 1is not statlstically significant.

For level two all of the means are smaller than for the
equivalent level one task (p<0.0l1) - obviously as a result of the
increased task difficulty. As for the level cne tasks, braking was
more successful than avoidance. Again, obstacle avoidance was more
successful for the left turn direction than for the right, but the
difference between the mean success rates is not statistically signi-
ficant. This trend is consistent with that obtained in section 4.6.4
for the MOST. Note that for the more extreme level two conditions,
the asymmetry appears more pronounced than for the level one condi-
tions. The success rate for level two emergency braking was greater
than for the level two right turn {p<0.0l1). The differences between
the means of the other possible comblnations of the level two tasks

are not significant.

(b) Decision tasks

The declsion tasks required that riders brake and/or manoueuvre
to the left or right to avold the ‘obstacle’. This manoceuvre was also
performed at the two levels of difficulty. The task gshould reflect
the riders preference for braking, or obstacle avoidance, or a combi=-
nation of both, for the prevailing test conditions. The subjects
tested generally attempted either braking or obstacle avoldance but
not both. As was discussed in section 5.3 by referring to the data of
Watanabe and Yoshida (1973), it was believed that obstacle avoidance
was the more appropriate choice because it required a slightly shorter

manoeuvre distance than for braking.
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Table 5.5 shows the riders’ task preferences for the decision
task, The values shown in the table were determined as follows: Say
a rider received four level one decision tasks, choosing to brake for
three and manoeuvre to the left for one. The task preference for this
particular rider would be 0.75 for braking and 0.25 for left turn.
These wvalues were determined for each rider, summed, and divided by
the total sample size. Note that the mean speeds for each task were

not statistically different,

TABLE 5.5

RIDER TASK PREFERENCE FOR THE DECISION TASK

Left Emergency Right No

TASK* turn  brake turn attempt
LER 0.085 0.676 0.144 0,095
0.2LBR 0.049 0.721 0.061 0.169

* LBR = Left-Brake-Right decision task.
0.2 prefix denotes manoeuvre was performed

with a 0.2 second time delay,.

From the table, the preference for braking is clearly evident for
both level one and level two of the decision task. To detemine how
appropriate this cholce wag, the mean probabilities of success deter-
mined previously for the prescribed tasks were examined. The
probabilities defined earlier for the obstacle avoldance task are
directly comparable; those for the braking task are not. Recall that
the aim of the decision task was to choose the best way to not ‘hit”’
the obstacle line. The criterion defined earlier for braking related
to achieving a criterion deceleration level and provided a fair com
parison between riders for the overall test. However, for the
comparison being made here, the following criterion for success {(used

in conjunction with equation 5.1) was defined.
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® Stopping line criterion

A subject was regarded as having succeeded if the motorcycle ini-
tial speed was within the acceptable range and was stopped before the

line representing the cobstacle.

The mean probabilities of success calculated with the stopping
line criterion for the emergency braking tasks are shown in Table 5.6
together with the values for the prescribed obstacle tasks, Because
of the small number of riders attempting to manoeuvre around the obs-
tacle for the two levels of the decision task, meaningful estimates of

success rates for avoldance could not be made for this task.

TABLE 5.6

PROBABILITY OF SUCCESS USING THE STOPPING LINE CRITERION

Prescribed Decision

Task -— - —

B 0.2B L R 0.2L O0.2R B 0.2B

Mean
probability 0.597 0.209 0.522 0.444 0.185 0.049 0.495 0.179

of success

Standard

deviation 0.472 0.328 0.376 0.485 0.342 0.141 0.450 0.323
Sample

gize 18 17 16 18 18 17 15 13
90%

confidence 0.791, 0.348, 0.687, 0.643, 0.325, 0.109, 0.700, 0.339,
interval 0.403 0.070 0.357 0,245 0.045 -0.011 0.290 0.019

for mean
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The results indicate that braking performance was less successful
in the decislon task than in the equivalent prescribed task. However,
the less successful performance can be attributed to the larger number
of ’‘no attempts’ in the decislon tasks. Since reliable estimates for
the obstacle turn means in the declsion tasks could not be obtained,
it 1s only pessible to speculate as to the appropriateness of the
choice of braking for the decision task. Since the emergency braking
means were lower for the declsion task, it seems likely that the means
for the decision task obstacle~turn would also have been less than the
corresponding prescribed task means. As can be seen in Table 5.6, the
riders performed more successfully in the prescribed braking tasks
than 1In the corresponding prescribed avoldance tasks. Thus, for the
decision task speed of approximately 32 km/h, the choice of braking

appears to have been an approprlate one.

5.7.5 Comparlson of the Probabilities of Success
in the MOST and AST

The mean probabllities of success for the AST, and the equivalent

tasks for the MOST (exercise 7 and 8), can now be examined.

(a) Obstacle avoldance

The mean probablility of success defined in section 5.7.4 (a) was
used to compare performance in this manoceuvre in the two tests. Data
for the same turn directions only were compared., For example, 1f a
subject received a left turn in the MOST, then only that subject’s
performance on the left turn (level one) task in the AST contributed

to the overall mean. The results are summarized in Table 5.7.

The results show that the success rate means for both turn direc-
tions was higher for the AST than for the MOST. This difference 1is
however not statistically significant.
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(b) Emergency braking

The stopping distance criterion, discussed in section 5.7.4 (b},
was used to compare success rates for emergency braking in the two
tests. To make a fair comparison, the MOST data was modified by using
the AST speed range and a modified table of criterion stopping dis-

tances based on a constant 0.5g deceleration requirement (see Section
5.9).

The results in Table 5.8 show that riders were more successful in
the AST. Thigs difference is however not statistically significant.
Assuming that this result 1is indicative of the direction of the
difference in success rates for a larger sample, this difference could
be due to an improvement in each subject’s riding ability during the
less~than-two-months interval between tests. Alternatively, it may be
that the averaged response obtained from the AST is more representa-
tive of the rider’s true ability than the single performance measure
in the MOST. The difference between the mean speeds for the two tests
was found to be statistically different. As the stopping distance
criterion covers a range of entry speeds however, speed differences

should not be important to this comparison.

TABLE 5.7

COMPARISON OF SUCCESS RATES FOR THE OBSTACLE AVGIDANCE
MANOQEUVRE IN THE MOST AND THE AST

Mean Standard Samplie
probability deviation slze

of success

Test e e e e
Left Right Left Right Left Right
MOST 0.444 0,250 0.527 0.463

AST 0.646 0.459 0.350 0.502 8 8
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A better comparison of performance in this task for the two tests
can be made by examining the mean deceleration levels, as they relate
purely to the rider’s abllity to stop the motorcycle and are inde-
pendent of reacticn time. These were calculated by using each rider’s
actual reaction time and are shown in Table 5.9, together with the

level 2 results for the AST.

The decelerations achieved by rlders in the AST were higher than
for the MOST. However, these differences, and the differences between
all possible combinations of decelerations in the table, are not sta-—
tistically significant. It is of interest to note that the mean
deceleration level in the more demanding AST braking task was not sub-
stantially different from that for the level one task. This suggests

that riders were braking to their full capacity in the ‘easier’ task.

TABLE 5.8

COMPARISON OF SUCCESS RATES BETWEEN THE AST AND MOST FOR

THE EMERGENCY BRAKING EXERCISES BASED ON CRITERION STOPPING
DISTANCE

Mean Standard Sample 90% confidence
Test probability deviation size interval for
of success mean
MOSTY  0.643 0.497 14 0.878 , 0.408
AST" 0.799 0.370 18 0.951 , 0.645

+ These were calculated using a modifled Table of
stopping distances (see Section 4.8)
* Level one of the AST.



185

TABLE 5.9

CALCULATED MEAN DECELERATIONS FOR THE EMERGENCY
BRAKING TASKS IN THE MOST AND AST

Average Standard Sample 90% confidence
Test decel’n deviation size interval for
(8) mean
MOST 0.525 0.115 17 0.574 , 0.476
AST Level 1 0,562 0,122 16 0.615 , 0.509
AST Level 2 0.571 0.092 16 0.611 , 0.531

Note: The AST values were determined from the rider’s first

attempt in each task.

5.7.6 Linear Regression of AST Score on MOST Score

To determine how the overall scores for the two tests relate, a
linear regression of AST s8core on MOST score was carried out. A
scatter diagram of the overall test scores is shown in Figure 5.12

together with the line obtained from the regression.

To analyse the significance of the linear model, an analygis of
variance was performed. The computations for the analysis are summar-
ized in Table 5,10
The regression equation is as follows:

AST Score = 0.732x{MOST Score) + 11.957 (5.2)
The computed F statistic exceeds the critical value for a 0.01 level

of significance, It is concluded that there 1s a significant amount

of wvariation 1In AST score accounted for by the postulated
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straight-line model, and an insignificant lack of fit; 1.e. the data
suggest that there is no need to consider terms higher than £first
order. Taking MOST score as the dependent variable, and regressing
MOST score on AST score leads to an identical conclusion. Equation
(5.2) indicates that for a perfect MOST score (0) the equivalent AST
score would be about 12. Thus a skilled rider would be expected to

lose, on average, 1.5 points per task in the AST.

TABLE 5.10

ANALYSIS OF VARIANCE FOR TESTING THE SIGNIFICANCE
OF THE LINEAR RELATIONSHIP BETWEEN THE OVERALL
MOST AND AST SCORES

Source of Sum of Degrees of Mean Computed
variance squares freedom square F
Regression 511.0 1 511.0 B.98
Error 910.8 16 56.9

Lack of fit 365.4 10 36.5 0.40
Pure error 545.5 6 90.9

Total 1421.8 17

Regression coefficlent = 0.600
Sample variance explained by regression = 35.9%
Estimate of population R = 31.9%

Standard error of regression in prediction = 7.545

The correlation of 0.600 for the regression Is quite good when 1t
is considered that the test~retest correlation for the MOST, deter-
mined by McPherson and McKnight (1976) for a group of 20 licensed
riders who were administered the MOST twice, the second time immedi-
ately upon completion of the first, was only 0.784. Recall that there

was an interval of about two months for the present study group, dur-
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ing which time there may have been improvements in each subject’s

riding ability. According to McPherson and McKnight:

"The abilities measured by the Skill Test are the result
of many, many hours of motorcycle operation. They should,
therefore, represent highly stable characteristics, So too
should the results obtained in administration of the Skill
test. Any sizeable differences in scores obtalned by given
individuals over a short period of time suggests that the Test

is measuring something other than skill".

The relatively high correlation between the MOST and the AST thus sug-

gests that similar skilills are measured in the two tests,

5.7.7 Pass Rate for the MOST and the AST

If we assumed that the sample of riders selected was
representative of the rtiding population at large, it would be of
interest to examine the pass rate of the riders in the two tests, To
determine the pass rate, it was firstly necessary to define a ‘pass’
score for each test. For the MOST a level was established by consult-

ing previous MOST studles.

Anderson {1978) used twelve as the maximum number of penalty
points which a rider could accumulate in the MOST. The first adminis-
tration pass rate for the Anderson group, with no remedial training,
was 48.7Z%. This pass score was alsc adopted by Jonah and Dawson
(1979); however a smaller percentage (25.,9%) of their sublects were
able to satisfy 1t. Compared to Anderson’s group this pass rate Is

low; it may reflect differences in administration of the tests,

Taking the criterlion pass mark as twelve (i.e. a rider may accu-
mulate no more than twelve penalty points), the pass rate for the 59
riders in the present study MOST sample was 59.3%X. Considering that
fifty-two of the riders tested were licensed riders, this pass rate
seems low., The remaining seven riders were holders of current Victo-

rian learner permits. Of these only two failed in the MOST!
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To establish a pass mark for the AST, the regression equation
determined in Section 5.7.6 was used. For a MOST score of twelve, the
equivalent AST score is approximately twenty-one. With this standard,
approximately 50% of the AST subjects would have passed - a rather
small percentage when their riding experience is considered. Riding
experlence aslde, the test results indicate that half of the riders do
not possess the skills tested for. For a pass score of twenty-five
{whieh 1is within one standard error of the predicted equivalent AST
score using the regression equation), a 67% pass rate (two-thirds of

the AST sample) is achieved, which 18 perhaps more acceptable.

5.7.8 Re~Evaluation of the AST Exercises

After having analysed the scores for the various AST tasks in the
preceding sections, we are now in a position to suggest what modifica-
tions can or cannot be made to 1mprove the sensitivity of those

exerclises found to be poor or lneffective skill discriminators.

The first task re-evaluated was the prescribed emergency braking
exercise. The score distribution for level ome of this task indicated
that it was too easy. By contrast the level two digtribution was more
uniform and {indicated that it was properly “tuned’ for the sample of
riders tested. This suggests that a level two standard should be
adopted for level one, and a higher degree of difficulty set for level
two. Further, it was shown in Section 5.7.5 (b) that the mean decel-
erations for the two levels of difficulty are not substantially
different. As noted in that section, riders appeared to be braking to
their full capacity in the easier task. This would suggest that the
two levels of difficulty increased task uncertainty but did not pro-—
voke subjects to brake harder as was intended. 1In view of the poor
distribution for level one of the emergency braking, this result may
have differed had the degree of difficulty been higher for both lev-
els. For this reason, and because two levels of difficulty cover a
wider range of skills - the first level 1s sensitive to the
less—skilled riders and the second the more—skilled omes - the two

levels should be retalned.
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The second task re—-evaluated was the decision task. Recall cthat
the purpose of the decision task was to test the riders’ ability to
choose the most appropriate evasive action when 1in conflict with
another ‘vehicle’, For reasons given in Section 5.3, it was believed
that manoeuvring around the ‘vehicle’ would be the most appropriate
cholice. However, the results from the score analysis indicated that
most riders chose to brake for this task and, In view of the success
rates for the prescribed tasks, this choice appears to have been an
approprlate one. Design of this task was complicated by the fact that
the distances for braking and evasion are similar for speeds below
about 40 km/h (see Figure 5.4). Because elther of the two evasive
actions can result in a success, there 18 feally no clear choice.
However, as mention in section 5.4, the distance required for obstacle
avoidance can be shorter than for braking at higher speeds. If one
considers the consequences of fallure for the two evasive strategies,
then clearly, 1t 1is preferable to collide with an ‘object” at a
reduced speed - the case for braking — than at a higher speed from an
unsuccessful obstacle avoidance attempt., To set up the task such that
manceuvring to avoid the obatacle will lead most often to success, and
emergency braking to failure, requires that the test speed be
increased to at least 50 km/h (see Figure 5.4). This 1s undesirable
for two reasons; firstly, higher test gpeeds would necessitate use of
a much larger test area and adjoilning safety zones; secondly, in the
event of an accldent, there 1s higher risk of serious injury. These
design constraints do not allow this exercise to be modified so a8 to

achieve the original objectives.

On the whole the scoring criteria provide the desired sensitivi-
ty, giving a wide distribution of scores, With the suggested
modifications applied, the AST would consist of the following test

exercisgses:

(i) Left and right obstacle turns,
(1i) Emergency straight-path braking,

(i1i) Blank runs, where no response 18 required.
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5.7.9 Test Conditions for Less-Skilled Riders

The test conditions and scoring criteria for the AST have been
determined and evaluations carried out for a group of riders with a
wide range of skills., This section examines how the AST can be modi-
fied B0 that 1t can be wused to grade less—-skilled riders. These
riders could represent, say, llicence applicants. A group of
lesg-skilled riders requires that all of the test exercises are made
"easier’. This can be achleved by decreasing the test speed or,
increasing the manoeuvring length, i.e. move the trigger point further
away from the obstacle line. Of the two cholces the former has sever-
al advantages. A lower test speed allows the use of a smaller test
area and, in the event of an accident, the risk of serious 1injury 1is

reduced.

It 1s logical to set the overall test standard for the AST on a
similar level to the MOST, This can be achieved, approximately, by
reducing the test speed to about 27 km/h. For this test speed, and a
reaction time of .35 s (from Section 5.7.2), the level one and two
standards are, respectively, easier than and equivalent to the current
MOST standard for emergency braking. The degree of difficulty for the
obstacle avoidance tasks 1s also reduced. Note that a new table of
standard stopping distances would have to be calculated based on the
lower test speed, and a new acceptable speed range for the obstacle
avoidance task determined. The scoring criterla for the new test con-
ditions would have to be evaluated by testing a sample of riders with
the desired characteristics. For license testing the AST should be no

more difficult to administer than the MOST.
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5.8 PREDICTORS OF AST SCORES

5.8.1 Introduction

A multiple linear regression was performed, in a similar fashion
to that carried out for the MOST in Chapter 4, to determine whether
the rider background factors found to be significant predictors of the
MOST score were similarly related to the AST score, Rider background
factors obtained from the MOST questionnaire were available for the

AST subjects.

5.8.2 Means, Standard Deviations and Correlation Coefficlents

Table 5.11 shows the means, standard deviations and number of
cases for the dependent variable SCORE and the Independent variables
used in the analysls. Table 4.9 shown in Section 4.8.2 lists the the
mnemonics uwsed in the present analysigs., For the same reasons as in
the MOST, the independent variable "kilometres ridden per week
off~road" (KMWKO) was excluded from the analysis.

Differences between rider background factors for the total MOST

sample and the AST sample are as follows:

¢ The AST sample had 8% more females

o The AST sample had less off-road riding experience
(in years) but slightly more on-road riding
experience (in years)

®# There were no learner permit holders in the AST

sample, i.,e. all the riders were licensed

Table 5.12 shows the correlation coefficlents between the variables in
Table 5.11, The variables with the higheat correlation with SCORE are
total number of kilometres ridden per week (KMWK, -0.60), engine capa-
clty of the motorcycle most often ridden (ENGCAP,-0.46) and age (AGE,
0.31).
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TABLE 5.11

STATISTICS FOR THE VARIABLES IN THE AST MULTIPLE REGRESSION

et e e e P it i i it et e . —

Variable Mean Standard
deviation
SCORE 22.30 9.42
SEX 0.53 0.87
AGE 26.50 6.59
EONRD 4.99 4.20
EOFFRD 1.38 3.47
KMWK 223.82 156.70
ENGCAP 550,29 302.49
DL 0.76 0.66
COMPEX -0.76 0.66

Note: Sample size = 17

TABLE 5.12

CORRELATION COEFFICIENTS FOR VARIABLES
USED IN THE AST REGRESSION ANALYSIS

SCORE SEX  AGE EONRD EOFFRD KMWK ENGCAP DL

AGE 0.32 0.28
EONRD -0.06 0,09 0.32
EOFFRD -0.15 0.22 -0.04 0.51

KMWK -0.60 -0.16 -0.39 -0.37 -0.11
ENGCAP =-0.46 0.24 -0.13 0.45 0.36 0.1l
DL -0.19 -0.20 -0.37 -0.14 ~0.45 0.41 0.26

COMPEX =0.16 0.20 0.41 0.44 0.39 0.17 0.40 0,13
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5.8.3 Regression Results

Table 5.13 summarizes the results of the stepwise multiple
regresslon analysis (Nie et al., 1975). Note that the order of inclu~
sion into the equation I8 preserved 1in the table. 63.1% of the
variance 1Iin the AST score is explained by the varlables listed. The
first variable listed (KMWK) accounts for 36X of the variance 1in
score. This wvariable was found to be the second best predictor of
score for the total MOST sample (Section 4.8.3) where it accounted for
22% of the variance in score. For this comparison the total MOST sam-~
ple is biased by the subjects who did not participate in the AST. A
regression was performed using only the AST subjects and taking their
MOST score as the dependent variable. The details for this regression
are not shown here. The ‘best’ predictor of score for this regression
was also KMWK which accounted for 43% of the variance in score, which

is twice that explained by the same variable for the total sample.

TABLE 5.13

SUMMARY OF MULTIPLE REGRESSION ON AST SCORES

Independent Simple Significance
variable R R AR r of varilable

when entered

KMWK 0.598 0.357 0,357 -0.598 0.011
ENGCAP 0.720 0.518 0.161 =-0.463 0.048
SEX 0.750 0.563 0.045 =~0.210 0.269
COMPEX 0.763 0.582 0.019 -0.164 0.480
EONRD 0.794 0.631 0.049 -0.057 0.252

Note: Overall significance of regression: p<0.05
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The first two variables in Table 5.13, KMWK and ENGCAP, are sig-
nificant at the 5% level when first entered into the equation. The
estimates for the regression coefficlents, with their associated con-
fidence intervals, are shown in Table 5.14. Only the coefficient for
KMWK is significantly different from zero when the other variables are
controlled for, The slgn of the coefficlent is consistent with that
obtained for the regression of MOST score on background factors for
the total sample of riders, and the reduced AST sample. The sign of
ENGCAP suggests that riders who normally ride larger capacity machines
do better on the test; this effect was discussed in detail in Section
4.8,

TABLE 5.14

REGRESSION COEFFICIENTS AND 951 CONFIDENCE INTERVALS

—_———— o — s

Variable Regression 95% confidence
coefficient interval

KMWK -0.0473 -0.0782, -0.0163
ENGCAP -0.00855 -0.0242, 0,00711
SEX -3.23 -7.98 , 1.53
COMPEX 4.07 -3.20 , 1l1l.4
EONRD -0.727 -2.05 , 0.596
CONSTANT 46.0 29.7 » 62.3

B e —

SEX for the AST sample was not significant as a predictor when
either AST or MOST score was the dependent varlable. This is not con-
sistent with results obtained for the total MOST sample where SEX
accounted for 23X of the explained variance. This difference could
partly be attributed to the smaller size of the AST sample, and partly
to the fact that the MOST sample contained a relatively larger propor-
tion of highly skilled riders, most of whom were male.
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5.9 ADVANTAGES OF THE AST OVER THE MOQST

It is natural to enquire what advantages the AST offers over the
MOST. The analyses of the previous sections have indicated that the
two tests would lead to a similar grading of test candidates., Some of
the quantitative measures showed that subjects performed better in the
AST, however the differences between the measutes were not statlsti-
cally significant. Further, it was not possible to ascertain whether
the differences reflected real differences between the testa, or
whether there had been a general improvement in each subject’s riding

ability during the time interval between tests.

The following advantages for the AST are considered to be impor-

tankt:

. The test site for the AST need only be of sufficient size to
accommodate the two tegt exercises, namely obstacle avoldance and
emergency braking, and provide the necessary safety zones. This

area is approximately half that required for the MOST.

[ The test 1s thought to be more representative of actual on-street
situations where a rider has to respond to a varlety of randomly

sequenced traffic events.

] The AST requires that each rider perform each manoceuvre usually
more than once. The rider’s average performance for each task is
agssessed rather than the outcome of one attempt. This reduces
biases due to some riders recelving only a left- or a right-hand

avoidance manceuvre, as in the MOST,

] The emergency braklng task stopping distance standard proposed
for the AST means that task difficulty 1s less dependent on entry
speed than it is in the MOST.

. The test may be performed continuously. That is, once 1instruc—
tions are given to the rider there 1is no need for further

communications.
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5.10 SUMMARY AND CONCLUSIONS

An Alternative Skill Test (AST) has been designed and tested with
eighteen volunteer riders who had also participated in the MOST. The
conclusions which can be drawn from the analysis of the scores
assigned to riders, and observatlon of some of the data collected on

the instrumented motorcycle for the two tests, are as follows:

(i) The AST and the MOST led to a similar grading of the test sub-

jects.

(1i) Riders were able to achleve higher mean decelerations during
emergency braking and succeeded more often In the obstacle
avoldance turns in the AST than the MO5T. However it 1ig oot
possible to determine whether this was due to differences
between the methodology of the tests, or whether there was a
general improvement 1in subjects’ riding ability durilng the

less-than-two-month interval between tests.

(11i) For the decislion task, in which riders were required to brake
andf/or manceuvre to avold an obstacle, the riders’ preference
for braking appears to have been an appropriate choice in view
of the success rates for the prescribed tasks. This finding is
not consistent with the experimental evidence of Watanabe and
Yoshida (1973) where, for similar test conditions, braking and

avoldance required the same evasion distances.

(iv) Reaction times in the AST were significantly longer than the
MOST, consistent with the greater uncertainty in the AST.

(v) Reaction times for the emergency braking task were significant-
ly longer than for the obstacle avoidance task for both the
MOST and the AST. This result indicates that it takes longer
for a rider to initiate a change in the motion of a motorcycle

when braking than when manceuvring to avoid an obstacle.
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(vii)
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A multiple regression analysis was performed of AST score on
rider background variables. Kilometres ridden in the average
week was found to be the “best’ predictor of score. A second
regression was performed with the AST sample using their MOST
score for which similar results were obtalned., This same pred-
ictor was found to be the second best predictor of score for
the same regresglon using the total MOST esample, rider gex
being the hest, This difference 1s attributed to the smaller
size of the AST sample, and to fact that the MOST sample con-
tained a larger proportion of highly skilled males.

The AST has the following advantages over the MOST: The test
area required 1s approximately half that required for the MOST;
the test is thought to be more representative of actual onm
street situations where a rider has to respond to a variety of
randomly sequenced traffic events; the rider’s average perfor-
mance for each task is assessed rather than the outcome of one
attempt; the emergency braking stopping distance standard 1is
leas dependent on entry speed than it is in the MOST; and the

test may be performed continuously.

The AST exercises were re~evaluated to determine what modifica-
tions can or cannot be made to improve the sensitivity of those
exercises found to be poor or ineffective skill discriminators.
For a sample of riders with a wide range of riding skills, it
is suggested that the level twoc standard for the emergency
braking be adopted for level one of this task and a higher
degree of difficulty set for level two. The decision task
should be omitted because design constraints do not allow the

task to be modified so as to achieve the original objectives.
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CHAPTER 6

CHARACTERISTICS OF SKILLED VERSUS LESS~SKILLED
PERFORMANCES AS REVEALED BY THE DATA
COLLECTED ON THE INSTRUMENTED MOTORCYCLE

6.1 INTRODUCTION

The performance criteria used in the skill tests allowed the
rider’s overall performance to be assessed in an objective manner,
operator technlque being largely lgnored. This emphasis on the func~-
tional aspects of the task performance was necessary because the skill
tests were specifically designed for licensing programs. In under-
standing skilled performance, however, 1t is important to look not
only at the overall achievement but also at the manner in which it was
attained (Welford, 1968). Data collected on the instrumented motorcy-
cle make it possible to examine operator technlque, providing a wmeans
by which to uncover characteristic patterns of rider/cycle behaviour
related to levels of skill, task demand and motorcycle handling pro-

perties,

This chapter examines the data collected on the instrumented
motorcycle for the emergency braking task (straight path), and the
obstacle avoidance task for the MOST and the AST. These two tasks,
which are critical to riding safety and which form an integral part of
the two tests, were shown earller to provide a means by which to dis-

criminate between riders of different skill levels,
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6.2 EMERGENCY BRAKING TASK

6.2.1 Interpretation of Data Trace

Typical data traces, showing the rider control inputs of front
and rear brake force, and motorcycle speed, for a rider performing the
emergency braking task (exerclse 7 of the MOST), are shown 1n Figure
6.1. For this task, the rider was required to ride down a straight
path towards signal lights at approximately 32 km/h. When the signal
lights were activated (indicated by beginning of the glitch on the
speed trace), the rider was required to bring the motorcycle to a comr
plete stop as quickly and as safely as possible. I1f the approach
speed maintained by the rider fell within the prescribeé acceptable
range, then that attempt waa assessed., Further detaills of the test

procedure are given in Appendix C.

6.2.2 Measures for the Emergency Braking Task

In order to compare the braking performance and technique of dif-
ferent riders, measures were devised to ‘describe’ different features
of the data traces which characterized the rider, the rider’s control
inputs and the cycle’s response. Following is a list of emergency
braking task measures. To appreciate the quantitative significance of
each measure, Figures 6.1 to 6.4 show examples of a number of dif-
ferent braking behaviours which will allow ifllustration of the meaning
and purpose of the proposed meagures. Table 6.1 provides the numeri-

cal values of the measures associated with each of the examples.

{1} TEST SCORE - This 1s the overall MOST score {the number of penalty
points assigned) and is assumed to be directly related to rider skill

level,

{2) MEASURED STOPPING DISTANCE - The distance measured from the point
on the course at which the signal lights were activated, to the point

where the motorcycle became statlonary.
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(3) REACTION TIME - The time period measured from when the signal
lights were activated to when either the front or the rear brake

transducer reglstered a non-zero brake lever force.

(4) APPLICATION TIME DIFFERENCE - The time interval between the appli-
cation of the front and rear brake forces. A positive time interval

indicates that the front brake was applied first.

{5) AVERAGE SPEED - The average speed of the motorcycle for the 130 ms
period just before the signal lights were activated.

(6) AVERAGE DECELERATION - This was calculated by dividing the average
speed by the time interval (referred to as the ‘braking time’) which
began when either brake was applied and ended when the motorcycle

became stationary.

(7) FRONT FORCE MEAN - The average front brake lever force over the
period of application of the front brake.

{8) REAR FORCE MEAN - as for (7), but calculated for rear brake force.

{9) FRONT STD-DEV/MEAN - The standard deviation of the front force
divided by 1its mean (l.e. a ‘coefficient of variation’). The stan-—
dard deviation was normalized in this manner since it was found that,
in general, high standard deviations were associated with high mean
force levels. For example, the front force traces in Figures 6.1 and
6.3 have similar shapes but differ in their overall scale. The coef-
ficients of variation for these traces are quite similar (see Table
6.1). This measure thus characterizes the variability of the force
application rather than its level, Figures 6.1 and 6.2 illustrate
front brake applications with similarly low mean force levels but
differing 1n the variability of modulation of the braking effort.
Figures 6,3 and 6.4 provide a simllar contrast for a high front brake

force level,

(10) REAR STD-DEV/MEAN - As for (9}, but calculated for rear brake

force.
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(11) FRONT/REAR RATIO - The front force mean (7) divided by the rear
force mean (8), a measure of the proportioning of braking effort

between the front and rear.

(12) FRONT-REAR CORRELATION - A simple correlation coefficlent between
the diglitized data palrs of front and rear force levels, calculated
for the time period during which both brakes were applied. This meas-
ure gives an Indication of the degree of coupling between the rider’s
hand and foot brake force inputa, Contrasting examples are given in
Figures 6.6 and 6.7.

6.2.3 Components of Skilled Performance

As indicated in the introduction to this chapter, the objective
¢f the present analysis 1s to answer the question: What aspects of
aperator technique distinguish a skilled braking performance from a
lesg-skilled one? The method adopted in an attempt to provide answers
to this question was multiple linear regression. Several regressions
were computed to determine the relationship between a measure of skill
and those of the parameters described 1n the last section which

characterlize some aspect of operator technique.

The first measure of skill adopted was the rider’s overall MOST
score. Reflecting as it does performance in a variety of tasks, of
which emergency braking was only one, the MOST score possibly provides
the best general Iindication of the level of the rider’s “gkill’ in

controlling a motorcycle.

1t is posaible, of course, that different skills are required for
braking than for some of the other MOST tasks., The measure adopted to
represent braking skill was average deceleration achieved. The other
measure which wmight have been used, the measured stopping distance,
suffers from the fact that it is sensitive to the Initial speed of the
bike and to the rider’s reaction time, both of which are only partial-
ly within the rider’s control.
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TABLE 6.1

NUMERICAL VALUES OF MEASURES FOR DATA SHOWN IN FIGURES 6.1 TO 6.4

Figure
Meagure = = === 00 @o0=———— e -

6.1 6.2 6.3 6.4
MOST score 25 24 19 7
Stopping dist. (m) 17.7 18.3 13.3 7.6
Reaction time (s) 0.479 0.459 0.371 0.381
Appl‘n time diff, (s) -0.508 -0.059 -0.098 -0.059
Average speed (km/h) 34.5 38.8 41.3 30.5
Ave deceleration (g) 0.38 0.50 0.62 0.66
Front force mean (N) 53.7 50.1 153.3 157.8
Front std dev (N)" 5.9 14.7 24.3 53,1
Front std-dev/mean 0.110 0.294 0.160 0.340
Rear force mean (N) 138.8 115.9 69.2 145.7
Rear std dev (N)" 33.8 37.8 43.5 46.2
Rear std-dev/mean 0.245 0.328 0.640 0.321
Front/rear ratio 0.39 0.43 2.22 1.08
Front-rear correlation 0.433 0.170 0.153 0.035

e e et et e g e e e e et et —— iy s i i e e e et

* These measures are shown for comparison with the means

and std-dev/mean ratios.

The followlng forward—-selection strategy was adopted for the
regression. The order of insertion of the independent variables into
the equation was determined by using the partial correlation coeffi-
clent between the dependent and each Independent variable as a measure
of the importance of each variable not yet entered into the equation.
The squared partial correlation coefficient of an independent variable
may be understood as that proportion of the variance not estimated by
the variables already 1in the equation which is assoclated with the
given independent variable. The variable with the highest partial
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correlation coefficient, which therefore explained the largest amount
of the unexplained variance, was entered on each successive step,
This procedure was varied if the variable in question was an interac-
tion term {a “product’ of independent variables). In order for an
interaction term to enter and remain in the equation, all of its con-
stituent elements had to be already in the equation, whether or not
they were silgnificant. This was because an lateraction term will be
linearly correlated with each of its constituent elements, often quite
substantially so. Not controlling for the constituent elements (or
including them in the regression equation) would be to assume that all
of the variance explained by the product of the two independent vari-
ables was due entirely to thelr interaction {Cohen and Cohen, 1975).
Only after the constituent elements of the interaction term were con-
trolled for, was the intevaction term considered and its significance

tested.

A partial F test was used to evaluate the significance of the
varlable most recently entered Into the equation. 1If the variable did
not make a2 significant contribution to the explained variance, the
process was terminated (except for the case where an interaction term
wag being consldered). The program for the multiple linear regressaion
used the subroutine MULTR from Digital Equipment Corporation’s Scien-
tific Subroutine Package (SSP-11), version 1l.2.

6.2.4 Regression for MOST Score

Table 6.2 shows the measures assocliated with the dependent
varlable, Y, and the independent variables, X(i), 1 = 1,2,...,9 for
this regression, together with the means and standard deviations of
the variables. WNote that the sample s8ize (49) 18 leas than the total
test group slze (59) because the data traces for some subjects were
too ‘nolsy’ or, for some other reason, the measures could not be cal-

culated from their data,
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TABLE 6.2

VARTABLES FOR MOST EMERGENCY BRAKING REGRESSION

Measure Standard
Variable (units) Mean deviation
Y MOST score 12.1 B.26
X(1) Reaction time (s) 0.387 0.108
¥(2) Appl’n time diff. (8) ~0.004 0.253
X(3) Average speed (km/h) 36.3 3,63
X(4) Front force (N) 126. 55.6
X(5) Rear force (N) 135, 35.4
X(6) Front std dev/mean 0.241 0.0737
X7 Rear std dev/mean 0.304 0.0877
X(8) Front/Rear ratio 1.01 0.537
X(9) Front-Rear correl’n 0.352 0.424

Note: Sample size = 49

The mean for X(3) shows that the test speed was slightly higher

than that which riders were required to maintain.

The simple correlation coefficients between varlables are shown
in Table 6.3. Variables which are highly correlated with the MOST
Score are Front Force Mean {(-0.655), Front/Rear Force Ratio (-0.465)
and Reactlon Time (0.449). These coefficients suggest that riders who
(according to their test score) are skilled, react quicker, apply a
larger amount of front brake force and proportion thelr braking effort
more in favour of the front brake than the rear brake, than those who
are less skilled. HNote that any subsequent references to skilled and
less-skilled imply, respectively, riders who scored well (low score),

and riders who scored poorly (high score) on the MOST.
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TABLE 6.3

SIMPLE CORRELATTON COEFFICIENTS BETWEEN VARIABLES IN TABLE 6.2

¢ X(1)  X2) X(3) X(4) x(5) X(6) X(7) X(8)

X(1) 0.449

X(2) ~0.340 -0.199

X(3) -0.100 -0.322 -0.113

X(4) -0.655 ~0.442 0.317 0.192

X(5) -0.142 o0.108 -0.082 0,062 -0.007

X(6) 0.029 -0.164 0.199 0.129 -0.039 0.186

X(7) -0.171 -0.164 0.211 0,077 0.273 -0.367 -0.119

X(8) -0.465 -0.429 0.321 0.188 0.828 -0.522 -0,138 0.491

X(9) 0.217 -0.284 -0.140 0.221 -0.102 Q.116 0.000 -0.226 -0.171

For the independent variables, Front/Rear Ratio is highly corre-
lated with the followlng independent variables - Front Force Mean
(0.828), Rear Force Mean (-0.522) and Rear Std-Dev/Mean (0.491).
Reaction Time is moderately correlated with Front Force Mean (0.442).

Using the regression strategy outlined earlier a regression was
performed with the variables in Table 6.2. Interaction terms, which
were consldered up to third order, were found te be not significant
when the constituent elements were controlled for, Tables 6.4 and 6.5
summarize the regression results. The order of 1inclusion has been
preserved in the tables and the first variable for which the regres—
sion coefficient was not significant has also been included. Note
that 1inclusion of this variable in the equation causes only a small
change in the explalined variance and the regression coefficient esti-

mates for the significant variables,
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TABLE 6.4

REGRESSION RESULTS FOR MOST SCORE

Estimate of Simple Overall

Varilable R R2 population ARZ significance
R2 r of regression

Front force mean 0.6534 0.428 0.417 0.428 ~0.655 1%
Reaction time 0.678 0.460  0.437 0.032 0.449 1%
F-R correl’n 0.717 0.514 0.487 0.054 0.217 1%
Rear force mean 0.478 0.559 0.520 0.045 -0.142 1%
Appl‘n time diff. 0.755 0,570 0.521 0.011 -0.340 1%
TABLE 6.5

REGRESSION COEFFICENTS FOR MOST SCORE

Regression Coefficient Significance

Variable coefficient standard of coefficient
deviation estimate

Front force mean -0.0662 0.0175 1z
Reactlion time 25.4 9,29 1%

F-R correl’n 5.38 2.13 5%

Rear force mean  -0.0517 0.0236 54

Appl’n time diff. -3.66 3.454 n.s.
CONSTANT 15.7 - -

Note: Standard error of regression = 5.71
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o Interpretation of regression for MOST score

The tegression provides information on which of the measures f{for
the emergency braking task differentiate between the skilled and
less-skilled riders. The first varlable to be entered into the equa-
tion is Front Force Mean, which explaing 42.8% of the variance in MOST
Score, The slgn of the regression coefficlent for this variable 1is
such that large Front Force Mean leads to an Improved score, i.e.
skilled riders apply higher 1levels of front brake force than
less-skilled riders. The variable Rear frake Mean also appears in the
regression equation; however 1its contribution to explained wvariance
is wuch smaller (4.5%) and its regression coefficlent is less signifi-
cant than for Front Brake Mean, The sign of the regression
coefficient indicates that use of the rear brake, ags for the front

brake, leads to an improved score.

The above results are consistent with observations made by Ervin,
MacAdam and Watanabe (1977) during experiments in which three riders,
claggified by riding experience as professional, skilled and novice,
performed braking tests as part of an lnvestigation of a procedure for
evaluation of motorcycle braking systems. They observed that the pro-
fessional rider made greatest wuse of the front brake, whereas the
skilled and novice riders preferred to use the rear brake, apparently

because of a lack of confidence in controlling front-wheel braking.

A varlable which does not appear in the regression equation and
which correlates well with score {(-0,465) 1s Front/Rear Ratio. This
is because Front/Rear Ratlo is highly correlated with Front Force Mean
{(0.828) and Rear Force Mean (-0.522), and therefore accounts for
approximately the same variance as front and rear force means. As a
result, once Front Force Mean has been entered into the equation,
Front/Rear Ratlo explains only an 1insignificant proportion of the
unexplained varilance. This situation is generally referred tec as the

praoblem of multicollinearity (Cohen and Cohen, 1975).
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Reaction Time was the second variable to enter the equation. The
regression coefficlent indicates that a short braking reaction time is
assoclated with a generally skilled performance in the M0OS5T. The fact
that shorter reaction times were assoclated with better MOST scores
may simply show that subjects with an inherently short ‘simple reac-
tion time’ (McCormick, 1970) are likely to perform well in a variety
of perceptual-motor tasks. However, ‘complex reactlon times’ also
reflect, in part, the "uncertalnty’ assoclated with a task (McCormick,
1970), which i8 related to the number of decisions or choices to be
made. In developing a skill, 1t seems that some of the task uncer-
tainty 1s resolved, through practice, by encoding 1information into
larger ‘chunks’ or units. Thus, for example, the unskilled sequence:
"A stop 1s required - Which is the brake lever? - How hard do 1
press? - Foot brake versus hand brake? - How am I doing?..." may be
replaced by the skilled sequence: "An emergency stop is required -
Execute learned emergency braking sequence'. The regression result
that the more skilled riders in the MOST exhibited shorter braking

reaction times 1s consistent with this interpretation.

Front-Rear Correlation was the third variable to enter the equa-
tion; its interpretation is a little more complicated. The range for
this variable is from —-1.0 to +1.0. 1Its regression coefficient indi-
cates that a large positive value leads to an increased score, i.e., a

less-skilled performance, and vice versa.

The importance of the sign of the correlation can be apprecilated
by referring to equation (6.1) on the following page, which gives the
relationship between the ratio of the front and rear normal forces
acting on the motorcycle tyres and the physical parameters and decel-
eration of the motorcycle., The simple relationship takes no account
of suspension or tyre deflections, and assumes that the overall centre
of mass remains in the same position relative to the wheel contact

points.
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Ne  (g.b + h.X)

£ B2 TR e (6.1)
N (g.a = h.x)

where X = deceleration
g = acceleration due to gravity
a =~ distance from the front wheel contact
polnt to the vertical projection of
the overall motorcycle plus rider centre
of mass onto the ground plane.
b = diatance from the rear wheel contact
point to the vertical projection of
the overall motorcycle plus rider centre
of mass onto the ground plane.
h = vertical distance from the ground
plane to overall centre of mass,
Nf = front wheel normal force

= rear wheel normal force

Equation (6.1} also represents the optimum ratio of the front and
rear longitudinal forces at the tyre-road interface as a function of
deceleration. That is, if this ratio is maintained, equal ‘demands’
on the avallable tyre/road friction coefficient will be made at the
front and rear wheels. To relate this ratio to the front brake lever
force, and rear brake pedal force, it is necessary to determine the
lever-force / deceleration characteristics of the motorcycle. In Sec-
tion 6.2.5 1t 1s shown that the front and rear lever-force /
deceleration characteristics were numerically very similar ({i.e. a
given lever force produced approximately the same deceleration,
regardless of whether it was applied to the hand or foot brake),
Since there was also very little zero-force deceleration offset, equa-
tion (6.1) represents a reasonable approximation (for this motorcycle)

of the optimum front/rear lever-force input ratio as a function of

deceleration.

The parameters required to evaluate the right side of equation
(6.1) were measured for the motorcycle used in the experiments and are

shown in Table 6.6. A platform scale was used to measure the front
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and rear normal loads, from which the overall mass of the motorcycle,
and the longitudinal position (a and b} of the ceatre of mass were
estimated. To determine the vertical position of the centre of mass,
the load on the ‘side stand’” was measured for two different roll
angles. By measuring the cycle roll angle and the perpendicular dis-
tance, In the ground plane, from the side stand contact point to the
line joining the two tyre contact points, it was possible to estimate
h’ with and without the rider. Figure 6.5 shows the calculated

optimum ratio of front to rear lever force as a function of decelera-

tion for the Honda CB400T. 1t is of interest to compare this optimum

ratio with the ratios actually used by test riders.

TABLE 6.6

PHYSICAL PARAMETERS FOR HONDA CB40OT

e o s e el el el e

cycle alone®  0.734 0.656 0.400 185

cycle + rider 0.803 0.587 0.661 258

* This is the motorcycle as described in appendix A, i.e. with data

acquigition system and transducers.

Figures 6.6 and 6.7 show data traces for two subjects. The first
is for a subject with a high positive front-rear correlation (0.864)};
the second is for a subject with a high negative correlation (-0.766).
According to the regression results, the data for the first figure
would correspond to a less-skilled rider; that for the second a
more-gkilled rider. In fact, the MOST scores for these individuals

were, respectively, 13 and 0. These examples are representative of

the ‘high correlation’ runs.
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Figure 6.5
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force against deceleration for the Honda CB4QQT.
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Shown also in Figures 6.6 and 6.7 is the acceleration of the
motorcycle obtained by differentiating the speed trace. The accelera-—
tion trace is quite “noisy’ since the speed trace from which it was
calculated 1s noisy. The ratioc of the measured front and rear forces
was calculated for a number of points along the deceleration curves in
Figures 6.6 and 6.7 (the traces were firstly smoothed) and plotted in
Figure 6.5 for comparison with the theoretically determined optimum
curve. The result for the skilled rider (data from Figure 6.7) shows
that the subject increased the ratio of front to rear force as decel=-
eration 1increased approximately in accord with the optimum curve. By
contrast, the less—~skilled rider (data from Figure 6.6) maintained an

approximately constant ratlo, regardless of deceleration.

The Front-Rear Correlation results suggest that skilled riders
may be aware, at some level, of the “welght transfer’ which accompan-
ies deceleration, and attempt to wutilize this "knowledge’ by
proportioning the braking effort to each wheel in an optimal manner.
Applying the brakes as shown 1n Figure 6.6 would eventually result in
a rear wheel lock-up, since the normal load on the rear wheel, and
therefore the maximum avallable rear wheel longitudinal braking force,
decreases with increasing deceleration, A rear wheel lock-up reduces
the directional controllability of the motorcycle and may create a

hazardous situation for the rider.

In summary, it appears that skilled riders are able to 4indepen-
dently wmodulate thelr front and rear brake force inputs so that, as
the motorcycle deceleration Increases, the ratlo of front to rear
force 1increases in the manner required for optimum utilization of the

avallable tyre/road friction.

Finally, although the estimate for the regression coefficlent of
the variable Application Time Difference was not significant, 1t is of
interest to examine the data for this variable in detail. The sign of
the regression coefficient for this variable indicates that riders who
applied the froat brake first were the more skilled riders. Table 6.7
provides a breakdown of scores and reaction times for the three possi-

ble outcomes for application time difference.
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TABLE 6.7

APPLICATION TIME DIFFERENCE DETAILS

First brake application

Front Together Bear

No. of subjects 17 3 29
Appl’n time diff. (8)

Mean 0.103 0.000 -0.115

Std. dev. 0.139 - 0.110
Reaction time (s)

Mean 0.345 0.413 0.410

Std., dev. 0.095 0.181 0.105
MOST score

Mean 9.24 15.67 13.83

Std. dev. 4.86 3.77 9.50

Approximately twice as many riders applied the rear brake first
as applied the front brake first. The mean reaction time for the
‘rear brake riders’ was greater than for rilders applying the front
brake first, the difference being significant at the 5% level. The
difference between the mean MOST scores for these two groups {8 also
significant at the 5% level, These results indicate that, on average,
the skilled riders reacted faster and applied the front brake first,
whereas the wunakilled riders took a longer time to react and applied
the rear brake first. It is hypothesized that the skilled rider’s
strategy was to apply the most effective brake, for these conditions,

as soon as possible to achieve the shortest stopping distance.
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This result 1s not consistent with observations made by McKnight
and Fitzgerald (1976) during straight line braking experiments involv-
ing two highly experienced riders. To record rider brake control
inputs, a mnovie camera mounted on the motorcycle was used to capture
the position of a set of pointers (connected to each control) dis-
played on a panel mounted behind the rider. They found thdt in most
instances the tear brake was applied slightly before the Eront Dbrake.
This difference was attributed to the operator’s and vehicle’s control
mechanisms rather than any attempt to apply one brake ahead of the
other. The inconsistency with the present study is probably due to
sample size differences (two compared to forty-nine), and simply
reflects inter-rider variability, Further, it is difficult to assess
the fidelity of the McKnight and Fitzgerald (1976) data, slace details

of the transducers used to measure the control inputs were not provid-
ed,

6.2.5 Regresslon for Average Deceleration

The independent variables, X(i), and their means and standard
deviations shown in Table 6.2 apply also for the regression on Average
Deceleration. For the dependent variable, Y, a mean value of 0.577g
and a standard deviation of 0.109g were determined. Table 6.8 shows
the correlation coefficients between Average Deceleration and the
independent variables; the correlation coefficlents between the inde-

pendent varlables are identical to those listed in Table 6.3.

Average Deceleration 1s highly correlated with Front Force Mean
(0.886) and Front/Rear Ratio (0.652}. The discussion in the previous
sectilon relating to correlated independent variables applies equally
here,. The results for this regression are summarized in Tables 6.9
and 6.10. Once again the order of inclusion of wvariables into the
equation has Dbeen preserved in the tables and the first variable for
which the regression coefficient was not significant has also been
included.
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TABLE 6.8

CORRELATION BETWEEN DECELERATION
AND THE INDEPENDENT VARIABLES

- o

Independent Average
variable deceleration
Reaction time -0.336
Appl'n time diff, 0.218
Average speed 0.135
Front force mean 0.886
Rear force mean 0.169
Front std-dev/mean -0.020
Rear std-dev/mean 0.159
Front/rear ratio 0.652

F-R correl’n coeff. 0.031

A very large proportion of the variance In average deceleration
(78.5%) 1is explained by Front Force Mean level. The estimate for the
regresaion coefficient for this variable 18 significant at the 1%
level. By comparison, Rear Force Mean and Front-Rear Correlation
together account for only &4.2% of the explained variance and the esti-
mates for thelr regression coefficients are significant at the 5%
level. The fourth variable which was not significant but was nev-
ertheless 1included 1in the equation, waa Reaction Time. The constant
in the equation, 0.22g, reflects the amount of deceleration not
accounted for by the selected independent varlables and is assumed to
be due to the effects of rolling resistance, aerodynamic drag and

engine braking.
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TABLE 6.9

REGRESSION RESULTS FOR DECELERATION

Estimate of Simple Overall
Variable R R? population AR? significance
RZ T of regression
Front force mean 0.886 0.785 0,781 0.785 0.886 1%
Rear force mean 0.903 0.8l16 0.808 0.031 0.169 1%
F-R correl’n 0.909¢ 0.827 0.815 0.011 0,031 1%
Reaction time 0.913 0.834 0.820 0.007 -0.336 1z

——— - — e et e e ——

TABLE 6,10

REGRESSION COEFFICENTS FOR AVERAGE DECELERATION

Ol . B . el e e A R B A B el el e . A Al el B Dl el e ks gt S S el —— e e e e

Regression Coefficient Significance

Variable coefficient standard of coefflicient
deviation estimate
Front force mean 0.00185 0.000138 12
Rear force mean  0,00045 0.000190 5%
F-R correl’n 0.0363 0.0170 5%
Reaction time 0.108 0.0745 n.s.
CONSTANT 0.219 - -

Note: Standard error of regression = 0,049
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e Interpretation of regression for average deceleration

The sign of the regression coefficients for Front Force Mean and
Rear Force Mean indicates, as one would expect, that high front and
rear force means lead to high decelerations. The sensitivity of the
motorcycle to front brake force inputs is seen to be approximately
four times that of the rear brake. As the regression coefficlents for
these two variables represent the front and rear brake lever-force /
deceleration characteristics of the motorcycle, it 1s possible to
check these estimates by referring to the work of Juniper (1982). A
portion of Juniper’s work was devoted to calibrating the CB4QOT
brakes; i.e. he measured the hrake lever-force / deceleration charac-
teristics and brake lever—displacement / deceleration characteristics
for the front and rtear brakes independently. MNote that the same
transducers and data acquisition system were used for Juniper’s work.
Calibration of the cycle was achieved by the rider applying an approx-
imately sinusoidal input of brake lever force while the motorcycle was
travelling 1n a straight 1line. Juniper estimated the motorcycle’s
front and rear lever-force / deceleratfon sensitivity by fitting a
first order regression equation to the data. The slope estimate
obtained from the regresslon represented the required sensitivity,
This estimate mneglects the ‘constant’, or zero-force deceleration
offset, which was found to be approximately zero for both brakes.
Note that the test rider was required to disengage the engine prior to
applying the brake. For the present study the constant in the regres-—
sion equation would primarily result from engine braking because
riders were required to ride in second gear and did not, in general,
disengage the engine wuntll the motorcycle was almost statlonary.
Table 6.11 shows a comparison of Juniper’s results and those obtained

in the present study using multiple regression analysis.

From the table it can be seen that the present study estimate for
the sensitivity of the front brake 1s somewhat larger than Juniper’s.

Reasons which could account for the difference are as follows:

e The range of decelerations and speeds covered by the two tests was
different: 0.3 to 1.0g8 and 0 to 40 km/h for the present study;
0.0 to 0.5g and 0 to 60 km/h for Juniper’s work.
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TABLE 6.11

CB400T LEVER-FORCE/DECELERATION SENSITIVITIES

Force sensitivities (stlm)

el el et . gt et et i i i i i i B s i i vt i

Front Rear
Juniper (1982) 36.4 38.3
+1 std dev" 59.6 292
Present study+ 55.1 226
=1 std dev 51.2 159

* This refers to 1 standard deviation of the regression coefficient

for the present study.

+ This 1is calculated from the coefficient for the linear term of the

regression equation.

e Although riders were instructed to ride down the path in second gear

some chose to ride in first gear,

The estimate for the rear brake is significantly larger than
Juniper’s. In addition to the reasons given above, the rear brake
Tesult can be explained as follows., During the conduct of the emer-
gency braking test for the MOST, it was observed that many riders
adopted the strategy of locking the rear wheel and controlling the
application of the front brake. When the rear wheel is locked, any
further increase in rear brake lever force does not produce a propor-
tional 1Increase 1n  deceleration, i.e. the assumed ‘linear”’
relationship between deceleration and rear brake force 1is no longer

valid.
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The braking strategy mentioned above is an 1interesting ome and
the work of McKnight and Fitzgerald (1976) highlights its importance.
For their work, two highly experienced riders performed a serles of
straight line braking tasks. The following three braking techniques

were used for applylng the rear brake:

(1) Locked - rear brake was applied so that the rear wheel remained
locked.
{i1) Controlled - the rear brake was applied as firmly as possible
without locking the rear wheel,

(111) Modulated - the rear wheel was alternately locked and released.

The shortest stopping distance was achieved when the first technique
was employed. McKnight and Fitzgerald (1976) attribute this to the
fact that locking the rear wheel allows the operator to devete total
attention to adjustment of the front brake. These results would sug-
gest this to be a ‘good’ strategy for straight line braking. If the
motorcycle 1is not travelling 1n a stralght line, a rear wheel lock
will cause the rear of the motorcycle to skid sideways with little
control., This technique is therefore not recommended as it may become
a habit.

The third variable to enter the equation was Front-Rear Correla-
tion, for which the regression coefficient is positive. Recall from
the MOST Score regression that the gign of the regression coefficient
for this varlable was negative. These results are not necessarily
contradictory. The MOST score résult indicates that skilled riders
are able to proportion thelr braking effort in an optimal manner as
deceleration changes, as discussed earlier. The present result indi-
cates that a slightly higher mean deceleration can be achieved by
maintalning a constant front to rear brake lever force ratio. Indeed
to achieve the highest possible mean deceleration it would be neces-—
sary to make full use of the avallable tyre/road friction by
malntaining the maximum possible deceleration level for the entire
braking perlod. This can be achieved moat efficiently by keeping both
wheels on the verge of ‘lockup’, a condition which can be maintained

by applying constant front and rear brake lever forces for the dura~-
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tion of the deceleration period (assuming that the braking system

characteristics are lndependent of motorcycle speed).

Reaction time, which was not significant, was the final wvariable
te be entered into the equation. The estimate for the regression
coefficlent 1is positive, and suggests that a longer braking reaction
time leads to higher decelerations. One explanation for this curlous
result is as follows: The path which the riders were required to ride
down was the same as for the immediately following obstacle avoidance
exerclse., The applicant instructions for the obstacle avoidance exer-
cise indicate to the riders that the obstacle line is the “target’ for
this exercise (see Appendix C). For the emergency braking exercise
riders were told to come to a complete stop as quickly and as safely
as possible; however, riders were not told to ignore the obstacle
line. A8 a result of this omilssion the obstacle line may have
represented a stopping target to riders. Riders with a longer reac-
tion time would therefore have to brake harder to try to stop before
the obstacle line. Juniper (1982) obtalned the same result in emer-
gency braking tasks in which the {nstructions given to the two riders

tested were similar.

6.2.6 Analysis of the Braking Measures for the AST

The measures devised for the MOST were used to describe the brak-
ing behaviour of riders In the AST. Two regressions were computed for
each of the two measures of skill, namely, overall AST score and aver—
age deceleration. The first of each of the two regressions was
performed with the level one data and the second regression with the

level two data.

0f the four possible braking situations in the AST presented to
the riders, only data for the two levels of the prescribed task were
analysed. Furthermore, since riders were required to perform each
task one or more times, where applicable the average of the numerical
values for each measure was used. This was thought to represeant each
rider’s braking behaviour more accurately than the measures of a sin-

gle trial,
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The data were examined and those runs from which the measures
could not be extracted were not used. It is interesting to note that
one particular rider applied the rear brake with such force, for all
of his level one runs, that the output signal from the force transduc—
er exceeded the maximum recordable level - which is about 300 NI Foot
strength distributfon data cited by Zellner (1980) for males applying
automotive brakes and a machine foot bar, of which the latter, it
would appear, 1s more akin to rear brake application on a motorcycle,
indicate a fifch percentile polnt of about 230 N and a median, or
fifty percentile point, of about 260 N. The brake force level which
the present rider achleved is not known but the result indicates that

it was significantly higher than the strength distribution data show.

From the sample of 18 riders, the data from the level one braking
task was useable from 16 riders and from 15 riders for the level two

taskc

o Regression for AST score

The measures used for the first two regressions on AST score are
{dentical to those 1listed in Table 6.2 for the MOST and, with the
exception of reaction time, speed, and AST score, the means and stan=-
dard deviations of the variables are not very different to those
listed in that table. A slightly longer average reaction time was
determined for level one (0.520 s) and level two (0.499 s8), and the
test speed malntalned by the subjects was lower {31.4 km/h), but
closer to the specifled test speed, for the AST than for the MOST.
Note that the values shown in Table 6.2 are almest identical te those
determined from the MOST data of the AST subjects, with the exception
of Front Force Mean which was found to be somewhat less (98.9 N) than

the value for the total MOST sample.

The values for the measures determined from the level one data
were assigned to the independent variahles and regressed on AST score
using the regression strategy outlined 1n Section 6.2.3. The follow-
ing 1independent variables explained 69.5% of the variance in AST
score: Front Force Mean (50.4%), Application Time Difference {(14.6%)
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and Reaction Time (4.5%). Of these variables, the regression coeffi-
cient for the first two are significant at the 1%¥ and 5% level,
respectively, and the sign of the regression coefficients, for all
three variables, are identical to those for the MOST listed in Table
6.5. The discussion pertaining to these variables presented in the
MOST section applies equally here, The overall regression is signifi-
cant at the 1% level, HNote that the regression coefficient estimate
for Application Time Difference 1s significant for the AST but was not
significant for the MOST (see Table 6.5).

The values of the measures for the level two task were next
asslgned to the 1independent variables and the regression repeated.
Front/Rear Ratio and Application Time Difference explained 68.2% of
the variance in AST score. Of these two variables Front/Rear Ratio
explained 61.42% of the variance in score and its regression coeffi-
cient is significant at the L% level. The regression coefficlent
estimate for Application Time Difference is not significant but 1its
sign 1is 1dentical to the level one result for this variable., The
overall regression is significant at the 1% level. The fact that
Front/Rear Ratio appears 1In the regression equation and Front Force
Mean does not is not inconsistent with the MOST or level one AST
results. These two wvarlables are wnot only highly correlated with
score (-0,784 for Front/Rear Ratio, and -0.749 for Front Force Mean)
but also with each other (0.925). The problem of multicollinearity
was discussed in Section 6.2.4 and that discusslion 1s applicable here.

e Regresslon for average deceleration

The measures used for the regression on Average Deceleratlon are
identical to those used in the previous regressions and, although the
sample was slightly different, the mean and standard deviations of the
independent variables are almost identical. For the level one and two
tasks, average decelerations of, respectively, 0,549 g and 0.543 g
were calculated. These are slightly higher than the average decelera-
tion achieved by the AST subjects in the MOST emergency braking
(0.518 g). Note that the two values of average deceleration in the

AST are not very different, suggesting that the riders were braking to
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their full capacity in the ‘easier’ level one task - as noted already
in Chapter 5, This behaviour is examined in more detail in the next

gection.

The two regressions were computed and it was found that the level
one and level two results were virtually identical. The following

discussion applies equally to both regressions,

Froant Force Mean was the first variable to be entered 1into the
equation and 1t alone explained about 91%Z of the variance in Average
Deceleration., With Front Force Mean in the equation, only a small
amount of the varlance in average deceleration was left for the eight
variables and theilr interactions to explain. The regression was con~
tinued and a further ten variablea, two of which were interactions,
were entered into the equation. All of the variables explained only a
small, but statistically not insignificant, amount of the remaining
variance. MNote that some variables in the equation were not statisti-
cally significant but were in the equation because they were the
constituent element(s) of an Interaction. Clearly because so much
variance was explalned by Front Force Mean, a remaining variable only
need account for a small amount of the variance in Average Decelera-
tion which was not accounted for by Front Force Mean for it to be
significant, Furthermore, the number of parameters 1in the equation
was getting close to saturation - that 18, the number of observations
- making the real significance of the new terms questionable ({Draper
and Smith, 1966). For these reasons only the relationship between
Average Deceleration and Front Forée Mean is believed to be accurately
portrayed. The result for Front Force Mean is identical to the one
obtained for the MOST.

6.2.7 Learning Effect in the AST

Learning 1s characterized by a3 relatively permanent change in the
performance of an individual which can be shown to be the result of
experience (Fitts and Posner, 1967; McCormick 1970).
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The AST was designed so that each subject performed a given task
at least once. Because some riders were assigned a particular task
more than once, in some cases six times (because task assignment was
on a random basis), 1t was possible to determine whether or not there
had been improvements in a subject’s performance iIin the successive

runs of a task.

Plots of stopping distance and average deceleration, which are
used here as measures of performance, against trial number are shown
in Figures 6.8 (a) and (b) for level one of the AST for subjects who
recelved at least four repeated runs. HNote that trial number zero
refers to the MOST and successive trials on the plot need not cor-
respond to consecutlve runs in the test. Although there is a slight
improvement over the subjects’ MOST performance, 1in general, rilders
mailntained a fairly constant level of performance. In fact, even
those subjects who failed to stop before the obstacle line (11.6 m)

appear to have maintained a constant level of performance.

Before one can determine whether or not learning has occurred, it
is important to establish the nature of the performance and type of
learning involved. Consider the conditions that contribute to learn-
ing: motivation, knowledge of results, distributlon of training
periods, and types of incentives used. Of these, knowledge of results
is assumed to be the one of most importance in this situation for this
reason: The braking task required that riders try to stop before the
line representing the obstacle. If a rider satisfied this requirement
in each run, then there would be no need in the next run to brake
harder and try to stop 1n a shorter distance. As a consequence, one
would not expect thelir level of performance tc improve beyond that
required to perform the task successfully., This was apparently not
the case. The observation that riders appear to have maintained a
constant level of performance 1s 1in accordance with the idea that
individuals set themselves a performance level beyond which they do
not ‘push’ themselves (Helson, 1964; McCormick, 1970). However, this
is only one Interpretation of the data and it 1s possible that the
riders were all doing thelr best and could not improve their perfor-

mance even if they wanted to.
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Figure 6.8 (a) Stopping distance achleved by a number of riders

in the AST for repeated level one braking runs.
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Figure 6.8 (b) Average deceleration achieved by riders in repeated

level one braking runs.
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It is interesting to observe in Figures 6.9 (a) and (b), which
show front and rear force mean as a function of trial number, that the
improved performance of riders in the AST over the MOST is apparently
due to increased usage of the froant brake. This result indicates that
during the period between the tests riders improved thelr braking
skills.

In summary, it appears that no learning has taken place during
the AST and riders maintained a constant level of braking performance
regardless of task difficulty; however, riders’ braking skills appear

to have improved since they were administered the MOST.

6.2,8 Summary and Conclusions from Analysis of the MOST and AST
Braking Data

Following is a summary of the findings from the analysis of the
data collected on the instrumented motorcycle for the MOST and AST

emergency braking exerclse:

(1) A multiple linear regression was performed with overall MOST
score (taken as a measure of rider skill) as the depeandent vari-
able, and various measures extracted from the emergency braking
data as the Iindependent variables. Of the measures used, the
most important were found to be: Front Force Mean, Reaction
Time, Front-Rear Correlation and Rear Force Mean. These alone
accounted for 57.0% of the variance in MOST Score. The overall
regression was significant at the 1% level., The regression
coefficients obtained from this regression indicate that the
skilled riders, when c¢ompared with the less-skilled riders,
apply larger front and rear brake forces, have shorter reaction
times, and are able to independently modulate their front and
rear brake force inputs sBo that, as the motorcycle deceleration
increases, the ratio of front to rear force increases in the
manner Trequired for optimum wutllization of the  available

tyre/road friction.
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(11)

(111)

(iv)

(v)

(vi)

An examination of the time difference between the application of

the front and rear brakes 1indicates that the skilled riders
applied the front brake first., By contrast, the less skilled

riders applied the rear brake first. It is hypothesized that
the skilled rider’s strategy was to try to apply the most effec-—
tive brake, for the given conditions, as soon as possible to
achleve a shorter stopping distance. This finding is in direct
contradiction to observations made by McPherson and Fitzgerald
(1976), where for two skilled riders it was found that the rear

brake was applied first in most Iinstances.

A second regression was performed to determine which of the
measures are associated with average deceleration. Front Force
Mean, Rear Force Mean and Front-Rear Correlation were the most
important variables and accounted for approximately 83% of the
varlance 1in average deceleration. The regression coefficients
for these variables indicate these features lead to 1lmproved
decelerations: large front and rear force means and maintalining

a constant front to rear brake lever force ratilo.

The estimate for the regression coefficient for front force mean
compares reasonably well with that determined by Juniper (1982)
for the same motorcycle using a different technique. For the
rear brake the estimates for the present study are poor because
many riders performing the test adopted the braking strategy of
locking the rear wheel and devoting full attention to control of

the front brake.

The regresslons performed on the MOST data were repeated on the
AST level one and two prescribed braking task data and similar

results were obtalned.

Examination of the data for the repeated prescribed braking tri-
als in the AST revealed that no learning had taken place and
riders mailntained a constant level of performance regardless of
task difficulty. However, riders’ braking skills appear to have

improved since they were administered the MOST,
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6.3 OBSTACLE AVOIDANCE TASK

6.3.1 Data Analysis

The analysis of the data in this section deals primarily with the
obstacle avoldance task of the MOST and AST. Several analysis techni-
ques were used and these are discussed subsequently. Where
appropriate, analysls of the data for some of the less critical MOST

exerclses are presented.

Although the data collected for the obstacle avoldance task were
quite good, a number of the runs could not be used because problems
occurred with some of the transducers during the conduct of the exper-
iments. For example, the steer torque transducer failed suddenly
three times, the first two times for no apparent reason and the third
time when the motorcycle was dropped by a subject during a test exer-
cise. The data for the steer torque varlable was therefore not
available for 16 of the subjects administered the MOST and for 5 of
the subjects administered the AST. Furthermore, the rate gyroscopes
used 1nitially were found to be adequate during moderate manoeuvres;
however, during the more severe manoeuvres, and for the more aggres-
sive riders, these were found to be too sensitive, In order to
capture the maximum roll and yaw veloclties achieved by these riders,
it was necessary to use less sensitive gyros (Bee Appendix A}. It
took some time for the new gyros toc arrive from overseas during which
the experiments continued using the more sensitive ones, For those
riders tested with the more sensitive gyros there were some runse where
the roll and yaw rate data traces were ‘clipped’ because of transducer
saturation, if.e. the transducers wvere aubjected to motions which were
beyond their sensing range. Approximately half of the MOST sample was
tested with the less sensitive gyros.
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The approaches which were used to examine the data for this task

consisted of the followlng:

L Multiple Linear Regression - Various measures were devised and
extracted from the data traces and analysed using multiple linear
regression to determine what aspects of operator technique dis-

tinguish a skilled performance from a less-skilled one,

. Ensemble Averaging - The responses of riders of similar ‘sgkill’
level were averaged 1n an attempt to uncover characteristic pat-
terns of behaviour and sequencing of control 1inputs assoclated

with a particular ‘skill’ group.

® Data Traces amd Two-Variable Plots — The data traces for each
subject were examined to determine whether any other differences
exist between thelr control and response parameters which were
not tevealed 1in the regression analysls or ensemble averages.
Further, two-variable plots were explored as an alternative form
of data presentation. This method of presenting the data was
first used by Rice (1978) who suggests that cross-plots, or con-
trol dlagrams, generated by expert rilders may be useful as a
training aid by using the expert’s dlagram as a reference to

instruct tralnees.

6.3.2 Interpretation of Typical Data Traces

Figure 6.10 shows the recorded data traces for a skilled rider
performing a left obstacle avoildance manoeuvre. For this task the
instrumentation recorded the rider’s steer torque (T), steer angle (3)
and body lean control (¢R) inputs, and roll rate (¢) and yaw rate {r)
responses of the motorcycle as shown. Roll angle (¢) of the motorcy-
cle, which 1is also shown, was obtained by integrating the roll rate
data. Speed was constant at about 30 km/h. The sign convention for

the transducer outputs used heré was defined in Section 3.3.2.
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The task required that the rider turn left or right from a
straight path to avoid an ‘obstacle’, the direction of turn being
indicated by signal lights. As well as avoiding the obstacle =~ a
transverse line painted on the path -~ the rider was required to avold
encroaching the furthest lateral boundary of the adjloining traffic

lane (see Appendix C for more details).

The data traces show that the rider initlated the turn by apply-
ing a steering torque to the right, in a direction opposite to that of
the intended turn. The front wheel tracked to the right and the out-
ward inertia force caused the cycle to roll to the left (shown on the
roll rate trace),., During this phase of the manoceuvre the cycle yaw
rate was positive, i.e., the cycle was turning to the right away from
the intended turn direction. The cycle continued to roll further to
the 1left wuntil the front wheel was caused to track to the left by
reducing the applied steering torque (0.8s5 to 1l.0s mark). Maximum
roll velocity to the left was achleved when the steering assembly was
in the plane of symmetry of the motorcycle, i.e. straight ahead. As
the steering assembly was turned to the left (beyond the 1.0s time
mark), the roll velocity began to decrease as the inertia force acting
on the cycle worked ‘agalnst’ the gravitational force., At this point
the cycle was moving in the required direction - to the 1left. Prior
to passing the obstacle, and 1in order to avold crossing the outer
left—hand boundary on the course, the steering assembly was turned
further to the left (l1.25 to 1.9s time peviod) by applylng a rapid
steering torque in that direction, which increased the outward 1inertia
force and caused the cycle to roll towards and beyond the upright
position, around the obstacle line (at approximately the 1.58 mark)
and away from the outer boundary (2.08 mark), During the entire
manoeuvre, the rider lean trace indicates the rider’s upper torso
remained closer to the wvertical than the motorcycle main frame,
Further, the data traces for steer angle and rider lean are closely
coupled for the duration of the manoeuvre. Interpretation of this
behavliour 1g deferred to a later section. Note that there may be some

error in the measured rider lean trace (see Appendix J).
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6.3.3 Multiple Linear Regressaion

(a) Measures for the obstacle avoldance task

An identical regression strategy to that outlined in Section
6.2.3 for the emergency braking was used to compare the obstacle avoi~
dance performance and technique of different riders, Measures which
were sensible were again devised to "describe’ different features of
the data traces which characterize the rider, the rider’s control

inputs and the cycle’s response.

Following is a list of the obstacle avoidance task measures. The
quantitative significance of the measures can be appreciated by refer-
ring to Figures 6.11 and 6.12, which show examples of two obatacle
avoldance behaviours, and Table 6.12 which provides the numerical

values of the measures associated with each of the examples.

(1) TEST SCORE - This 1is the overall MOST score (the number of penalty
points assigned) and 1s assumed to be directly related to rider skill

level.

(2) TURN SUCCESS -~ Whether or not a rider managed to successfully
manoeuvre to avoid the ‘obstacle’, Success and fallure are denoted

by, respectively, 1 and 0.

(3) REACTION TIME - The time period measured from when the signal
lights were activated to when the steer torque transducer registered a
significant deviation of steer torque from zero. This transducer pro-

vided the best indicatlon of when the rider reacted.

(4) REVERSE STEER TORQUE SLOPE - The rate of change of steer torque
immediately after the rider reacted, This is a measure of the

"aggressiveness’ of the rider.

(5) REVERSE STEER PERIOD — The time period after the initial reaction
during which the steering assembly is displaced away from the intended

turn direction.
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(6) MAXIMUM REVERSE STEER ANGLE - The maximum magnitude of the steer

angle during the reverse steer angle period.

(7) TURN STEER PERIOD - The time period during which the steering

assembly is displaced towards the {ntended turn direction.

(8) MAXIMUM TURN STEER ANGLE - The maximum magnitude of the steer

angle during the turn steer pericd.

{9) TIME TO MAXIMUM TURN STEER ANGLE - The time period measured from

when the rider reacted to when peak turn steer angle occurred,

{10) INITIAL ROLL ACCELERATION - The magnitude of roll acceleration at
the beglnning of the reverse steer phase. The slope of the roll velo-

city trace was estimated from the data traces.

(11) TIME TC MAXIMUM ROLL ANGLE - The time period measured £from when
the rider reacted to when the first zero crossing of the roll velocity

trace occurred.

{12) ROLL ACCELERATION AT MAXTMUM ROLL ANGLE - The magnitude of roll
acceleration when maximum roll angle occurs. The slope of the roll
veloclty trace measured at the point where it first crosses the =zero

axls after the rider reacted.

{13) MAXIMUM LEAN ANGLE - The maximum magnitude of the lean angle

trace.

(14) TIME TO MAXIMUM LEAN ANGLE — The time period measured from when

the rider reacted to when maximum lean angle occurred.

(15) AVERAGE SPEED - The average speed of the motorcycle when the sig-
nal lights were activated.
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TABLE 6.12
NUMERICAL VALUES OF MEASURES FOR DATA SHOWN IN FIGURES 6.11 AND 6.12

Figure
Measure

6.11 6.12
MOST score 3 13
Turn success 1 1
Reactlion time (8) 0.216 0.256
Reverse steer torque slope (Nm/s) 280. 78.0
Reverse steer period (s) 0.296 0.630
Maximum reverse steer angle {(deg) 3.6 2.8
Turn steer perlod (s) 0.656 0.670
Maximum turn steer angle (deg) 10.2 11.2
Time to maximum turn steer angle {(8) 0.746 1.00
Initial roll acceleration (deg/sz) 224, 125,
Time to maximum roll angle (s) 0.630 0.880
Roll accel’n at max. roll angle (deg/sz) 400. 500.
Maximum lean angle (deg) 6.8 14,8
Time t0 maximum lean angle (8) 0.650 0.826
Average gpeed (km/h) 31.6 28.1

Various other measures were considered, for example peak

reverae

steer torque and peak TrT0ll angle, but these could oot be extracted

from many of the data traces because of

ures been used the size of the

reduced.

’

clipping’.

these meas-

sample would have been severely

Note also that there are no measures related

yaw rate,

From the data in Figure 6.10 it can be seen that the yaw rate trace

follows exactly the steer angle trace, In Chapter 3 it was shown that
the gteady state yaw rate to steer angle gain for this motorcycle for
a glven speed was quite insensitive to lateral acceleration. It

gppears from the data of Figure 6.10, and from the data for other rid-



243

ers, that for the time varylng 1nput of steer angle required to
perform the obstacle avoidance manoeuvre under these test conditions,
the yaw rate to steer angle gain remains constant. The measures dev-
ised for steer angle are therefore proportional to equivalent ones for

yaw rate.

0Of the 59 riders tested, data for 16 of the riders could not be
used because steer torque data were not avallable., Of the remaining
43 riders, data for 17 of them had to be rejected because of the way
the manoeuvre was performed. For example, of those riders who suc-
cessfully avolided the ‘obstacle’, several guessed the turn direction
and actually initiated the turn well before the signal lights were
activated. Of those falling, a number made no attempt at manoeuvring
to avoid the obstacle and continued travelling in a straight line.
Others turned in a direction opposite to that indicated by the signal
lights, aborting the attempt once they had realized they were travel-
ling in the wrong direction. For some the initial control inputs were
for a turn direction opposite to that indicated by the signal lights -
it appears they tried to guess the turn direction - but subsequent
control 1Inputs caused the cycle to alter course and move in the sig-
nalled direction, For these riders it was not possible to extract the

measures successfully.

As for the emergency braking analysis, two regressions were com-
puted to determine the relationship between a measure of skill and
those of the parameters described earlier which characterize some
aspect of operator technlque, The measures of skill adopted were
overall MOST score, which reflects the riders’ performance in a wvar-
lety of tasks of which obstacle avoidance was only one, and turn

auccess which was chosen to represent the riders” obstacle avoldance
skill.
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(b) Regression for MOST score

Table 6,13 shows the neasures associated with the dependent vari-

able, Y,

and the independent wvariables, X(i), i=1,2,...,13, for this

regresslon, together with the means and standard deviations of the

variables.

Note that the sample size was reduced to 21 because the

peak lean angle for 5 of the riders was greater than 20 degrees which

was beyond the sensing range of the lean transducer. A regression was

performed with the variables omitted for which there were missing data

and the same variables were found to be significant.

TABLE 6.13

VARIABLES FOR MOST OBSTACLE AVOIDANCE REGRESSION

Measure Standard
Variable (units) Mean deviation
¥ MOST score 10.3 7.84
X(1) Reaction time (8) 0.288 0.0673
X(2) Steer torque grad, (Nm/s) 228. 145,
(3 Reverse steer period (s) 0.358 0.0865
X(4) Max, reverse steer angle (deg) 3.78 1.98
b AG)) Turn steer period (s) 0.740 0.124
X(6) Max. turn steer angle (deg) 10.0 3.12
X(7) Time to max. turn steer angle (s) 0.802 0.156
X(8) Initial roll accel’n (deg/s?) 243. 107.
X{9) Time to max. roll angle (8) 0.706 0.115
X(10) Roll accel’n at max. roll angle (deg/sz) 432, 210.
X(11) Max. lean angle (deg) 12.1 4,62
X(12) Time to max. lean angle (deg) 0.732 0.169
X{(13) Average speed (km/h) 33.5 2.63

Note: Sample size = 21
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The mean for X(13) shows that riders maintained the required test
speed of 32 km/h quite well, The mean initial roll acceleration is
seen to be approximately half that achieved at maximum toll angle.
Peak roll angle occurs, on average, before maximum lean angle which
occurs before peak steer angle. For the average test speed of
33.5 km/h, about 23% of the total manoceuvre length was required by the
riders before the turn was initiated and, a further 292 before the

cycle actually began to turn iIn the desired direction.

The correlation coefficlents between variables are shown 1in Table
6.14. Variables which are highly correlated with MOST score are Reac-—
tion Time (0.530) and Maximum Turn Steer Angle (-0.515). These
coefficients suggest that riders who (according to their test score)
are skilled, react quicker and apply a larger maximum turn steer angle

during the turn phase than those who are less skilled.

For the independent variables, Maximum Reverse Steer Angle 1s
highly correlated with Initial Roll Acceleration (0.886). Time To
Maximum Turn Steer Angle is highly correlated with Time Teo Maximum
Roll Angle (0.921) and Time To Maximum Lean Angle (0.756), and Time To
Maximum Roll Angle is highly correlated with Time To Maximum Lean
Angle (0,813). This indicates that these three events, maximum roll
angle, maxlmum turn steer angle and maximum lean angle occur at
approximately the same point in time for all of the riders. A large
number of the independent variables are moderately correlated with

each other.

As for the emergency braking regression, interaction terms, which
were considered wup to third order, were found to be not significant
when the constituent elements were controlled for. Tables 6.15 and
6.16 summarize the regression results. As before, the order of inclu-
sion has been preserved in the tables and the first variable for which
the regresaion coefficient was not significant has also been included.
Note that inclusion of this variable in the equation causes only a
small change 1in the explained variance and the regression coefficient

egtimates for the significant variables,.
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CORRELATION COEFFICIENTS BETWEEN VARIABLES IN TABLE 6.13

Y X(1)  X(2) X(3) X&) X(5) X(6) X(7) X(8)
(1) -0.530
X(2) =0.051 0.454
X(3) 0.278 -0.206 =-0.520
X(4) -0.053 0,329 0.611 -0.080
X(5) -0.034 -0.077 -0.136 -0.019 -0.297
X(6) =0.515 -0.235 0.216 0,113 0,471 -0.278
X(7) -0.196 -0.242 -0.137 0.364 -0,167 0.577 0.330
X(8) -0.169 0.238 0.651 -0.345 0.886 -0.412 0.413 -0.416
X(9) =0.056 -0.330 -0.345 0,536 -0.220 0.590 0.247 0.921 -0.456
X(10) -0.227 -0.304 0.024 0.141 0.451 -0.562 0.583 -0.296 0,577
X(il) -0.024 -0,151 0.231 0.101 0.387 -0.001 0.354 0.068 0,453
X(12) -~0.003 -0.306 -0.506 0.372 -0.58! 0.570 -0.006 0.756 -0.696
X(13) 0.013 -0.055 -0.014 -0.260 -0.166 0.063 -0.030 -0.324 0.066
X(9) X(10) X(11) X(12)
X(10) -~0.172
X(11) 0.218 0.538
X(12) 0.813 -0.283 -0.048
X(13) -0.200 0.312 0.207 0.062
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TABLE 6.15

REGRESSION RESULTS FOR MOST SCORE

Estimate of Simple Overall

Variable R R2 population £3R2 significance

R2 r of regression
Reaction time 0.530 0.280 0.243 0.280 0.530 5%
Max. turn steer angle 0.665 0.442 0.380 0.162 -0.515 1%
Reverse steer perlod 0.788 0.622 0.555 0.181 0.278 | 4
Max., lean angle 0.809 0,654 0.567 0.031 -0.024 12
TABLE 6.16
REGRESSION CQEFFICIENTS FOR MOST SCORE

Regression Coefficlent Significance
Variable coefficient standard of coefficient
deviation estimate

Reaction time 6l.4 18.0 1%
Max. turn steer angle ~1.28 0.403 1z
Reverse steer period 38.5 13.7 5%
Max. lean angle 0.327 0.268 n.8.
CONSTANT -12.33 - -

Note: Standard error of regression = 5.16
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® Interpretation of regression for MOST score

The regression provides informatlion on which of the measures for
the obstacle avoldance task differentlate between the skilled and
less—skilled riders. The first variable to be entered into the equa-
tion is Reaction Time, which explains 28.0% of the varlance in MOST
score. The sign of the regression coefficient indicates that a short
obstacle avoidance reaction time 1is assocliated with a generally
skilled performance on the MOST. The regression computed for the
emergency braking task showed that an ldentical relationship exists
between braking reaction time and MOST score. The discussion in Sec-

tion 6.2.4 pertaining to reaction time applies equally here.

Maximum Turn Steer Angle was the second variable to eanter the
equation, Its regression coefficlent indicates that a large maximum
turn steer angle leads to a reduced score, i.e., a skilled perfor-
mance, and vice versa. For the period during which the maximum turn
steer angle occurs, the cycle is travelling in the desired direction.
In order to come out of the turn it is necessary for the rider to turn
the steering assembly further into the turn. The larger the maximum
turn steer angle the faster will be the motlon of the motorcycle
towards the upright position. The correlation between maximum turn
steer angle and roll acceleration at maximum roll angle (0.583) indi-
cates this to be the case. By achieving a larger maximum turn steer
angle the skilled riders can reduce the roll angle of the cycle quick-
er than the leas—skilled riders.

The third variable to enter in the equation was reverse sateer
period, which explains 18,1% of the wvariance in MOST score. The
regression coefficlent indicates that a short reverse steer period is
assoclated with a skilled performance in the MOST. It appears that
skilled riders are able to achleve the desired vehicle response during
the crircical initial phase of the manceuvre in a shorter time than the
lees-skilled riders. One advantage of this behaviour 18 that less
time 1s spent, &and hence leas distance 18 covered, going in the

‘wrong’ direction,
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Maximum Lean Angle, which was not significant, was the final var-
iable to be entered inte the equation. The estimate for the
regression coefficient is positive and suggests that riders who wmain~
taln a small lean angle, i1.e. keep theilr upper-torso in the plane of

symmetry of the motorcycle, are skilled.
(c) Regression for turn success

The independent variables, ¥X(i), and their mean and standard
deviations shown in Table 6.12 apply also for the regression for Turn
Success. For the dependent variable, Y, a mean value of 0.667 was
determined, indicating that two-thirds of the sample of 21 riders suc-
cessfully manoeuvred around the obstacle. Table 6.17 shows the
correlation coefficients between turn success and the independent vaf-
iables; the correlatlon coeoefficlents Dbetween the  independent

variables are identical to those listed in Table 6.14,

Turn Success has the highest correlation with Reaction Tinme
(-0.511). The discussion in the previous section relating to corre—
lated independent variables applies equally here, The results for

this regression are summarized in Tables 6.18 and 6.19.

The first variable to enter in the equation 1s Reaction Tine,
which explains 26.1% of the variance in Turn Success. The estimate
for the regresslon coefficient suggests that riders with a short reac-
tion time are more likely to succeed than those with a long reaction

time. Clearly, the shorter the reaction time the longer the manoeuvre

length avallable to the rider.

Maximum Lean Angle, which was not significant, was the second
variable to be entered into the equation. The sign of the regression
coefficient indicates that riders who maintailn their upper-torso in

the plane of symmetry of the motorcycle are wmore likely to succeed
than those who do not.

Repeating the regression with the missing data variables omitted

leads to a2 similar result for the significant variable.
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TABLE 6,17

CORRELATION BETWEEN TURN SUCCESS
AND THE INDEPENDENT VARIABLES

Independent Turn
variable success
Reaction time -0.511
Steer torque gradient -0,285
Reverse steer period -0.137
Max, reverse steer angle -0.300
Turn steer period 0.048
Max, turn steer angle 0.256
Time to max, turn steer angle 0.200
Initial roll accel’n -0.213
Time to max. roll angle 0.057
Roll accel’n at max. roll angle 0.077
Max, lean angle -0.242
Time to max. lean angle 0.138
Average speed -0,102
TABLE 6.18

REGRESSION RESULTS FOR TURN SUCCESS

Estimate of Simple Overall
Variable R rZ population aRr? significance
R2 r of regression
Reaction time 0.511 0,261 0.222 0.261 ~0,511 5%

Max. lean angle 0.604 0.365 0.294 0.104 ~0,242 52
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TABLE 6.19

REGRESSION COEFFICIENTS FOR TURN SUCCESS

Regression Coefficient Significance
Variable coefficient standard of coefficient
deviation estimate
Reaction time -4.02 1,36 1%
Max. lean angle -0.0341 0.0199 n.s,
CONSTANT 2.24 - -

——

Note: Standard error of regression = 0.406

With the exception of Reaction Time, it appears that none of the
other measures are strongly related to turn success., Indeed, upon
close examination of the data traces there appear to be no apparent
differences 1in control actions between those who falled and those who
succeeded which can be assoclated with the wunsuccessful attempts.
Evidence to support this statement will be preseated shortly., These
results and observations are not inconsistent with those of Rice and
Kunkel (1976). A part of thelr work was devoted to detecting differ-
ences in riding technique in a lane change task of three riders with
different riding experlence. Approach speed for the test, which was
nominally 60 km/h, was varied at the discretion of the rider. The
turn was always to the left and the course was delineated by cones.
Striking a cone(s) constituted an unsuccessful run. According to Rice
and Kunkel (1976):

"Failures to perform the manoeuvre are not directly identifi-
able from the data traces. That is, unsuccessful runs are not
marked by readlly discernible variations in control input pat-
terns, In general, Incorrect timing of the chosen action is

seen as the principal cause of failure in this manoeuvre..."
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This conclusion 1s not surprising when ones examines the differ-
ence In the path of travel of the cycle between a successful and
unsuccessful run. For the present study, a failure 1s when the cycle
either crosses the obstacle line or the line representing the adjacent
traffic lane, and for Rice and Kunkel’s tesgt a fallure occurred when a
cone was struck. In both cases the difference in the lateral dis-

placement of the cycle need only be a few centimetresl]

6.3.4 Ensemble Averaging

In the previous section an unsuccessful attempt was made to find
guantitative measures of rider control performance which would dif-
ferentiate between a skilled and & less-skilled obstacle avoldance
performance. A further attempt was made to ascertain how the sequenc—
ing and form of the control and response parameters differed for
riders in different ‘skill’ groups. This required that the rums be
examined in their entirety. Ensemble averaging of the data of riders
arranged into “skill’ groups was & measure usged to examine the average

rider control input and cycle output response.

In addition to the ensemble means, 90% confidence intervals for
the mean were calculated for each data channel to give an idea of
intra-group variability. It was expected that less variability
(tighter confidence intervals) would be observed for the more skilled
riders, consistent with the manoeuvrea belng executed in a more

learned, uniform manner,

(a) Exercises 2 and 3 of the MOST

Exerclises 2 and 3 of the MOST were the first tasks to be examined
using this method. The analysis produced some interesting results and
illustrates some Important general motorcycle handling skills which
ate worthy of discussion., For the comparison, overall MOST score was
adopted as the measure of skill. Several &score groups were esta-
blished and the data of the riders in these groups were averaged. A
typical data trace for steer torgque, steer angle and roll angle of the

motorcycle for a skilled rider performing exerclises 2 and 3 of the
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MOST is shown in Flgure 6.13. Figure b6.14 shows the path which the
rider had to follow, The times at which points A and F on the path
was reached are indicated in Figure 6,13, The rider was required to
start from rest at A, negotlate the sharp right hand turn from B to C
and then accelerate in the larger radius turn D-E, reaching approxi-
mately 32 km/h at point F, The speed trace for this particular rider
(not shown) revealed a uniformly increasing speed, reaching 40 km/h at
F. Other traces recorded but not shown In this example are roll rate,
yaw rate, rider lean relative to the motorcycle, rear brake force and

front brake force,

If the rider 18 to achieve the positive roll angle (to the right)
necessary for tracking the right turn, the initial steering displace-
ment wmust be negative {anti-clockwise). This initial steering
displacement, seen on the trace to be opposite that of the intended
turn direction, causes the front wheel to track to the left and the
motorcycle to roll to the right. As the equilibrium roll angle for
the turn is approached the rider must provide a positive steer dis-
placement, into the turn, to match the equilibrium turn conditioms.
This process can be seen on the traces between 0.0 and 2.5 seconds.
The test motorcycle has a handling characteristic at this speed such
that, 1f the cycle has a positive roll angle, the s&teering assembly
tends to fall 1iato the turn, causing the cycle to reduce 1ts roll
angle and return to the vertical position. Thus, if the rider 1is to
maintain a constant roll angle through the sharp right-hand turn, a
constant negative steer torque must be applied. 1In Figure b6.13, the
positive steer angle, roll angle and negative steer torque for the
right-hand turn can be seen occurring during the time interval 1.0 to
3.0 seconds. In order to return the cycle to the upright position to
negotiate the firat straight section on the course (C to D), the rider
simply reduces the applied steer torque allowing the front wheel to
track further to the right and the cycle as a result approach the
vertical position. The rider’s next task is to accelerate to 32 km/h
whilst following the long right~hand curve. As the motorcycle’s speed
is 1ncreased in the curve two changes occur: Firstly the inertia
forces acting laterally on the motorcycle increase; secondly the han-

dling characteristics of the motorcycle change.
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Figure 6.14 Schematic of course for exercises 2, 3, 4 and 5 showing

the position of points A to F on the path centreline.
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The rider must compensate for the changing equilibrium conditions
and motorcycle characteristics by providing control inputs to increase
the roll angle. From Figure 6,13 it can be seen that as the rider
accelerates in the turn (beyond the 4.0 second time point) both steer
torque and steer angle control inputs are decreasing. This 18 consis-
tent with the data of Figure 3.7 in Section 3,3.3 (a) which shows that
the steer torque requirement per degree of roll angle decreases as
sapeed and lateral acceleration increase for this speed range. HNote
that the data of Filgure 3.7 correspond to steady state conditions and

only approximate the time varylng behaviour of the variables in Figure
6.13.

As the rider approachea the straight section EF the c¢ycle must
return to the upright position, This is accomplished by this particu-
lar rider very rapidly by applying a large reverse steer torque at the
5.5 8 mark. This produces an Iincrease in steering displacement caus-
ing the front wheel to track quickly to the right. A very rapid
reduction In roll angle results, closely followed by a reduction in
steer displacement, as required for the final straight section of the
course. It will be seen subsequently that the reverse steer torque
control input used by this rider to come out of the turn at E is not

typlcal of all riders,

The data traces were first averaged over time. However, by aver-
aging in this manner much information is lost since riders perform the
manoeuvres at differing speeds and are on different parts of the
course at different points in time. Therefore in this particular case

averaging over time yields little information regarding averaged per-

formance of the group.

A more realistic representation was obtained by transforming the
data from being a function of time to being a function of position on
the course (distance). This means that comparisons would be made

between riders when at the same polnt on the course,
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For exercises 2 and 3, and 4 and 5, times were recorded for per-
forming the manoeuvre (a normal part of the MOST). For exercises 2
and 3 the time taken to travel from point A to F (see Figure 6.l4) was
recorded, and for exercises 4 and 5 the time to travel from F to C.
This manoeuvre time was used in a transformation program to establiah
the beginning and ending point for the manoceuvre. To transform the
data the speed trace occurring between these two polnts was 1ntegrat-
ed, divided into equi~distant intervals, and the data for each channel
corresponding to each distance point determined. For exercises 2 and
3 a data point was determlined for approximately every 5 cm on the
manoeuvre path. Using the exercise time to demarcate the beginning
and end of the manoeuvre meant that deviations due to some riders cov-
ering more distance between A~F were reduced. The run shown in Figure
6.13 for exercises 2 and 3 is shown transformed in Figure 6.15, points
A to F being indicated on the distance axis. The transformed run

ives a ‘better picture’ of what 1s occurring on the course.
B P

A comparison of the results for the best (0 te 3 penalty poiunts
assigned) and worst (greater than 20 penalty points assigned) scoring
groups 1s shown in Figures 6.16 (a) through 6.16 (g). Each group is
composed of the data of 9 subjects. Several points of Interest are

noteworthy from the data in the figures:
Steer Torque Plots (Figure 6.16(a)) -

e The 90% confidence band for the >20 group is wider, Indicating more
inter-rider variability, 1in particular for the B to D interval;
i.e. 1n the sharp right-hand turn, The 0 to 3 group therefore

exhibit a more precisely co-ordinated and consistent performance,

e There 1s a marked difference in the steer torque control input
between groups around point E on the course. Group 0 to 3 show a
definite reverse steer torque application. The >20 group tend to
reduce the applied steer torque gradually, What this means is that
the 0 to 3 group apply the appropriate steering i1inputs for the
desired manceuvre that will make the motorcycle respond most quick-

ly, The >20 group, by reducing the applied steer torque allow this
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particular motorcycle to do what it would naturally tend to do:
i.e, turn the steering assembly further into the turn and hence
reduce the motorcycle’s roll angle. The better group are therefore
aware, at some level, of how to make the motorcycle respond more

quickly by applying a reverse steer input.

Steer Angle Plots (Figure 6.16(b)) -

e Smoother transition between C-D for the 0 to 3 group.

e More rapid steering input at point E for 0 to 3 group due to large

reverse steer torque input.

Roll Rate Plots (Flgure 6.16(c)) -

e Amplitudes much larger and overall performance smoother for 0 to 3

group.

e Peak at E twice as large for 0 to 3 group.

o Roll rate sign positive over longer distance between D-E for 0 to 3

group.

Yaw Rate Plots (Figure 6.16{d)) -

e Generally higher yaw rate values for 0 to 3 group.

Measured Rider Lean Plots (Figure 6.16(e)) -

® Lean angles for the 0 to 3 group are larger over the distance
between B and D. Behaviour is different near point E. Note that
there may be some error in the measured lean trace (see Appendix
J).

Roll Angle (Figure 6.16(f)) =

e Much larger for 0 to 3 group.
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Speed (Figure 6.16(g)) -

¢ Higher for the 0 to 3 group.

Making similar comparisons for the other groups does not reveal a
conslatent trend between the behaviouras of the least— and most-skilled
groups. Rather, the largest difference seems to be between the
poorest group (>20) and the rest, Generally it can be said that the
more skilled riders generated larger motion quantities, and mnore
rapldly. In part, they achleved this through the application of

definite ‘reverse steer’ inputs at the appropriate times.

(b) Obstacle avoidance exercise

The data for the sample of 21 riders used in the regresgsion ana-
lysis of Section 6.3.3 (a) were used for comparing the averaged
behaviour of riders for this task. Data for other riders were not
used for reasons ldentical to those given in that section, The same
two measures of skill described earlier, namely overall MOST score and
Turn Success, were used and the sample was divided into two groups for
each measure, The averaged control and response parameters of the two

groups for each measure were then compared,

For the first comparisgon riders were divided by MOST score into
the following two groupa; those assigned 10 penalty points or less
formed the first group (the assumed wmore-skilled group) and the
remaining riders formed the second group. A score of 10 was chosen
because 1t is the mean score for the sample., As the runs for the sam-
ple of riders are composed of both left and right turn data, it was
necessary to invert elther the right or left turn data te increase the
sample s8ize of each group. The right turn data traces were Inverted
to have the same form as the left turn data. It 1s assumed that there
is 1little difference between riders performing a left- and right-hand
obstacle turn, Recall from Chapter 4 that it was shown, for the
present sample of riders, that the difference between the success

rates for the two turn directions was statistlcally not significant.
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For similar reasons to those given Iin the previous section the
data were transformed to being a functlion of distance. The data were
transformed from the data point corresponding to where, on the course,
the signal lights were activated, to where the motorcycle had moved a
distance of 18 m (60 ft) along the path of travel. This 18 the sec~-
tion of the course over which the manceuvre is performed (see Appendix
D). Note that the path of travel for any two riders is not the same
and hence the position of the cycle after 18 m of travel will be dif-
ferent, However, because the maxfimum lateral displacement of the
cycle 18 small (3 m) compared to its longitudinal displacement (18 m),
the difference In final position of the cycle for different travel
paths will, in general, be minimal.

Figures 6.17 and 6.18 show the ensemble averages and 90X confi-
dence intervals for the mean of the various data traces of the two
score groups. Note that the ensemble data for the roll and yaw rate
traces are Inaccurate arcund the maxima because, as mentioned earlier,
for some of the runs the motion quantities were beyond the sensing
range of the transducers. The ensemble data for roll angle is there-

fore not shown because it is derived from the roll rate data,

The confidence Intervals for the two groups indicate that there
is as much varlation between the control and response parameters of
the riders In the skilled group as for those 1in the less-skilled
group, It is of interest to compare how the variation in the control
and response varfables for a group of riders differs from the wvaria-
tion in these parameters for successive runs of a single rider,
i.e. is there as much variation between different riders as there 18
between the runs of a single rider? Figure 6.19 shows the ensemble
average and 90X confidence {nterval of the various data traces for 5
left~hand obstacle turns, for a single rider, performed as part of the
AST. The rider was classified as skilled by MOST and AST scores. The
traces 1in Figure 6.19 show that there 1s very little difference
between the magnitude and timing of the control and response parame-
ters for the successive runs of the rider. By contrast, averaged data
for a less—skilled rider, not shown, Indicates that there is as much

variation 1In these parameters between runs as there is in the runs of
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riders of the two groups shown Iln Figures 6.17 and 6.18. The fact
that the variation in the control and response parameters of the most
skilled group is no different to that of the less-skilled group is not
inconsistent with the above observation. When one considers the
sources of varlation between riders, such as reaction time, tolevance
on manoeuvre path (the path width between the obstacle line and adja-
cent boundary line is about 1.8 m), and the likelihood of riders using
different skilled strategies to achleve the same end, it is not
unlikely that the manceuvring paths of a group of skilled riders, the
riders of which each have gmall Inter-run variability, will differ.

Figure 6.20 shows a comparison of the ensemble means for the two
score groups, Shown also in the figures i3 the approximate position
of the obstacle line. The traces show that the skilled riders reacted
slightly quicker than the legs-skilled ones. The general form of the
traces i3 identical and there are only small differences in the ampli-
tude of the control and response quantities. The significance of
these differences was discussed in the regression section, Section
6.3.3 (b). The position of the zero crossings for all of the varli-
ables reveals that the skilled riders performed the manoeuvre 1Iin a

shorter distance than the less-~skilled ones.

The sequencing of the contral inputs, namely steer torque and
angle and rider lean, are next examined by way of Figures 6.21(a) and
(b) which show the ensemble means of these variables superposed. One
of the 1interesting features of the data is the phasing between the
three variables, Rider lean and steer torque are almost exactly out
of phase for both the skilled and less—skilled riders. Leaning rela-
tive to the motorcycle, to the right say, 18 accompanlied by an
anticlockwise steering torque, and vice versa. Similarly, rider lean
and steer angle are also out—of-phase but rider lean is seen to lead
steer angle. This behaviour is examined in more detail Iin Section
6.3.5 where it is shown that the coupling between rider lean and steer

torque is stronger for the less-skilled riders.
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shown in figures 6,17 and 6.18.

Figure 6.20 Comparison of the ensemble means of the two score groups
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Figure 6.21 (a) Comparison of steer torque
and angle, and rider lean averages for the

riders who were assigned 10 or less penalty

points.

Figure 6.21 (b) Comparison for the riders

assigned more than 10 penalty points.
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The second comparison was between the ensemble averages of those
riders who succeeded and those who falled to avoid the obstacle,
Figures 6.22 and 6.23 show the data traces for these two groups and
Figure 6.24 a comparison of the ensemble means. Once again there is
no apparent difference between the width of the confidence intervals
for all of the data traces with the exception of rider lean. TFor the
unsuccessful group the mean rider lean input is larger and there 1s
more variatlon in the leaning behaviour between riders. The similari-
ty Iin the sequencing and form of the control inputs, apart from the
rider lean difference, for the two groups 1s remarkable. 1In fact the
only difference between success and fallure seems to be that those
riders who failed took longer to react. Note that this is consistent

with the regression result of Section 6.3.3 (c).

6.3.5 Data Traces and Two-Variable Plots

{(a) Rider data traces

The ateer torque and rider lean traces were first examined to see
how rilders differ in their utilization of these two control means to
initiace the obstacle turn. A large number of the riders attempting
the manoeuvre commenced the turn with a steering torque input which
was applied independently of body lean. The data Iin Figure 6.25 1is
presented as an example of this behaviour. A smaller number of riders
leaned thelr upper body Into the turn and simultaneously applied a
steer torque input. This behaviour is exemplified in the data of Fig-
ure 6.26. The data in this figure show that leaning to the right 1is
accompanied by an anti-clockwise application of steer torque. There
was not a single case where the turn was initiated by lean alone. The
data shown 1In Figure 6.25 are for a rider who, on the basis of his
MOST score, was classified as skilled. His attempt at manoceuvring to
avold the obstacle was successful. The data in Figure 6.26 is for a
less-skilled rider whose attempt was unsuccessful. The traces
presented iIn Figure 6.25 are typical of those for the skilled riders
tested. For the less-skilled riders the data 1In the two flgures

represent extremes of behaviour.
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Figure 6.26 Obstacle avoidance data traces for a less—-skilled

rider.
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Similar observations were made by Rice and FKunkel (1976) and

their comments are pertinent to thls discussion:

"One of the Iinteresting features of these [novice rider] rums,
however, 1s the phasing between applied steer torque and rider
lean angle -~ each torque application 1is accompanied by an
opposing lean motion, This phasing apparently brings the
ateering deflection more closely In phase with &ateer torque
than 1s 1indicated in the data traces of the more experienced

riders.”

Following the initial control inputs, for the two examples shown,
steer angle and rider lean remain closely coupled, and opposite in
sign for the duration of the manoeuvre. Steer torque takes a slightly
different course. The steer torque transducer was mounted between the
handlebar and steering assembly and thereby measured the resultant of
the torques applied by the rider and those due to the inertia forces
and external forces acting on the steering assembly. These forces

change as the roll angle of the motorcycle changes.

To demcnstrate the assertion that a stronger coupling between the
leaning and steering 1nputs 1s assoclated with less—-skilled riders,
two measures of coupling between leaning and steering inputs were dev=-
ised and their relationship to MOST score was examined. The first
measure was a correlation coefficient between the digitized rider lean
and steer angle data pairs, the second a correlation coefficient
between rider lean and steer torque. The data for the sample of 21
riders were avallable for the first measure, whereas the data for only
14 riders were avallable for the second measure because of clipping of
the steer torque signal, Correlation coefficients between the first
and second measures and MOST score were calculated as, rtespectively,
-0.056 and -0.537. The second measure, i.e. lean-torque coupling, is
seen to be more strongly related to MOST score, Ita sign Indicates
that a large negative correlation coefficient, that is strong cou-
pling, is associated with a less-skilled performance, and a value
close to =zero (as the range for the lean-torque coupling correlation

coefficient for subjects varies from 0.029 to -~0.665) 1s assoclated
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with a skilled performance on the MOST. Multiple regressions were
computed to check the relationship between overall MOST score and the
measures listed 1In Table 6.13 with each of the two measures included
separately. The results indicate that lean-torque coupling 1s a sig-
nificant variable (the overall regression and the estimate for the
regression coefficlent being significant at the 5% level of signifi-
cance) and the direction of the relationship with MOST score is as
indicated above. Two other variables were also in the equation,
however the estimates for thelr regression coefficlents were not sig-
nificant. Note that lean-torque coupling and reaction time, which are
both moderately correlated with MOST score, are also moderately corre-
lated with each other (-~0.515) and, once either of these two variables
1s entered into the equation the other will not appear 1in the equation
because 1t only explalns an 1Insignificant proportion of the wunex-
plained variance (see Section 6.2.4 on the problem of
multicollinearity). Rider lean and steer angle coupling, on the other
hand, was found to not be a significant variable when it wasg used as a
predictor of MOST score together with the other varilables. It 1is
interesting to note that the coupling between rider lean and steer
angle was quite high for all of the subjects with correlation coeffi-
cients in the range -0.343 to -0.911 and a mean value of -0.767.

This result indlcates that a coupling exists between the
less-skilled riders’ 1leaning motlon and steer torque inputs as sug-
gested earlier, A mechanism 1s proposed in Section 6.3.8 which

provides an explanation for this behaviour.

(b) Cross—plots

The data for all of the riders (MOST and AST) were next plotted
in two-variable format and examined, A cross-plot of control parame—
ters, such as steer torque and rider lean, provides information on the
phasing between the control variablegs. Plots of control and response
parameters give information on the phasing of inputs with respect to
vehicle motion, Both are a means of comparing rider behaviour in a

specific task (Rice, 1978).



The data shown in Figureg 6.25 and 6.26 are examples which, it is
believed, contaln the important features of the obstacle turn data
observed in most of the subject rums. Cross-plots of the control and
response variable from theae two examples are glven 1in Figures
6.27(a), (b) and (c), and 6.28(a), (b) and (c). The time parameter is
indicated in each plot by the arrows and numbers. Note that these
numbers indicate the direction of Increasing time and are only used as
pointe of reference for the gubsequent discussion; they are not equal
intervals of time. Attentlion 1s drawn to the following features of

these plots:

® Rider lean versus steer torque (Figures 6.27(a) and 6.28(a))

The two methods of initiating the turn discussed earlier are clear-
ly wvisible 1n the cross-plots (points 0,1l and 2). Except for
differences 1n the control variable magnitudes, the remaining por-
tion of the two plots are similar. Note that for the more
difficult obstacle turns, e.g. level 2 of the AST, steer torque was

found to be, in general, larger In magnitude.

e Rider lean versus steer angle (Figures 6.27(b) and 6.28(b))

Steer angle 1s seen to be proportional to rider lean for the entire
manoeuvre. Leaning to the right is accompanied by an
anti-clockwlise steer displacement, and vice versa. The two vari-
ables were found to be 180 degrees out of phase with some variation
in this phase angle between riders. Further, the ratio between
rider lean and steer angle was not the same for all riders and

hence the slope of this line on the cross—plot varied,

e Rider lean versus roll angle (Figures 6.27(c¢c) and 6.28(c))

These plots indicate that the riders tried to maintain their wupper
body close to the vertical regardless of the roll angle of the
motorcycle, This behaviour was observed in the data traces of all
of the riders and 1s consistent with the observations of Rice
(1978). Note that, as for the ratio between rider lean and steer

angle, the ratio of these two varlables alsc varied between riders,
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Cross—-plots of the various control and response
parameters of the data for the less~skilled rider

of figure 6.26.
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As rider lean and steer angle, and rider lean and roll angle were
found to be 180 degrees out of phase and similar in form for all of
the riders, plots of steer torque against roll angle or steer angle

did not reveal any other significant differences.

It appears that the crossplots are useful in the sense that they
provide a ‘better plcture’ of the phasing between variables and show
more clearly differences in the control strategies of riders for ini-

tiating a turn than do the time histories.

6.3.6 Proposed Rider-Lean Steering Mechanism

The data presented in the previous sectlion have indicated that a
coupling exists between the rider’s upper body lean and steer torque
inputs. This coupling is stronger for less-skilled riders than for
the skilled ones. This observation, together with reports from the
subject riders about how they controlled thelr machine have led to the
proposed steering mechanism described in this sectlon. A detalled

analysis of the proposed mechanism has been carried out in Chapter 7.

{a) The mechanism

It has generally been accepted that the two primary control means
available to the rider are the application of torques to the steering
assembly through the handlebars, and to the main frame by leaning the
upper body relative to the wmotorcycle. It is proposed here that,
because of the physical linkage provided by the rider’s stiffly~held
arme, 1t is possible for the rider to apply appropriate steer torques

while actively controlling upper-body lean only.

According to the proposed mechanism, if the rider wants to turn
lefc¢, say, the rider simply has to lean in that direction. The
rider’s stiffly-held arms will then pull on the right handlebar and
push on the left, causing a clockwise (reverse steer) torque to be
applied to the steering assembly. The consequent clockwise steering
rotation causes the front wheel to track to the right and the main

frame to roll to the left, as required. As the equilibrium roll angle
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for the turn is approached, the rider simply leaans right or left rela-
tive to the plane of symmetry of the motorcycle to generate
appropriate steering Inputs to maintaln the desired roll angle and
rate of turn., To come out of the turn, the rider leans to the right
of the equilibrium lean position, his arms thereby applying the neces-
sary anticlockwise steering torque to make the cycle roll right,

towards the upright poaition.

The process just described seems consistent with the perceptions
of many riders: Of fourteen riders asked by questionnalre (see Ques~-
tionnaire Appendix B, Part B, Questlion 2.,a.) to describe the sequence
of body movements and/or steering actions they made in order to per-
form a left—hand lane change manoceuvre, twelve said that they '"leaned
their body left". Of the other two, one rider was obviously aware of
the reverse steer mechanism; the other simply responded: '"turn

handlebars left".

In the ‘real-world’, however, the rider’s arme would not be rigid
at all times and the rider would be capable of independent lean and

steering actlons,

The latter form of control, consisting of uncoupled rider leaning
and steering torque inputs is the only form of rider control suggested
by other researchers in glmulation and experimental studies (Van Lun-
teren and Stassen 1970; Welr, 1972; Rice and Kunkel 1976; Rice
1978; Welr et al., 1978) and is indicative of the state of the art,
For example, in the Weir et al, (1978) simulation, the rider model
has steer torque and upper torso lean as lnputa to the cycle equa-
tions. In addition, reactive steer torque moments on the cycle,
transmitted through the rider’s arms, are represented. Roll stabili-
zation 18 maintalned by s8teer torque, whereas path following is
controlled by leaning inputs. The rider model employed by Rice and
Kunkel (1976) has pasgive lean control (i.,e. the rider moves with the

motarcycle) and hence control is by input steer torque alone.
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The experimental results of Rice (1978) show signs of the
lean-torque coupling mechanism. His data are shown in Figure 6.29(a),
{b) and (c) with the various rider control inputs superposed for clar-
ity. Take firstly the superposed rider lean, steer torque and rider
lean, steer angle traces for rider C, a novice. It can be seen that
indicated rider lean leads both steer torque and steer angle at the
maximum positive lean angle, and leaning right (positive) causes an
anti-clockwise steer torque (negative). As in the present experi-
ments, the rider lean recorded may be slightly in error (see Appendix
I). However, the rider’s first control movement is related to the
upper torso and the sense ls consistent with the postulated steering

mechanism.

Rider A (Figure 6.29(b)) exhibits a much smoother, well defined
lean-torque coupling. The lean trace again seems to lead the steer
torque trace. The amplitude of the measured lean is much 1less than
for rider C.

The skilled rider, Rider B, applies an {nitial steering input
completely Independent of lean activity, which is consistent with the
regults of the previous section and is, according to the hypothesis to

be presented, characteristic of a skilled performance.

{b) Hypothesized stages of learning to control the lateral

moticn of a motorcycle

The mechanism just described was based on a physical coupling
(via the arms) between rider lean activity and steering torque and
displacement inputs. A hypothesis is mnext presented for the stages of
learning to control the lateral motion of a motorcycle, emphasizing

the lean-torque coupling mechanism. The stages are as follows:

e Novice - A large part of rider control is present in lean-torque
form, but still very crude and characterized by large and frequent

leaning-steering corrections.
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o Intermediate ~ Lean—-torque coupling 1is very well defined and per-
formance 1s characterized by smooth moderate leaning with little,

if any, lean corrections.

e Skilled ~ Steering lnputs are executed in a learned manner and
there 1s very little relationship between leaning and steer torque

during the early phases of transient manoceuvres.

These characterizations of three levels of skill are illustrated
and can be recognized in the data traces shown in Figures 6.29(a), (b)
and (¢) and in the data traces shown in Section 6.3.5 for the present

study.

6.3.7 Summary and Conclusion from the Analysis of the
Obstacle Avoidance Data

Following is a summary of the findings from the analysis of the
data collected on the instrumented motorcycle for the obstacle avoi-

dance exercise:

{1) A multiple linear regression was performed with overall MOST
score {taken as a measure of rider skill) as the dependent vari-
able, and varlous measures extracted from the obstacle avoidance
data as 1Independent variables. Of the measures used, the most
important were found to be: Reaction Time, Maximum Turn Steer
Angle and Reverse Steer Period. These alone accounted for 62.2%
of the varlance in MOST score. The overall regression was sig-
nificant at the 1% level, The regression coefficlents obtained
from this regression indicate that the skilled riders have a
shorter reaction time (this result is conslstent with the emer-
gency braking task result), achieve a larger maximum turn steer
angle, and apply a reverse steer angle for a shorter period of
time than the less—skilled riders.

(11) A second regression was performed to determine which of the
measures are assoclated with turn success. Reaction Time was

the only significant wvariable and 1its regression cofficient
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indicated that riders with a short reactlon time were more like-
ly to succeed in this task. The obgservation that there were no
discernible differences between the contrel inputs of riders for
successful and unsuccesful runs i{s consistent with that of Rice
and Kunkel (1976).

Ensemble averaging of the data for some of the less critical
(easler) MOST exercises revealed that the more skilled riders
generated larger motion quantities, and more rapidly. 1In part,
they achieved thia through the application of definite ‘reverse
steer’ 1inputs at the appropriate times. There was more
inter-rider wvariability for the 1less skilled riders in this
task.

Ensemble averaging of the obstacle avoidance data for the MOST
and AST showed that there 1s as much variation in the control
and response parameters betweea riders who were classified as
skilled as there is between riders classified as less—skilled,
but less variation between successive runs of a skilled rider

than a less-skilled one.

Examination of indlvidual rider data traces indicates that there
18 coupling between a rider’s leaning motion and steering
inputs, This coupling was 8Bhown Lo be stronger for the
less-skilled ridera than for the skilled ones.

A mechanism which describes how riders utilize upper torso lean-
ing to control the lateral motion of a motorcycle has been
suggested, The mechanism has been used to develop a hypothesis
on the stages of learning to ride: Novice riders appear to
utllize upper body 1lean as their primary control input.
Coupling of lean with steer torque by the proposed mechanism
leads to appropriate, but slow steering inputs. As gkill
develops these inputs are made more smoothly, but at the highest
levels of skill the rider is able to apply lean and steer con-
trol inputs independently of each other. This mechanism is
conslatent with the questionnaire results and the instrumented
motorcycle data. Data traces taken from the work of Rice (1978)
also support the hypothesis,
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CHAPTER 7

ANALYSIS OF THE RIDER-LEAN
STEERING MECHANISM FOR CONTROLLING
THE LATERAL MOTION OF A MOTORCYCLE

7.1 INTRODUCTION

The experlmental evidence of the previous chapter suggested a
strong coupling between the steering and upper-body lean inputs
applied by riders, especially for the 1less skilled ones, In this
chapter the consequences of the postulated steering mechanism have
been investigated by introducing lean-torque coupling, firstly into
Welr’s (1972) single-loop roll angle to rider lean angle model, and
finally into his multiple-loop model with rider lean as the primary

control input.

The analysis is preceded by a sectlon on operator models and
single-loop systems to facilitate understanding of the subsequent ana-

lysis.

7.2 OPERATOR MODEL AND SINGLE-LOOP FEEDBACK SYSTEMS

To investigate the vider/cycle system as a coupled dynamic wunit,
with active rider control, it becomes necessary Lo examine and model
the rider’s behaviour as an operator. The operator’s performance will
depend, to a large extent, on his physiological and psychologlcal

states as well as other variables.

According to McRuer and Weir (1969), the human operator’s charac-

teristics depend on task variables (variables which are related to
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system input and vehicle dynamics), environmental variables, operator
variables (such as tralning, motivation, fatigue ete.), and procedural

variables, which include instructions and theilr order of presentation.

They hypothesize that when these variables are approximately time
stationary, then the system can be considered as a quasi-linear sys-
tem. This is a system in which there 1is some linear correlation
between input and output quantities, despite non-linearitiea and short

term varlations.

The assumed general form of the human—operator/vehicle feedback
system 1s deplcted In Figure 7.1 in block diagram form. The system
operates in the following manner: The vehicle output motion, per-
celved by the operator, 1is compared with the desired, or command
vehicle motion to provide an error signal. The error signal is acted
upon by the operator to produce a vehicle control input which modifies
the vehicle’s subeequent motion. The aim is to null the error. The
operator ’‘noise’ or remmant, which is added to the vehicle input com—
mand, accounts for the human operator’s control output which 1is not
linearly correlated with his input. To study any control system for a

vehlcle analytically, the operator deseribing functiconm, Y needs to

p'

be determined. Y., the vehicle transfer function, has dynamics which

cl
can be described by derived equations of motion.

Operator equalization, or adjustment of YP’ can be described by
the approximate ’crossover model’ (McRuer et al., 1965). This model
is derived from experimental observations and on a general theory of

manual control.

The conclusion is that the operator adjusts his describing func-
tion, Yp, so that the magnitude of the open-loop transfer function,
comprising the operator and effective vehicle dynamics, Ych’ has
approximately a =-20 db/decade slope in the region of the gain cros-

*
sover frequency . The open-loop transfer function has the approximate

——— s e —

* The gain crossover frequency 1s the frequency for which the
amplitude ratio of output/input 18 wunity. On a frequency reponse
(Bode) plot this is the 0 dB point.
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form (McRuer et al., 1965):

Y Y Y = === W Near w (7.1)

open-loop - pc iw 4 c
where:

w, = crossover frequency

T, = an effective time delay which includes neuromuscular
effects as well as any nett high frequency controlled
element lags.

jw = complex variable

The above emphasizes that the operator characteristics are modi-
fied to sult the situation and vehicle. The simplest operator
describing function form, corresponding to the open-loop crossover
model, contains a time delay T, and gain, lead and lag terms which may

be adjusted by the operator:

~JWT (T jw + 1)

Yp: er ET;E;_;-IS (7.2)

7.3 ANALYSIS OF THE POSTULATED STEERING MECHANISM

The comparisons made by Weir between the various single-loop sys—
tems were based on control system performance criterlia, namely, system
crossover frequency, gain margin and phase margin. The galn and phase
margin quantities indicate the degree to which the system is stable.
Positive values of phase margin tends to indicate stability and a
negative value of phase margin generally indicates instability.
Useful design values are 30-60 degrees for phase margin and 4-12 deci-
bels (dB) for the gain margin (Shinners, 1975). The crossover
frequency is chosen within a (preferably broad) range of frequency
where a =-20 dB/decade slope exists for the amplitude ratio of the
open—loop operator/vehicle transfer function. A fair stretch of =20
dB/decade slope 1is desirable so that a nominal change in gain is

accompanied by only a small change in phase and hence system stablili-

tyl
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Table 7.1 shows a summary of the single-loop rider/cycle systems
related to rider-lean control inputs evaluated by Welr (1972). of
these only r -> ¢R, and ¢ ~-> ¢R are designated as “good’ systems.
According to Welr, both of these systems may require, what seem to be,
physically large rider lean angles. For a 1.0 and 1.2 rad/s crossover
frequency, respectively, the gain for the r => ¢R loop is 10 degrees
rider lean per degree/sec yaw rate error, and for the ¢ ~> ¢R system
5.6 degrees rider lean per degree roll angle ervor. Only the second
of these two systems was re-evaluated with the postulated steering
mechanism included. This was done because all of Weir’s multiple~loop
systems have roll angle, ¢, fed back as the basic inner loop which

serves to stabilize the roll instability (capsize mode).

The analysis proceeded by using Weir's linearized equations of
motion to obtain the various open-loop system characteristics. To
examine the stability of the closed-loop systems, the factored numera-—
tor and denominator polynomials of Weir’s Appendix B were utilized.
The motorcycle physical parameters used by Welr, for a B.S.A.
motorcycle, were used here for comparison and verification purposes.
The analysls was conducted for one forward speed of the motorcycle

(70 ft/s) and hence the effect of speed variations was not explored.

7.3.1 Single-Loop Control of Roll Angle by Body lean

In Weir’s analytical representation the rider”s upper body 1s
considered to be a rigid, symmetrical extension of the cycle rear
assembly. The upper body is assumed to produce a gravitational torque
about an upper body roll axis which is horizontal and parallel to the
motorcycle longitudinal plane of symmetry. Associated with upper body

control movement 1s a neuromuscular time delay of about 0.3 seconds.

The postulated lean-torque coupling is incorporated directly into
Weir‘s single loop model for control of roll angle by body lean, as

shown in the block diagram of Figure 7.2,
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SUMMARY OF WEIR’S (1972) SINGLE-LOOP RIDER/CYCLE SYSTEM
POSSIBILITIES WITH RIDER LEAN CONTROL

Comparative loop closure

Comparative Remarks

System* Feedback que Crossover Galn Phase system

frequency Margin Margin quality
(rad/s) (dB) (deg)

r => R Heading rate 1.0 4 75 Good May require large
lean angles. Lag
helps.

¥ -> ¢R Heading angle Poor Requires large lead.

¢ => ¢R Roll angle 1.2 10 50 Good May require large
lean angles.

8 -> ¢R Steer angle 0.6 8 60 Poor Cue may not exceed
sensory threshold.

v => ¢gR Lateral Poor Difficult to sense.

velocity

ay-> ¢R Lateral Poor Degraded by otolith

acceleration lag.

y —> ¢k Lateral Very Requires equalizing

position poor inner loops

* a -> b Denotes that the feedback signal to ‘b’ is ‘a’.
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The model rider responds to the perceived roll angle error, Pos
by leaning relative to the motorcycle by an amount ¢R, passively
applying a steer torque T by the coupling mechanism described in the
previous Chapter. The rider describing function YgR, relating
response ¢R to input ¢, and YER’ relating steer torque response to the

¢R input need to be determined.

The rider describing function adopted by Welr (1972) was based on
equation 7.2 and conslsted of gain only equalization, i.e. no lead or
lag adjustment. For the crossover model the effective time delay, T,
is found to be a function of the controlled vehicle dynamics and the
forcing function frequency bandwidth {(McRuer et al., 1965), For rider
lean control a representative time delay is 0.5 seconds (Welr, 1972).
Note that this value accounts for all of the operator lags,
i.e. receptor excitation (the retina in the case of wvisual cues),
nerve conduction, computational lags, neuromuscular lags etc. To
facilitate calculations the time delay was represented by a

first~order Padé function thus:

—O.Sjw'" (jw = 4.0)

e e . (7.3)

The rider describing function for 1lean control can be therefore

represented as:

-0.5jw

R _ ¢R . _ bR - 7
Y3 Ko'e : (v 7 4.0) ° (7.4)

In equation 7.4 the rider gain KgR is positive (lean right to
roll right), The lean~torque coupling describing function, Y;R, is
represented as a pure gain (KER)' The magnitude of the (negative)
coupling gain or stiffness, Is determined by the the muscular temsion

maintalned in the rider’s arms,

Combining the rider and cycle dynamics gives the following

open—-loop system transfer function for roll angle control:
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- Y$ ———————— e (7.5)
¢e A
where:

Ngghﬁ , N%AQ* = Motorcycle transfer function relating
output ¢ to input ¢R and T respectively.

Bode plots of this transfer functlon are shown In Figure 7.3, for
a number of values of the coupling gain K;R. It can be seen that the
overall open-loop gain is increased by the presence of lean-torque
coupling, allowing a reduction in the gain KgR while maintaining a
constant crossover frequency of, say, 1.2 rad/s (as used by
Weir (1972)). As Table 7.2 gshows, this laproved sensitivity to rider
lean (from the extremely insensitive value of 5.5 degrees of rider
lean required to correct cone degree of roll error with no coupling) is

achieved with minimal effects on the gain and phase margins.

Having chosen values for the rider galns, the closed loop proper-
ties for roll angle, ¢, to a roll command, ¢.» can now be examined by

analytically “closing’ the loop, i.e.

R T
¢ ¢/9, Yg' (Nfg + Ypg M) 3.6
o T g g+ b

* For the notation adopted by Weir and used here, Nﬁ is a transfer
function numerator relating output ‘a” to input ‘b’, and A is the
transfer function denominator (vehicle alone). The denominator, A,
when set equal to zero becomes the characteristic equation of the sys-
tem. Solution of the characteristic equation ylelds the
characteristic modes of motion, the much talked about Capsize, Weave
and Wobble modes (see Sharp, 1971; Weir, 1972). Roote for the above,
and subsequently derived characteristic polynomials, are given in

Appendix I.
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rider-lean and passive lean-torque coupling.
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TABLE 7.2

PARAMETERS AND STABILITY MARGINS FOR CROSSOVER
FREQUENCY OF 1.2 RAD/S WITH FIGURE 7.2 MODEL

KER KgR Gain Fhase
margin margin
Nm/rad rad/rad dB deg
0.0 5.4B 9,04 49,7
-1.4 4.91 8.94 49.5
-13.6 2,52 8.60 48.9
-40.7 1.21 8.43 48.5
-67.8 0.80 8,38 48.4

o — ¥ e o s S et B e e e ——— - [ R ——

The denominator of this function is8 the new system characteristic
polynomial of the rider/cycle system. The behaviour of the system to
changes in rider gains can ‘best’ be shown on a Root-Locus plot. This
is a locus of the roots (solutions) to the characteristic equationm,
plotted as a function of a physical parameter (in this case rider
gain). It gives an instantaneous view of that parameter’s effect on

the behaviour of the system in general, and in particular information

on stability. It is plotted on a complex plane.

The variation of the roots of the denominator of Equation 7.6
with the gain KﬁR is shown in the root locus plots of Figure 7.4, for
no lean—torque coupling and for a <coupling stiffness of KER =
~40,7 Nm/rad. Note that the root—locus i8 symmetrical about the Real
axls and therefore only one half is shown. The closed-loop roots cor-
responding to an open-loop crossover frequency of 1.2 rad/fs are
indicated by the hatched marks on the roots—-loci (Appendix I gives the
exact values for these and the other roots), The plots show that,
apart from increasing the sensitivity to vider lean contrel, introduc-
tion of lean-torque coupling causes the ‘weave mode’ (complex pole at
about 16 rad/s) frequency and damping to increase moderately as KgR

increases: both of these are desireable effects.
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7.3.2 Multiple-Laop Path Control by Body Lean

The single loop system just discussed comprises the inner loop of
the system shown in Figure 7.5, obtained by incorporating lean-torque
coupling into Weir’s multiple-loop system with active control of body
lean only. This inner loop stabllizes the motorcycle, allowing the
path-following outer loops, invelving the heading angle P and lateral

deviation y, to function.

For the intermediate, heading angle control loop, the effective
vehicle dynamics are modified by closure of the lnner, roll angle con-

trol loop. The open-loop transfer function for the heading loop is

11, . Y$c Y‘:R (Ng;JR + YER N¥) .
Yo A4 R (g + 1gp N

Given an inner-loop crossover frequency of 1.2 rad/s, the
ad justments of the gain K%c required to maintain a crossover frequency
of 1,0 rad/s for che heading loop are shown 1n Table 7.3. The table
also shows that maintaining this system bandwidth with increasing
lean-torque coupling can only be achieved at the expense of the sta-
bility margins. Larger gain and phase margin could be obtained by
choosing a lower crossover frequency by reducing the gain for K%c.
This would reduce the system bandwidth. The values shown in Table 7.3

are feasible and result in stable heading control systems.

The outer, lateral position control loop is required to prevent
gradual drifting of the motorcycle from its intended path. With the
effective vehicle dynamics now modified by closure of the roll and
heading loops, the open-loop transfer function for lateral position

control is

y Y?c Y$c YgR (NzR * YER N¥)

= = - e . (7.8)
y R T R T
e A+ Yg (mgR + Yor N“’T) + \%C Y: (N%.R + Yup N?)
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Figure 7.5 Proposed multiple-loop model for path control by

body lean and passive lean-torque coupling.
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TABLE 7.3

PARAMETERS AND STARILITY MARGINS FOR CROSSOVER FREQUENCY
OF 1.0 RAD/S FOR HEADING ANGLE LOOP OF FIGURE 7.5

e e e - —— -

KER K%R K$c Galn Phase

margin margin
Mm/rad rad/rad rad/rad dB deg
0.0 5.48 1.88 6.99 59.3
-1.4 4.91 1.88 6.44 56.9
-13.6 2.52 1.86 4,24 46,5
-40.7 1,21 1.81 3.29 40.9
-67.8 0.80 1.80 3.02 39.4

The effect on this function of the various values of the coupling
stiffness KgR, with the inner loop gains KgR an K$c ad justed as per
Table 7.4, 18 shown in the Bode plots of Figure 7.6. It can be seen
that increased coupling causes ‘peaking’ of the magnitude plot arocund
1.5 rad/s, thereby reducing the galn margin available 1if a constant

crossover frequency 1s to be maintained.

Table 7.4 shows that for a crossover frequency of 0.6 rad/s,
increased coupling causes only a marginal reduction in closed-loop
stabllity (as reflected by the phase margin) but does adversely affect
the ‘robustness’ of the system (reduced gain margin)., The variation
of the closed-loop characteristic roots with the outer-loop gain Kyc
is shown in Figure 7.7, for coupling stiffnesses of zero and
=40.7 Nm/rad. The roots corresponding to a crossover frequency of
0.6 rad/s are indicated by hatched marks on the roots-locl of Figure
7.7. Exact values for these roots and those for the other coupling

gains are given In Appendix I.
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TABLE 7.4

PARAMETERS AND STABILITY MARGINS FOR CROSSOVER FREQUENCY
OF 0.6 RAD/S WITH FIGURE 7.5 MODEL

KgR KgR Kﬁc K$° Gain Phase
margin margin
Nm/rad rad/rad rad/rad rad/m dB deg
0.0 5.48 1.88 0.028 4.89 52.6
-1.4 4.91 1.88 0.028 4.49 52.4
-13.6 2.52 1.86 0.026 2.55 51.4
-40.7 1.21 1.81 0.025 1.49 50.3
-67.8 0.80 1.80 0.025 1.09 50.2

7.3.3 Comparison of Models

For comparison with the results in Table 7.4 for the proposed
model of Figure 7.5 (in which active control by rider lean only is
exercised), Table 7.5 shows the system performance parameters present-
ed by Welir for the model of Figure 7.8 (in which independent control
of body lean and steer torque is maintained). For the same crossover
frequency, Weir’s model appears somewhat more stable than the proposed
model with lean-torque coupling. However, it should be mnoted that
Welr‘s model again requires the rather large galn of 8.2 deg of rider
lean per degree of heading error (increagsed to 20 deg/deg in his
‘refined estimate’ of parameters for this model Weir (1972)).

Figure 7.7 shows that, for the proposed model, the system
response 13 dominated by two low frequency osclllatory modes, the
damping of one of which decreases with increased lean-torque coupling.
By comparison, the response of Welr’s Figure 7.8 model is dominated by
an aperiodic mode and an oscillatory mode, the damping ratio of which
1s 0.049. The damping of the 1.3 rad/s mode in the present model is
reduced to a similarly low value when the coupling stiffness is about
-24 Nm/rad.
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TABLE 7.5

PARAMETERS AND STABILITY MARGINS FOR CROSSOVER FREQUENCY
OF 0.6 RAD/S WITH FIGURE 7.8 MODEL

T dR Yo

K¢ KW KY Gain Phase
Margin Margin

Nm/rad rad/rad rad/m dB deg

-54.0 8.22 0.022 2 60

The models discussed here are intended to represent the tracking
and disturbance regulation response of the rider/cycle system to con-
tinuous, low frequency, random—appearing inputs, rather than its
discrete manoeuvre performance. However it is of interest to compare
the model respongses to classical control system inputs, such as a unit
step or a unlt ramp of lateral displacement command., (In observing
these responses the qualification should be borne in mind that the
time delay in the rider’s response has been represented by a Padé

approximation.)

In Figure 7.9 the step response of Weir’s Figure 7.8 model, with
control by lean and torque, is compared with that of the lean-torque
coupling model of Figure 7.5, for three values of the coupling stiff-
ness KER. The ‘best’ transient response is actually obtained with
leap—-only control (ng = ), but this requires the undesirably large
rider gailn of KgR = 5,5 degrees of lean per degree of roll error.
Increasing the coupling stiffness reduces this gain, but makes the
response more oscillatory, consistent with the discussion of the
roots-loci in Figure 7.7. Recalling that discussion, it is clear from
the plots 1in Figure 7.9 that the performance of the proposed model
would be very similar to that of Weir’s when the coupling stiffness
was about -24 Nm/rad. The gain margin for this stiffness is 2 dB, the
same as for Welr’s model. However the rider gain KgR is only 1.8
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deg/deg, whereas Weir’s model requires 8.2 deg of rider lean per

degree of heading error.

A step 1Input excites the high frequency dynamics of the system in
a rather dramatic way. An input with less high frequéncy conteant, and
which might be used to generate more realistic ‘commands’ for the dis-
crete manceuvres, 18 a unit ramp of lateral displacement. It can be
seen from the plots in Figure 7.10 that there is 1little to choose
between the responses of the various models. Apart from the effects
of the time delay, which riders could be expected to compensate for by
preview of the path ahead, all the models could be expected to track a

practical lane-change path with reasonable precision.

7.4 CONCLUSIONS FROM THE ANALYTICAL ANALYSIS

The following conclusions can be drawn from the analysis of the

preceding sections:

(1) With the introduction of lean-torque coupling into Weir‘s (1972)
single loop model for control of roll angle by body lean, the
cycle’s sensitivity to body lean inputs is 1mproved from the
extrenely insensitive value of 5.5 degrees of rider lean
required to correct one degree of roll error with no coupling,
to a physically more realistic value of about 1.0 deg/deg. This
is achleved with minimal effects on the system performance meas-

ures, namely, open-loop gain and phase margins.

{(11) A comparison between Weir’s (1972) wodel, and the proposed
maodel, for control of the lateral position of the motorcycle
indicates that comparable system performance can be achieved,
The proposed ‘unskilled rider’ model may have lower stability
margins, but requires physically less extreme upper  body

motions.

(111} The lean-torque coupling mechanism appears to represent a feasi-
ble control strategy, with the advantage for the unskilled rider

that active control of only one input to the motorcycle 1s

required.



313

CHAPTER 8

SUMMARY OF CONCLUSIONS AND RECOMMERDATIONS

8.1 INTRODUCTION

A prequisite to effective training and licensing of motorcycle
riders is an understanding of the characteristics of skilled motorcy-
cle riding performances, the types of manoeuvres which challenge these
skills, and control strategles employed by skilled riders which might
be communicated to inexperienced riders. Furthermore, if rider per-
formance characteristics representative of the riding population are
identified, specific goals can be set for motorcycle design tro fit
existing rider performance capabilities. A summary of the findings of
this study, which has attempted to answer these questions, 1s present-
ed in this chapter together with recommendations for further work and

suggestions for rider training.

8.2 SUMMARY OF CONCLUSIONS

The Motorcycle Operator Skill Test (MOST) was used in the first
experiment to obtain a skill grading of the 59 riders tested. Their
behaviour in controlling the instrumented motorcycle was recorded
while they performed the variety of steering and braking tasks in the
MOST. Analysis of the scores asslgned to riders revealed a number of
deficiencles in the test. The performance check used for the emergen-—
cy braking exercises in the MOST was found to be bilased. There was
evidence suggesting that riders are more likely to perform the obsta-
cle avoldance task successfully when manceuvring to the left. As
riders only recelve one attempt at this task in the MQST, those

recelving a right-turn could be disadvantaged. Furthermore, use of an
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unfamiliar motorcycle with a sensitive rear brake appeared to have a
detrimental effect on emergency braking in a curve: riders, on aver~
age, could not attaln the required stopping distance in this task.
Stopping distances achieved during straight-path emergency braking

were considerably better.

As a result of the experience with the MOST, an Alternative Skill
Test (AST) was developed with the objective of providing a simpler
test which would require a smallet test area, yet which would retain
the best features of the MOST, while correcting some of its deficien-
cies. Further, the test was designed to 1incorporate elements of
surprise and decision-making, in an attempt to make it more represen-—
tative of in-traffic situations, and because it has been suggested in
the accident Iliterature that the accident-involved riders often make
inappropriate choices between steering and Dbraking avoidance
manoeuvres, A smaller sample of riders (18) were administered the
AST, The AST and MOST led to a similar skill grading of the test sub-
Jjects. Riders generally performed better in the AST than the MOST -
they were able to achieve higher mean decelerations in the emergency
braking tasks and succeeded more often on the obstacle turns in the
AST than the MOST. However it is not possible to determine whether
this was due to differences between the methodology of the testa, or
whether there was a general lmprovement In subjects” riding ability

during the less-than-two-month interval between tests.

How does a skilled performance on a motorcycle differ from a
less-skilled one? The answer to this question is of some iImportance
as it will allow specific goals for rider training and licensing to be
defined. This question was tackled by making detalled observations of
riding performances over a wide range of skill levels with the instru-
mented motorcycle. Two tasks were identified from the MOST experiment
as "good’ skill discrimipnators - the emergency straight-path braking
and obstacle turn exercises. The data for these two tasks were exten—
sively examined and the following patterns of behaviour were
identified: During braking it was found that skilled ridere (as indi-
cated by their score in the MOST) applied larger front and rear brake

forces, had shorter reaction times, and were able to independently
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modulate thelr fronmt and rear brake force inputs so that, as the
motorcycle deceleration increased, the ratio of front to rear force
increased in the manner required for optimum utilization of the availl-
able tyre/road friction. The obstacle avoldance data revealed that
the skilled riders had a shorter reaction time {consistent with the
emergency braking result), achieved a larger steer angle during the
turning phase of the manoeuvre, and applied a reverse steer angle for
a shorter perlod of time than the less-skilled riders. It was also
found that riders with a short reaction time were more 1likely to
succeed 1n thils task. A coupling between a riders leaning motion and
steering inputs was identified and was shown to be stronger for the
less-skilled riders. A mechanlism was proposed to describe how riders
utilize upper body leaning to control the lateral motion of a motorcy-
cle, The mechanism has been used to develop a hypothesis on the
stages of learning to control the lateral motion of the motorcycle:
Novice riders appear to utilize upper boedy lean as their primary con—
trol input. Coupling of lean with steer torque by the proposed
mechanlsm leade to appropriate, but slow, steering inputs. As skill
develops these inputs are made more smoothly, but at the highest lev-
els of skill the rider 1s able to apply lean and steer control inputs

independently of each other.

8.3 RECOMMENDATIORS FOR FURTHER WORK

If the MOST is to be used as a licence test then it 1s strongly
recommended that the scoring criterion for the emergency braking task
be modified so that riders travelling within the allowable test speed
range are all required to achleve the same level of braking perfor-
mance {see Section 4.9). Furthermore, the use of an unfamiliar
motorcycle and the 1Influence of brake feel characteristics on a

rider’s emergency braking-in-a-curve performance should receive atten-

tion.

It 1s important to establish - with a larger sample of riders -~
how significant Is the asymmetry in riders’ obstacle-turn manoeuvring
ability and whether or not this asymmetry extends to other turning

mangeuvres., If the asymmetry 1s found to be significant, then the
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MOST should be modified so that riders receiving a right-turn in the
obstacle-turn exercise are not disadvantaged. It is also of some
importance to determine the relationship between rider characteris-
tics, such as left or right handedness, and a rider’s left- and
right-turning ability, to determine if the other MOST exercises in
which a turn 1s required need to be redesigned to avold disadvantaging

some riders during testing.

Comparisons between the MOST and AST showed that the two tests
led to a similar grading of the test subjects. The sample of riders
tested had a wide range of riding skills and was not, it is believed,
representative of a sample of typical licence applicants. It is
recommended that the AST be evaluated with a sample of riders
repregentative of licence applicants to determine, firstly, whether or
not the AST will effectively grade such a group, and secondly, whether
the test exercises are appropriate - in their modified form (see Sec-
tion 5.7.9) = or whether further modifications are required for

effective grading of licence applicants,

The instrumented motorcycle has been shown to be an extremely
useful tool for examining the dynamic characteristics of the motorcy-
cle and for observing and comparing rider control behaviour related to
task demands and motoreycle handling properties. It is recommended

that the instrumented motorcycle be used in further similar studies.

8.4 SUGGESTIONS FOR RIDER TRAINING

8.4,1 Braking

The importance of proper utilization of the braking capabilities
of a motorcycle in an emergency braking situation cannot be overem-
phasized, The data collected on the instrumented motorcycle have
indicated that the skllled riders were able to proportion their brak-
ing effort in an optimal manner. As discussed in Section 6.2.4 this
is a very difficult perceptual-motor task as it requires correct pro-

portioning of braking effort to the front and rear wheels in response
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to cycle deceleration. It 18 recommended that serious attention be
given to examining the braking behaviour and performance of novice
riders on motorcycles equipped with a linked front and rear brake sys-

tem.

8.4.2 Controlling the Lateral Motion of the Motorcycle

Very few of the riders to whom the handling questionnalre was
administered (see Appendix B, Part B, Question 2.a.) were aware of the
reverse steer mechanism by which the lateral motion of a motorcycle
can be controlled. Although this may not be lmportant for moderate
manceuvres, for emergency lateral excursions, for which a rapid
response 18 generally desired, knowledge, or some awareness, of the
reverge steer mechanism and its utilization are of paramount impor-
tance. On the basis of the proposed lean-steer mechanism, it can be
demonstrated to the trainee that leaning in the required direction and
maintaining fairly rigid arms will produce the required steering
actions. However, it should be stressed that in order to make the
cycle respond most quickly, a deliberate application of reverse steer
is the most effective method of initiating, or recovering from, a

turn.
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APPENDIX A

MOTORCYCLE DATA ACQUISITION SYSTEM (MDAS)

A.l INTRODUCTION

In order to examine, in detall, the magnitude and sequencing of
control inputs applied to the cycle by the rider and the response of
the cycle, a motorcycle instrumentation package was developed which
can readlly be adapted to different motorcycles. The package is capa-
ble of monitoring 8 channels of analogue information. Lightweight
transducers attached at various positions on the motorcycle/rider
(shown in Figure A.l) produce signals which, after suitable condition-
ing, are encoded and recorded. The general flow diagram is shown in
Figure A.2. The varlous parts of the system used in the present study

are described in this appendix.

A,2 ENCODING, MULTIPLEXING AND RECORDING OF SIGNALS

The onboard data acquisition system, less the transducers and
thelr assoclated signal conditioners (amplifiers and filters),
includes the followlng:

e 8 channels of data encoding and multiplexing (analogue signal input
level 0 to =10V, frequency response: DC to 20Hz).

e Audio high fidelity Nakamichi 350 cassette recorder.

e © x 6V Yuasa sealed lead-acld batteriles.

e Voltage regulation box with multiple outlets and manual switches.

¢ Meter with switchable channel selection for displaying conditioned
transducer outputs,

¢ Input plug for event marker on channel 8,
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EEE N IR I I N T O B 2

- Speed Transducer.

- Steer Torque Sensor.

— MDAS.

= Roll and Yaw Rate Gyros.

Rider Lean and Pitch Transducer.
- Event Marker.

- Steer Angle Transducer.

= Petrol Canister (1 Litre).

1
2
3
&4
5 -
]
7
8
9

~ Batteriles.

—
o
|

Lateral Acceleration Transducer.

Figure A.1 General layout of the instrumented motorcycle.
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[ MOTURCYCLLE/RIDER VARIABLES

TRANSDUCLRS

ANALOG SIGNALS

on SIGNAL CONDITIONERS

(AMPL1FIERS, [ILTERS)

LVENT MARKER

BOARD

MOTORCYCLLE

3

DATA ENCODERS

DIGITAL SIGNALS

{

MULTIPLEXER

\
CASSLETTLE RECORDER

CASSETTLE RECORDEK

DEMULTIPLEXER

DIGITAL SIGNALS

DATA DECCDER

ANALOG SIGNALS

LABORATORY A/D CONVERTER (12 BIT)

COMI'UTER

PLRIPHERALS

(DI5C DRIVES, DISPLAYS,

FIUTTER, ¢tec.)

Figure A.2 Flow chart depicting data acquisition, recovery and
manipulation,



All of these components were mounted in a shaped box designed to
be mounted in place of the fuel tanks, so as to have a minimal effect
on the inertial properties of the motorcycle. The general arrangement

of the components is depicted In Figure A.3.

A major portion of the time spent developing the Instrumentation
package was devoted to getting the 8 channels encoding, addressing and
decoding system to work. The system (known as "Deltaverta Time Divi-
sion Multiplexing’) was purchased in modular form from Hybrid Systems
Corporation, U.S.A., because it had been used for similar work over-

seas (Welr et al., 1978).

However, the system as delivered proved unsuitable (with a
frequency response limited to 3 Hz) and required extensive modifica-
tion. It was subsequently learned that Weir et al. had similar
problems = wunfortunately these had not been referred to in their
report! Many of the original modules were dispensed with and a new
system built, using the same working principle, but with much improved

performance.

A.3 POWER SUPPLIES

Two power sources were used for running the MDAS. The 12V
lead-acid motorcycle battery, after suitable filtering, was used to
power the cassette recorder. Six 6V, 4.0 amp-hr Yuasa rechargeable
lead-acid batteries gave the following regulated and unregulated sup-

plies.

e 18V DC unregulated.
e +28V DC (for the Humphreys rate gyroscopes).
e £15V DC (for the amplifiers, filters, various transducers and

potentiometer type sensors).
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-

Meter with switchable channel selection for displaying
conditioned transducer outputs.

Voltage regulation box.

General purpose amplifier box.

Nakamichl 350 cassette recorder,

8 channels of data encoding and multiplexing.

3 x 6V Yuasa lead-acid batteries.

Input plug for event marker,

Figure A.3 General arrangement of MDAS.



A.4 DEMULTIPLEXING, DECODING

The off-board system consisted of the following:

® Audio high fidelity Nakamichl 350 cassette recorder.
e Demultiplexing and decoding of data — B channels,

e Access to raw ‘digital’ data.

Recovery of the original signal was performed in the laboratory
where the decoded analogue signals (low-pass filtered at 20 Hz) were
each digitized (sampling rate 102.4 Hz) and stored on floppy and/or
hard disk., Once in this form they could be processed using a digital

computer.

A.5 TRANSDUCERS

A.5.1 Steer Torque

Figure A.4 shows the general design of the steer torque transduc-—
er. This was mounted so that the sensing element was parallel with
the steering axis. Non-standard handlebars had to be fitted since the
transducer raised the original handlebars approximately 4.0 cm. The
transducer without strain gauges 1s shown mounted on the wnotorcycle

with original handlebars in Figure A.5.

The strain gauges were mounted in a full bridge configuration and
an Analog Devices 2B31J strain gauge amplifier was used to raise the

steer torque signals to the required level.

The sensor was designed to take stress levels produced during
normal on- and off-motorcycle manceuvring and hence no protection
against overstrain was lncorporated. During the course of the experi-
ments, however, the transducer failed suddenly three times: the first
two times for no apparent reason, and the third time when a subject
dropped the motorcycle during a test exercise. The calibrations shown

below are for the originally gauged transducer and regauged transducer



334

Figure A.4 Steer torque transducer,

iz

1 — Senslng element onto which strain gauges are mounted.

Figure A.5 Steer torque transducer shown mounted with

original handlebars and no strain gauges.
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after the fall (shown in parenthesis). Callibrations for the other two
times were not significantly different than for the first.

Specifications:

® Range: £27.9 Nm (+27.3)

¢ Frequency response: DC to 100 Hz

e Cross axis sensitivity: -1.0mV/Nm {(-0.5) , -ve moment about y-axis
3.5mV/Nm (4.8) , —ve moment about x-axis

A.5.2 Steer Angle

The measurement of steer angle requires high resolution since
small changes in this control variable have a significant influence oun
motorcycle motion. The transducer used in this application was a
TRANSTEK Angular Displacement Transducer (ADT) Model No. 600-00. The
ADT is a precision differential capacitor coupled to a scolid state
oscillator, demodulator, and amplifier to yield DC ouptut. It is
stated to have infinite resolution, 1limited only by the detecting

equipment.

As deplcted in Figure A.6 the shaft of the ADT was aligned with
the steering axls of the motorecycle, whilst the body of the ADT was
fixed firmly to the main frame,

Specifications:

e Range: %20 deg.

e Accuracy: 0,10% (linearity).

e Maximum angular velocity: 1440 deg/s (equivalent to >11Hz frequency
for *20 deg. amplitude sine wave).

e Nominal mass: 350 gm.

A.5.3 Roll and Yaw Rate

The roll and yaw rate gyros used were Humphrey Rate Gyros Model
RG51-0124-1 (160 deg/s) and No. RG51-0165-1 ( *200 deg/s). These

were mounted in the position shown in Figure A.7 in vibration isola-
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1 and 2 - Gyro mounting rings.

3 - Yaw rate gyro.

4 = Roll rate gyro.

Flgure A.7 Position of roll and yaw rate gyros.
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tion mounts which attenuated vibrations above about 20 Hz. Both roll
and yaw gyros used 1initially had a range of 60 deg/s, which was
found to be adequate during moderate manoeuvres. However, during the
more severe manceuvres these gyros were too sensitive, In order to

capture the maximum roll and yaw rates achieved by the more skilled

riders it was necessary to use 1200 deg/s gyros!

Specifications:

e Range: 160 deg/s.

e Accuracy: (including linearity and hysteresis) 1.0% of full scale
at 0 deg/s rate Input, increasing to 2.0% of fullscale
at maximum rate.

® Frequency Response: DC to 22 Hez.

e Nominal mags: 340 gm.

e Range: ¥200 deg/s.
e Accuracy; {including linearity and hysteresls) 4.0z,
e Frequency response: DC to 10 Hz plus.

e Nominal mass: 400 gm.

Note: Since the yaw rate gyro is fixed to the motorcycle frame,
the measured yaw rate (r) will differ from the yaw rate (R) about a

vertlcal axis by the cosine of the roll angle (¢):

r = Rcos¢

Unless otherwise specified the values shown for yaw rate are the

body-fixed component r.

A.5.4 Front and Rear Brake Force

Strain gauges positioned as shown in Figures A.8 and A.9 were

used (full bridge configuration).



338

pivot

gauges

Figure A.8 Position of strain gauges for froat

brake force.

1 = Fulcrum.

2 - Straln gauges.

Figure A.9 Position of strain gauges for rear brake

force transducer.
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The sensltivities are as follows:
Front brake*: 62.6 N/Volt
Rear Braket : 30.2 N/Volt

* The point of application of the load for calibration was 12 cm
from the lever fulcrum. This point represents the ‘usual’ position of
the middle finger when a force 1s applied te the front lever by a

rider.

+ For the rear brake the point at which the rider applies force to
the lever is approximately 300 mm from the lever fulcrum. The signal
from the strain gauge arrangement, which was mounted close to the ful-
crum, was found to be relatively insensitive to normal variations in

foot position on the brake pedal during force application.

A.5.5 Rider Lean and Pitch Angle

The set-up, depicted in Figure A.10 and A.ll, consists of two
precision potentiometers mounted orthogonally to measure any combina-
tion of rider pitch and lean angles. The pots are connected to a
balsa-wood rod which passes through a small ring attached to the
rider’s back, thereby causing no restriction to the rider’s movements.
The pivot polnt of the arrangement is positioned to coincide, approxi-
mately, with the rider’s effective upper body hinge point just aft of
the rider’s hips. It should be noted that this arrangement monitors
the rider’s lean and pitch angle relative to the motorcycle. The per-
formance of this transducer, and a medified transducer for measuring
the three rotational degrees of freedom of the upper torso, was exam

ined in detail in Appendix J.

Specifications:

e BRange: Lean 120 deg.
Pitch %20 deg.

@ Accuracy: 0,3 deg,
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owany

o 3
N R et g e

Figure A.10 Rider lean and pitch angle transducer.

1 - Rod.
2 - Pitch potentiometer.

3 - Lean potentiometer.

Figure A.11 Rider lean and pitch tramnsducer.
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A.5.6 Lateral Acceleration

The transducer used for this application was a Schaevitz linear
servo accelerometer model no, LSMP-1, It was mounted rigidly to the
main frame of the motorcycle, in the position shown in Figure A.l2,
such that its sensitive axls was perpendicular to the plane of symme-
try of the motorcycle. Since the environment in which the transducer
operates is rather noisy, the output of the accelerometer was filtered

at 20 Hz.

Specifications:

e Range: t1g.

e Linearity: 0.01%

e Frequency response (unfiltered): DC to 98 Hz.

o Nominal mass: 60gm.

A.5.7 Speed

Speed was monltored by driving a slotted disc from the speedome-
ter cable which is driven by the front wheel (see Figure A.3 and
A.13). Rotation of the disc¢ produced a signal, via an optical pickup,
the frequency of which was proportional to the angular velocity of the
disc. A frequency to voltage converter acted on this signal to pro-

duce an output which was proportional to the speed of the motorcycle.

This arrangement proved to be most suitable since i1t was
necessary that the speedometer still function so as to give the rider

feedback on speed,

e Range: 0 to 160 km/h.
e Frequency response: DC to 2 Hez.

e Nominal mass: 470 gm.

Note: Since the system is only capable of monltoring 8 channels, a
switch 1s incorporated so that it is possible to switch between chan-
nels and hence monitor any 8 of the 10 variables described. This was

necessary for some of the experiments.
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1 = Accelerometer

Figure A.12 Location of lateral acceleration transducer.

1 - Slotted disc housing.

Z = Drive cable,
3 - Cable to speedoneter.

Figure A.13 Speed transducer driven by speedo cable.
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APPENDIX B
SUBJECT NO. _ _ _ _ _
QUESTIONNAIRE FOR MOTORCYCLE/RIDER TESTS
PART A
1. NAME _ _ _ L o _______
2. SEX MALE [] FEMALE [ ]
3, AGE YEARS _ _ _ MONTHS
4. WHICH OF THE FOLLOWING DO YOU HAVE
a. DRIVERS LICENCE ]
b. MOTORCYCLE LICENCE ]
¢c. LEARNERS PERMIT FOR MOTORCYCLE [ ]
d. ANY OTHER LICENCE _ _
5. HOW MUCH ON STREET RIDING EXPERIENCE DO YOU HAVE?
NONE [ ] 1-6 MONTHS [} 6-12 MONTHS [ ]
1-3 YEARS [] 3-5 YEARS ]
IF GREATER HOW MANY YEARS? _ _ _
6. HOW MUCH OFF-ROAD RIDING EXPERIENCE DO YQU HAVE?
NONE [} 1-6 MONTHS [} 6-12 MONTHS []
1-3 YEARS [ ] 3-5 YEARS ]
IF GREATER HOW MANY YEARS? _ _
7. HAVE YOU HAD ANY COMPETITION EXPERIENCE?

YES [] No [

IF YES, DESCRIBE:-



10.

11.

12.
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HOW MANY KILOMETRES/MILES DO YOU RIDE IN THE AVERAGE WEEK?
ON ROAD ( KILOMETRES/MILES)

OFF ROAD {(KILOMETRES/MILES)

IN THE AVERAGE YEAR? (MAY NOT APPLY TO SOME RIDERS)
ON_ROAD (KILOMETRES/MILES)

OFF ROAD (KILOMETRES/MILES)

WHAT KIND OF MOTORCYCLE DO YOU OQWN?

NONE J

ROAD BIKE [] HOW MANY? _
WHAT ENGINE CAPACITY? _ _ _ cc
_____ cc
_____ cC

TRAIL BIKE [] HOW MANY? _
WHAT ENGINE CAPACITY? _ cC
_____ cc
e

WHICH ONE DO YOU RIDE MOST OFTEN?

IF YOUR ANSWER TO 9 IS "NONE" WHICH KIND OF
MOTORCYCLE IS AVAILABLE TO YOU TO RIDE?

WHO TAUGHT YOU TC RIDE A MOTORCYCLE?

FRIEND ]
DEALER [}, GIVE DETAILS _ _
RELATIVE ]
SELF ]

MOTORCYCLE COURSE [_J, IF SO GIVE DETAILS:

DRIVING SCHOOL [_], GIVE DETAILS:
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PART B

1. IF YOU WERE REQUIRED TO BRAKE SUDDENLY ON A DRY ROAD,
WOULD YOU USE
a. BACK BRAKE ONLY (]
b. FRONT BRAKE ONLY [
¢. BOTH BRAKES ]

ON A WET ROAD WOULD YQU USE
a. BACK BRAKE ONLY [ ]
b. FRONT BRAKE ONLY []

c. BOTH BRAKES ]

2. DESCRIBE BRIEFLY THE SEQUENCE QF BODY MOVEMENTS
AND/OR STEERING ACTIONS YOU WOQULD PERFORM IN QRDER
T0:

a. MAKE A LEFT HAND LANE CHANGE -

b. KEEP YOUR BIKE UPRIGHT GOING IN A STRAIGHT LINE -

c. KEEP YOUR BIKE AT A CONSTANT ANGLE OF LEAN IN
A STEADY TURN -
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3. YOU HAVE JUST ENTERED A STEADY CURVE AND REALIZE
THAT YOU ARE GOING TOO FAST AND ARE LIKELY TO RUN
WIDE. WHAT WOULD YOU DO TO PREVENT THIS HAPPENING?

[F YOU COULD NOT BRAKE IN THE ABOVE SITUATION WHAT
WOULD YOU DO?
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APPENDIX C

APPLICANT TEST INSTRUCTIONS

GENERAL TEST INSTRUCTIONS

The Skill Test you will take is not hard. People fail to pass it
on their first attempt simply because they do not use the correct
procedures. Follow these steps:

1, Read the description of the test exercises and scoring
criteria given.

2. Practice performing the manceuvres called for in the
exercises. In particular, practice the following:

® Making quick stops using both brakes.
You cannot pass the Test using the
rear brake alone.

®  Stopping in a turn without straightening
up the motorcycle or locking the rear wheel.

® Reaching a set speed (24 and 32 kph) and
holding it without looking at the speedometer.

3. Warm up before you take the Test. You can warm
up in any part of the paved area except in the
test area itself.

4, When you take the Test, follow these rules:

® Make sure you stay within the painted lines
on all exercises. Going outside the lines
means failing the exercise. On Exercise VI
you will be asked to ride a curved path as
fast as you safely can. You shouldn't go
so fast that you can't stay within the path.

On the last three exercises, you will be
asked to approach a signal light at a set
speed. You should set your speed as you
approach the exercise and then concentrate
on watching the signal light.
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TEST EXERCISES AND SCORING CRITERTA DESCRIPTION

Exerclses 2 - 5

Sharp Turm, Turning Control Right/Left, and Stopping Judgment

For these test exereclses, the applicant accelerates from a stop
and lmmedlately mpkes a sharp right tum followed by a gradual turn to
the right. The path 1s 1.5 m wlde at flrst and then narrows to 1 m for
the gradual left-right turning exercises. The appllcant 1s required to
accelerate to 32 kph before completion of the gradual right turn. The
left turn erploys the same path but from the opposite direction. The
applicant must re-enter for the left turn at 32 kph, slow while on the
gradual left-hand curve, and then gradually bring the motorcycle to a
conplete stop.

The applicant 1s scored on:

Sharp Turn

® Staying within the path
® Unnecessary use of the feet while moving

Turning Control Rlght/Left

® Staying within the path
® Travel tlme

Stopping Judgment

® Skldding the wheels
® Stopplng at a predetermined area

6. Turning Speed Judgrent

For thls manceuvre, the appllcant rides on a 2.4 m curved
path. The applicant rldes as fast as he safely can.

The applicant 1s scored on:

® Staying wilthin the path
® Travel time for the curve

7. Quick Stop - Straight

The applicant rides a stralght path shifting up to second gear and
stabilizes cycle speed at 32 kph. The path 1s 1 m wide. At the predetermined
point, a red light automatlcally flashes signalling the appllcant to stop.
When the 1llght is activated, the applicant is to bring the motoreycle to a
stop as quickly and as safely as possible, The motorcycle speed 1s recorded
by a timing devlce which provides an accurate measure of speed to one-
thousandth of a second.

The applicant 1s scored on:
® Distance travelled from signal light point.,
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8. Signal Turn

For thls exercilse, the applicant rldes a 1 m path at 32 kph.
Speed 1s measured wlth a tlming device. A light is automatically
actlvated which slgnals the applicant to turn quickly to the left or
right In the directlon of the activated signal. This manceuvre
slmulates avoldance of a frontal barrler (1.e, car) and recovery to
the orlginal headlng wilthout leaving the travel lane. The frontal
barrier is 2.4 m wide. The recovery is delineated by restricting
lines 1.8 m on each side of the frontal barrier. The direction of
the turm is not known by the applicant. The examlner presets the
slgnal 1lght in the deslred direction of the turn.

The appllcant 1s scored on:

e I'ollowing the course signalled.

9. Quick Stop - Curve

The appllcant rides at 24 kph and enters a left-hand curve.
At a predetermined polnt, a signal light activates automatically and
the appllcant must stop the motorcycle qulekly and safely while following
the path. The path 1s 1 m wlde. Operator speed 1s recorded wilth a
timing device.

The applicant ls scored on:

® Staying wlthin the path
® Dlstance travelled in stopplng.
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APPLICANT INSTRUCTIONS
EXERCISES 2-5

(2) Shift to Second Gear
/

{3) Accelerate to 32 XKFH

/”fﬂ' Gt — b — — g
*
/ (9) Stop

/f Completely Here

Slowing

Down
I Gradually
T
(1) Begin Here
(7) At 7
32 KPH 1
~
(6} Shifting into l
Second Gear ™
l (4) Begin
Slowing
Down
Y
+

1 (5) Stop and
J Return on

Signal



APPLICANT INSTRUCTIONS
EXERCISE 6

{5} Stay Between
Lines

(———
(6) Slow Down
\\\\\\:tij:and Turn Around

(4} Look at

Curve and

— Adjust Speed

(3) Pass
Between
Cones

i/

] ®

I\ {2) Accelerate
and Shift
to Second
Gear

(1) Start
Here
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APPLICANT INSTRUCTIONS
EXERCISE 7

(5) When the Red Light
Comes On - Stop the

P ———— et e

Motorcycle

-

=

(3) Stay Between
the Lines

-
:

2
——g

(3} Accelerate
to

Wr 32 KPH
/

(2) sShift to
T second gear

r/// (1) Begin Here
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APPLICANT INSTRUCTIONS

EXERCISE 8
Left or Right
Turn Turn
N~ /
s Ce 1 «— {6) Stop at Line
f
4\
} |
(5) Stay Inside the
Line
——] r—
!

Loy
b
|
[ Y1
; I\ (4) When the Light
l I Comes on - Turn
|4 ' Immediately
11 ‘
i

{3) Accelerate to

‘:;//’;; 32 KPH
4 *—— (2) Shift to Second
— Gear
e

*___,___.—-——-(1) Begin Here
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APPLICANT INSTRUCTIONS
EXERCISE 9

<:> {4) When the Red Light
Comes on, Stop the
Motorcycle

(3) Stay Between the Lines

-\

2) Accelerate to 24 KPH

/

{1) Begin Here
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APPENDIX D
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APPENDIX E

EXERCISE Il — Sharp Turn, EXERCISE |ll — Accelerating in A Tum, EXERCISE IV — Slowing In
A Tum, EXERCISE V — Normal Stop _

¢ BEGIN HERE WITH A RIGHT TURN. AND

e RIDE THIS WHITE PATH (POINT) TO THE END.

e BE RIiDING AT 32 KPH IN SECOND GEAR WHEN YQU REACH THE END — THE WHITE
COMNES.

THEN SLOW DOWN AND TURN AROUND BY THE WHITE FLAG.

THEN RE-ENTER THE PATH AT THE WHITE CONES AT 32 KPH IN SECOND GEAR.

SLOW ON THE CURVE AS NECESSARY IN ORDER TO COME TC A SMOOTH STOP WITH

YOUR FRONT TIRE IN THAT BOX (PQINT).

e DO YOU HAVE ANY QUESTIONS?

EXERCISE Vi — Turning Speed Selection

GO TO THAT WHITE FLAG (POINT).

THEN RIDE BETWEEN THE 2 YELLOW CONES (POINT), AND

FOLLOW THE YELLOW CURVED PATH UNTIL YOU RIDE BEYOND THE LINES.
WHEN YOU FINISH. SLOW DOWN AND RIDE OVER TO ME.

THIS 1S IMPORTANT — RIDE THE CURVE AS FAST AS YOU SAFELY CAN WITHOUT
TOUCHING A LINE.

¢ DO YOU HAVE ANY QUESTIONS?

EXERCISE Vil — Quick Stop — Straight

¢ START AT THE WHITE FLAG.

¢ AT A SPEED OF 32 KIPH IN SECOND GEAR RIDE STRAIGHT DOWN THIS WHITE PATH AND
ENTER THE GREEN PATH (POINT). YOU SHOULD BE IN SECOND GEAR AND STABILIZED
AT 32 KPHWHEN YOU REACH THE WHITE PATH.

¢ WHEN THE RED LIGHT GOES ON (POINT)

¢ COME TO A COMPLETE STOP AS QUICKLY AND AS SAFELY AS YOU CAN, THEN

s REMAIN STOPPED.

s REMEMBER, 32 KPH

s DO YOU HAVE ANY QUESTIONS?

EXERCISE VIl — Obstacle Tum [Left/Right]

o RIDE THE SAME PATH (WHITE/GREEN) AGAIN AT 32 KPH

¢ YOU SHOULD BE IN SECOND GEAR. .

¢ THIS TIME YOU WILL BE GIVEN A SIGNAL LIGHT TO TURN LEFT OR RIGHT (POINT).

o WHEN THE LIGHT GOES ON (POINT)

¢ TURN IN THE DIRECTION OF THE LIGHT IN ORDER TO GO AROUND THE RED LINE IN
FRONT OF YOU.

s TURN BACK BEFORE YOU CROSS THE RED LINE ON THE SIDE (THAT ONE OR THAT ONE,
POINT).

o STOP NEAR THE LINE DOWN THERE (POINT), THEN RIDE OVER TO ME.

» IF YOU ARE GOING TOO FAST, ALL LIGHTS WILL COME ON. DON'T ATTEMPT TO TURN,
SLOW DOWN AND RIDE BACK TO ME.
& DO YOU HAVE ANY QUESTIONS?

EXERCISE IX — Quick Stop — Curve

& START AT THE RED FLAG.

& ENTZR THE RED PATH AT 24 KPH , AND CONTINUE INTO THE WHITE CURVED PATH
{POINT).

» WHEN THAT RED LIGHT GOES ON (POINT)

&~ COME TO A COMPLETE STOP AS QUICKLY AND SAFELY AS YOU CAN, WITHOUT TOUGH-
ING ANY LINE, THEN

» REMAIN STOPPED.

» REMEMBER, STAY ON THE CURVE AND RIDE AT 24 KPH

» DO YOU HAVE ANY QUESTIONS?
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APPENDIX F
EXERCISE 1I--Sharp Tum
Penalty Maximum Exercise
Points Penalty Points
Performance Criteria Points
A. Remaining on Motorcycle operated out
path. of maneouvtre path.
(1) Tyre touches lateral
manoeuvre boundary
linc. 3
{2) Tyre crosses lateral
mancarvre boundary
line, 5 5
B. Feet for Uses feet to support the
Balance. motorcycle during movement.
(1) Touches the surface
with either foot or
both feet or drags
elther or both feet
on the surface. 1 1 6
EXERCISE [Il1--Accelerating In A Turn
A. Remuining on Any deviation from the
path. manoeuvre path marked by
two sets of lateral
houndary lines.
(1) ‘fyre touches the inside
boundary line, goes be-
tween boundary lines, or
touches the outside
boundary line. 3
(2) Tyre crosses outside
boundary line. 5 5
B. Total time in Elapsed time from the be-
scconds to com- ginning of Exercise II to
plete exercise, the end of Exercise III.
(1} More than ten through
elcven seconds 1
(2) More than eleven through
twelve seconds 3
{3} More than twelve seconds 5 5

10
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EXERCISE IV--Slowing In A Turn

Performance

Penalty

Points
Criteria

Maximum
Penalty
Points

Exercise
Points

A,

B.

EXERCISE V--Normal Stop

A.

B.

Remaining on
path.

Total time in
seconds to
complete exercise.

Skid.

Stopped
position .

Any deviation from the
mnoeuvre path marked by

two sets of lateral boundary
lines.

(1} Tyre touches inside
boundary line, goes between
boundary lines, or
touches outside
boundary lines 3

(2) Crosses outside
boundary line 5

Elapsed time from the be-
ginning of Exercise IV to

the moment the front tire
crosses the front line of the
stopping box in Exercise

V, or stopping of the
motorcycle any time before
the stopping box.

(1} More than seven through
eight seconds 1

(2) More than eight through
nine seconds

¥

{3) More than nine seconds 5

Locking either wheel at
any time.

(1) Any detectable skid 3

In the final stopped position,
any portion of the front

wheel touching the stopping
box line(s)(tyre in surface
contact with the painted

stop box lines or surface
outside the box).

(1) Short or long of
stopping box 5

10



EXERCISE VI--Turning Speed Selection

Penalty Maximum  Exercise
Points Penalty Points
Performance Criteria Points
A, Total time in Elapsed time recorded from
seconds to the first timing point to
complete the second timing point.
excrcise.
(11 2.4 seconds 1
(2}y 2.5 secconds 3
{(3) 2.6 seconds and over 5 5
B. Remaining on Any deviation from the mano-
 path. euvre path marked by solid
boundary lIincs.
(1) Tyre touches or
crosses boundary line 5 5 10
EXERCISE VII--Quick Stop--Straight
A. Distance in Stopping distance measured
feet for from the extreme front of
stopping. the fronttyre . The distance
standard is associated with
acceptable entry speeds.
The TimesDistance Chart nust
he used te score the
applicant.
{1) One foot beyond standard 1
(2) Two feet bevond standard 2
{3) Three feet beyond standard 3
(4} Four feet beyond standard 4
{5) Five feet beyond standard 5 5
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EXERCISE VIII--Obstacle Turn (Left/Right)

Performance Criteria

Penalty Maximum
Points Penalty

Points

Exercise
Points

A. Follows course, Any deviation from the

prescribed path in the
direction signalled.

(1) Tyres touch the
frontal barrier or
a lateral boundary,
fail to turn, or a
turn in the wrong
direction .

EXERCISE IX--Quick Stop--Curve

A. Remaining on Any deviation from the
path. manoeuvre path marked by

the inside boundary
lines.

(1) Either tyre touches
or crosses boundary
lines.

B. Distance in Stopping distance measured
feet for from the extreme front of

stopping. the front tyre. The dis-
tance standard is assoc-
iated with acceptable
entry speeds. The Time/
Distance Chart must be
used to score the
applicant.

(1) One. foot beyond standard

(2) Two feet beyond standard

1

2

{(3) Three feet beyond standard 3

(4) Four feet beyond standard 4

(5) Five feet beyond standard § S

TOTAL TEST SCORE

oo

71
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APPENDIX G

RIDERS
MWANIIED

LEARNERS, JUST LICENSED AND EXPERIENCED RIDERS

ARE NEEDED FOR MOTORCYCLE/RIDER TESTS BEING CONDUCTED BY THE
DYNAMIC SYSTEMS GROUP IN THE DEPARTMENT OF MECHANICAL ENGINEERING
OF THE UNIVERSITY OF MELBOURNE.

YOU WILL BE REQUIRED TO RIDE AN INSTRUMENTED MOTORYCYCLE WHICH
ALLOWS US TO MONITOR HOW THE MOTORCYCLE IS BEING CONTROLLED AND
HOW IT RESPONDS TO THE CONTROL.

THE TESTS ARE PURELY EXPERIMENTAL AND WILL WOT IN ANY WAY AFFECT
YOUR CURRENT RIDING STATUS,

THIS IS AN IDEAL OPPORTUNITY TO SEE HOW YOU RIDE,

THE ONLY REWARD WE CAN OFFER IS THAT OF HAVING RIDDEN THIS TWO-
WHEELED MARVEL.

IF YOU ARE AT ALL INTERESTED., AND/OR HAVE FRIENDS WHO WOULD BE
INTERESTED. PLEASE CONTACT HANS PREM ON 341 6736, IF I'M NOT

THERE, PLEASE LEAVE YOUR NAME AND DETAILS OF HOW YOU CAN BE
CONTACTED,
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APPENDIX H

INSTRUCTIONS

At a gspeed of 32 KPH ride down this path. You should be in second

gear and stabilized at 32 KPH when you reach the path.

When on the path you will be given one of the following combinations

of lights.

All three red - if this occurs you will be required to come to a complete
stop as quickly and a safely as you can. Try to stop

before you reach the line representing the cbstacle.

Green only,left or right - If this occurs turn in the direction of the
light in order to go around the line repregsenting the
obstacle in front of yvou {(point}. Turn back before you

cross the boundary line (point).

Green-Red~Green - if this occurs you have to make a choice. You can brake
to stop before the line representing the obstacle and/or
avoid the obstacle by going to the left or the right.
Imagine the obstacle to be a vehicle and you have to decide
how you can avoid hitting it. Remember you can brake and/or

avoid the obstacle to the right or left.

No lights - If this occurs there is no hazard. Continue straight through.

If you are given a left hand manceuvre continue around to the left

and re-enter the path there (point).

If you are given a right hand manceuvre continue around to the right
and re-enter the path at the same point, continue until T instruct you that
the test is over. If you are given a braking manoceuvre you can choose the

direction to go to re-enter the path.
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The difficulty of each task performed will vary randomly and tasks may
be repeated. You may not perform some manceuvres successfully, do not
despair, the harder tasks have been designed this way. Try your best and

attempt what you can. Any questions?
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APPENDIX I

CHARACTERISTIC EQUATION ROOTS FOR THE ANALYSIS OF THE
RIDER-LEAN STEERING MECHANISM

This appendix gives the roots of the characteristic equation of

the various <closed-loop rider/cycle control systems presented in

Chapter 7.

The notation used to write the poles of the factored characteris-

tic polynomial is that adopted by Weir (1972), i.e.,

Al(s + a) is written A(a)

2

Als® + 23w s + ""121] is written A[ §, w,]

where:

L = dampling ratio for the second order mode,

w, = natural frequency (rad/s)

The roots of the characteristic equation for the vehicle alone is

as follows:

A= 0.241(-0.0957)(17.1)[0.27,16.0][0.43,54.0]

and for the rider/cycle system, with the amount of lean-torque cou-

pling indicated, they are:

Coupling
stiffness Characteristic equation roots
{Nm/rad)
¢/¢. system

0.0 0.241(-18.6)[0.59,2.011[0.27,15.91[0.43,54.0]
-1.4 0.241(~18.6)(0.58,2.011[0.27,15.9]1[0.43,54.0]
-13.6 0.241(~18.3)[0.57,2.001(0.28,16.11(0.43,54.0}
-40,7 0.241(-18.2){0.56,1.99][0.29,16.2][0.43,54.0]

-67.8 0.241(~18.2)[0.56,2.00][0.29,16.21[0.43,54.1]
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wlwc system

0.0 0.241(-1.05)(-18.6)[0.27,1.84][0.29,15.9][0.43,54.0]
-1.4 0.241(-1.11)(-18.5)[0.25,1.79][0.29,16.0][0.43,54.0]
-13.6 0.241(-1.,35)(~18.3)[0.19,1.60][0.29,16.5][0.43,53.9]
-40.7 0.241(-1.46)(-18.,1)[0.16,1.51][0.29,16.7](0.43,53.9]
-67.8 0.241(-1.49)(-18.1)[0.14,1.49[[0.29,16.8][0.43,53.9]

y/y, system

0.0 0.241(-18.6)[0.76,0.99][0.20,1.48][0.28,15.9]{0.43,54.0]
-1.4 0.241(-18.5)[0.77,1.01]([0.18,1.43][0.29,16.0][0.43,54.0]
-13.6 0.241(~18.2)[0.85,1.08][0.074,1.29][0.28,16.5][0.43,53.9]
-40.7 0.241(-18.1)[0.87,1.10][0.025,1.22](0.28,16.7}{0.43,53.9]

-67.8 0.241(-18.1)[0.88,1.101(0.010,1.21]{0.28,16.8][0.43,53.9]
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APPENDIX J

ANALYSLS OF THE UPPER-BODY MOTION TRANSDUCER

J.1 INTRODUCTION

The transducer used to measure upper-body lean and pitch for the
experiments outlined in Chapters 4 and 5 is shown in Appendix A. The
arrangement described 1s simple in principle and has been used by
other researchers (Rice et al., 1976; Rice, 1978; Welr et al.,
1978). During the course of the experiments it was observed, from the
position of the “lean stick’ part of the transducer, that the riders
were twisting their upper-bedy in some sort of synchronism with thelir
steering action,. It was realized that thelr twisting action would
induce apparent rider lean angles in the transducer output which were
not related to a lateral shift in the centre of mass of the
upper—-body. The performance of this transducer is examined in detall
in this appendix to determine what effect twisting of the upper-body
has on the lean measurements made. Further, a modified transducer was
developed and used to measure the three degrees of freedom of the

upper-body of three riders performing lane-change manoeuvres.

J.2 ANALYSIS OF UPPER-BODY MOVEMENT

The crider’s upper-body during ‘normal’ riding has effectively
three degrees of freedom relative to the motorcycle. These are lean,
which corresponds to sideways motlion of the upper-body; pitch, a fore
and aft motion; and twist, defined here as a rotation of the rider’s
upper—body about an axis which is parallel to the rider‘s spine and

which passes through the lumbar vertebra.
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Conslder the angular displacement of the upper-body, shown in
Figure J.l1 as conslsting of the rotations, $R (lean), 6R (pitch), and
PR (twist) as shown. The three Euler angles, ¢R, R and YR, specify
the position of the x-y-z triad which is fixed in the rider. The z
and twist axes are collinear and the y-axis is perpendicular to the
rider’s upper-body plane of symmetry. Fixed to the origin of this
triad and aligned with the x,y and z aexes are, respectively, the unit
vectors i, j and k. Another set of axes is defined, X-Y-Z, which is
fixed in the motorcycle and its origin coincides with the x-y-z axes
origin. It has wunit vectors I, J and K. The X-axis points forward
and lies in the plane of symmetry of the motorcycle, the Y-axis points
to the right of this plane, and the Z-axis points vertically down-
wards. These directions, and clockwise rotations about these axes,
are defined as positive. Assume that the effective upper-bedy rota-
tion axes all intersect at a unique point, and the origin of the X-Y-Z
triad, and the point of rotation of the lean stick part of the trams-
ducer, are colancident with this point. Also shown in Figure J.l is
the vector r, which defines the position of the transducer ring,
through which the lean stick passes, and the vector R, which defines
the position of the upper-body centre of mass, In the x-y-z coordi-

nate system these two vectors are given by:

r=-pi - ag (J.1)
and

The order in which the rotations are prescribed determines the
final angular position of the upper-body (i.e. the rotations are not
commutative). The rotation sequence was established by examining the
angular displacement freedom of the original transducer, shown in
Appendix A, and the modified one which is shown in Figures J.2 and
J.3. The modified transducer differs from the original one in that it
allows a component of upper-body twist to be measured. It operates as

follows: The rod which drives the three potentiometers slides through



Flgure J.1
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\r/r—————twicé axis

Reference frames and position vectors for analysis

of upper-body motion.
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1l = Potentiometer drive rod
2 = Gimbal

1 - Ceramic rings

2 - Inner gimbal ring

Figure J.2 Upper-body angular displacement transducer.
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Drive rod

Twist potentlometer

Pitch potentiometer

1
2
3 -
4

- Lean potentiometer

Figure J.3 Potentiometer arrangement for modified tramsducer.



three ceramic rings mounted in the cage which is fixed to the inner
ring of the gimbal. The gimbal bearing clearances are adjustable, and
the slide clearances between the two rods (which transmit the ‘twist’
motion) and the ceramic rings are small, allowing backlash to be

reduced to a minimum. The three wvarlables could thus be measured

without restricting the movement of the rider’s upper—-body. Despite
its complicated appearance the transducer functioned extremely well
during the experiments. For the axis system chosen, the order of
rotation to obtaln x-y-z from X-Y-Z is lean (¢R), pitch (BR) and twist
(YR).

The components of the vectors r and Ry in the X-Y-Z axes system,
following three finite rotations are obtained via the three dimension-

al space rotation matrix as follows:
{U*} = [TéR] [TQR] [TlpR]{u} - [T¢R oR WR] {u} (J.3)

where:

{u} = vector components in the x—~y-z axes system.
{u”} = vector components in the X-Y-Z axes system,
y

{T_] = two dimensional plane rotation matrix, s is the
angular displacement of the vector u in a plane.
and
[T¢R oR VJR] = three dimensional space rotation matrix, where
the rotations are ordered ¢R, OR and YR.

cosOR cosyR ~c0osOR simR sindR
cos¢R sinR cos¢R cosR -singR cosBR
= | +sin¢R sinOR cosPR  -singR sinBR simdR .
singR sinPR singR cosPR cos¢R cos@R
~cos5¢R simBR cosPR  +cos¢R sinBR sioyR
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By substituting, in turn, equations (J.l) and (J.2) into (J.3), and
using the J and K components of the resulting vector for the no lean
case, it can be shown that the lean angle measured with the transducer

will differ from the actual lean angle by an amount:

a
- = sinyR
- sinp
¢d =  artan -
a
- 81n6R cosPR - cosBR
Lb i
~ A -
= sinyR
- eind
- artan - . {(J.4)
A
" 81inOR cosPR + cos6R

The first term in the right-hand side of the expression arises because
the transducer ring 1is aft of the twist axis and the second term

because the upper-body centre of gravity is forward of it.

The parameters required to make use of the right-hand side of

equation (J.4) were determined by actual measurement and by referring

to the literature, Estimates for components ‘a’ and ‘b’ were measured

when each of the three riders was seated, in an upright position, on
the motorcycle prior to the conduct of an experiment. The varilable
‘a’ was taken to be the distance from the transducer ring to a point
on the spine directly behind it. The distance from this point to the
lean potentiometer axis was taken as ‘b°. A value for ‘B’ was found
in Weir et al. (1978) and the anthropometric data of Damon et al.
{1966) provided centre of gravity information for the various body
members from which it was possible to estimate “A’, Because of the
variability 1in the physical characteristics of human beings, and
because the location of the three axes defined earlier are difficult
to determline, the estimates for the parameters should be considered as

approximate, The values are listed In Table J.1

Figure J.4 illustrates the behaviour of the two components of

lean, as predlcted by equation J.4, for a range of values of the a/b
and A/B ratios and no inclination angle. For the values of a/b and
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TABLE J.1

PARAMETER VALUES FOR EQUATION J.4

Subject Pitch angle* b a B A
(deg) (cm) (ecm) (cm) (cm)

1 -11.,2 41 6 39 12
-6.0 38 6 39 12
-8.0 40 ) 39 12

* In the ‘normal’ riding position the rider’s back is inclined., These
values are for the three riders tested and were measured relative to

the vertical,

A/B shown in the Table, the component due to the centre of gravity
being forward of the twist axls {s about twice that due to the trans-
ducer ring being aft of the twist axis and, from Figure J.5 the effect
of inclination angle on the difference between the measured and actual
lean angle ig seen to be small. For a positive twist angle the
difference ¢4 1is positive indicating that the position of the centre

of mass is to the right of the lean stick.

The analysis shows that the measured lean angle can differ from
the actual lean angle by about one-half of the value of the upper—~hbody
twist angle. If the twisting motion is large then its effect on meas-
ured lean can be significant. The next section presents the results
of experiments which were carried-out to measure the twisting motion

of the upper-body during turning manceuvres.

J.3 TWIST EXPERIMENT

The transducer used for this experiment has already been des-
cribed. Three riders were rectuited and classified by riding
experience as novice, Intermediate and expert. Each rider performed

about ten left- and right-hand obstacle avoidance turns which were
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Figure J.4 Behaviour of the two components of the

lean angle difference.
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assigned at random. This minimized the possibility of the rider pre-
paring 1in advance for a particular manceuvre. The course lay-out and
test procedure was similar to the experlments outlined in Chapter 5.

Test speed was about 30 km/h.

The data for the runs which were successful were averaged for
each of the three riders. The averaged traces (10 averages) for the
intermediate rider, for a left-hand turn, are shown in Figures J.6(a)
through J.6(g). Shown also are the 90% confidence intervals for the
mean of the traces. These represent a measure of inter=-run variabili-
ty. The averaged data for the other two riders are similar to those
shown. The major difference between riders 1s the size of the confi-
dence 1intervals which, for the expert rider, are about one-half the
width of the ones shown. The sense of the Ltransducer outputs was
defined in the main text. The zero position on the data trace for the
upper—body motion variables is for the ‘normal’ straight ahead riding
position. Note that the twlst angle measured represents a component
of the ‘actual’ twist because the lean stick passes through transducer
ring. However, this component will differ only slightly from the
“actual’ twist angle because the lean stick is long compared to the
distance from the tramsducer ring to the assumed position of the twist

axis,

From Figure J.6(c) - the averaged twist angle data - the 90% con-
fidence interval has a maximum absolute value of about 6 degrees. For
the three riders tested, for the left and right turn directions, this
value 1s representative. For the time period between 0.9 and 1.5
seconds, average lean and twist are positive. Average twist has a
maximum value of about 4 deprees. For this case then the rider’s
upper—body centre of mass is actually more vertical than indicated by
the lean trace of Figure J.6(b) during this period. Although the peak
magnitude of twist is about the same for the three riders tested, the
sequencing of twist and lean is different and seems to be rider depen-
dent, If the values of twist measured for the three riders tested are
representative of all the riders tested, then it appears that the lean

trace can be in error at times by about 3 degrees.
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