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ABSTRACT

The long voyage of ships has the characteristics of quarantine closed, 24-hour
continuous duty and long voyage to distant sea. The state of long voyage will affect the
operator’s operation ability, and then affect the operation performance in the process
of human-computer interaction. As a result, the human-computer interaction task that
can be completed under conventional conditions may not be completed in the long
voyage state. However, the existing Fitz's law model lacks the consideration of the long
voyage state, which leads to errors in the calculation of human-computer interaction
performance. Therefore, based on the original Fitz's law model, this paper designs
an experiment to collect the steering parameters under the condition of 90 days long
voyage. Eight ship operators were selected to collect the data of operating parameters.
The model of parameter change rule of operator’s Fitts law in the state of 90 days
long voyage is constructed. The model can be used to calculate the execution time of
human-computer interaction tasks for each day in the 90-day long voyage state.

Keywords: Fitts model, Command and control system, Human-computer interaction design,
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INTRODUCTION

In the process of human-computer interaction of ship operator, the operator
usually needs to click on a fixed target. Such as buttons, windows, menu
items, etc., on a computer display. The Fitt’s Law simulates the execution
process of the human-computer interaction control behavior (Card, English,
& Burr, 1978; Li, Zhou, Zhang, et al., 2020; F%% et al., 2020). See the
formulas (1) and (2) for details.

According to the Fitt’s Law, the movement time MT is a linear function of
the difficulty index ID.

MT =a + bID (1)
Where a and b are constants, ID is difficulty index.

ID = Log,(D/W + 0.5) (2)
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Where D is the distance from the current point to the target, and W is the
width of the target.

Li et al. (2020) constructed the operator Fitt’s Law in the conventional
state and updated the parameters and in the existing Fitt’s Law. Considering
the special long voyage working condition and quarantine closed working
environment of the ship operator, the operator’s own ability will change,
which will lead to the change of the operator’s operate ability. The parameters
a and b may change in the long voyage state, but the existing research does
not give the change law of the parameters a and b in the long voyage state.
It limits the calculation of human-computer interaction performance in long
voyage state.

Based on the above background, this paper designs a 90-day long voyage
operation parameter measurement experiment. The experimental data of
the operator’s operation in the state of long voyage are collected, and the
variation model of the parameters a and b in the Fitt’s Law is constructed.
Furthermore, the Fitt’s Law model of the operator under the condition of
90 days long voyage is constructed.

EXPERIMENTAL EQUIPMENT

In terms of experimental environment, a cabin with quarantine, closed and
long voyage environment was built. The subjects can work, eat and sleep
independently in the cabin. After the subjects entered the cabin, the cabin
was closed for 95 days until the end of the experiment, during which the
subjects did not leave the cabin, so as to simulate the closed and long voyage
environment of the quarantine as far as possible. In order to ensure the
stability of the objective conditions of the experiment, the light environment,
sound environment, temperature and humidity in the experimental cabin are
all simulated as the typical environment of the ship. In the working area,
the light environment is 60 Lux, the temperature is 23 ~ 25 °C, and the
noise is 55 dB. The parameters remain unchanged under the adjustment of
the experimental cabin control system.

In terms of experimental equipment, the experimental equipment includes
the host, display, mouse and keyboard of the display and control equipment
of the ship command and control system. The display area of the screen is
52.71 x 29.65 c¢m, and the display resolution is 1600 x 1200 dpi.

PARTICIPANTS

In terms of subject selection, the subjects are 20 simulated operators of
ship command and control system, who have practical experience in ship
command and control system. The subjects signed the informed consent of
the experiment after professional training and training, all of them have
reached the qualified standard after examination. It has the conditions
to carry out formal experiments. The 20 subjects included 12 males and
8 females, with an average age of (30.2 + 4.1) years and an average
working life of (5.4 & 0.8) years. Corrected visual acuity is above 1.0, right
handedness.
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OPERATION PARAMETER MEASUREMENT EXPERIMENT IN LONG
VOYAGE CONDITION

The long voyage experiment lasted for a total of 95 days, and
eight experiments were carried out according to the experimental task
arrangement. The data acquisition process of each experiment was carried

out on the 4th, 16th, 31st, 43rd, 58th, 70th, 80th and 95th days after the
start of the mission.

Experimental Process

In this experiment, subjects are required to complete two click tasks. First, the
target width W is unchanged, and the target distance D is changed. Second,
the target distance D is unchanged and the target width W is changed. The
subjects is required to use the mouse to click the two icons “E” and “F” on
the display interface of the monitor, as shown in Figure 1.

Figure 1: Parameter measurement experiment of operation control model.

Considering that the conventional single operation distance of a ship
command and control system is usually between 100 and 300 pixels (Li,
Chen, Feng, & Huan). The size of the system icon design is generally between
10 and 40 pixels (Li, Zhou, Shi, et al., 2020), and the experiment sets the
variables as D 100, 150, 200, 250, 300 pixels (the distance of “E” and “F”,
which appear randomly on the screen), will be set to 10, 20, 30, 40 pixels
(size of “E” and “F”, square shape). Therefore, the experiment involves five
target distance D and four target width W intersection combinations, totaling
20 kinds. Where ID = 3.95, 3.39, 3.00, 2.46 correspond to different and
combinations.

After the start of the experiment, click the two icons “E” and “F” in
turn on the display interface of the monitor. Each D and W combination
was randomly executed for 5 times, and each subject clicked 100 times.
The experimental procedure was to record the time between the two clicks
of “E” and “F” under each combination. It was further analyzed whether
there was a significant difference in click time between the same ID but
different combinations. According to the results of pre-experiment analysis,
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there is no significant difference in click time between the same ID and
different combinations. In view of reduce that influence of fatigue caused
by long operation time on the experimental result as much as possible, The
combination with the same difficulty coefficient only retains the one with the
largest distance, and the final experiment retains 14 combinations.

Experimental results

(1) Analysis of basic data for parameter measurement of operation control
model in long voyage state

First, the mean and standard deviation of all the data collected in each
of the eight experiments were calculated. Data with more than 3 times of
standard deviation are eliminated and replaced by the mean value. The mean
and standard deviation of the operation time of each of the 8 subjects in
each experiment under 14 ID gradients were calculated in turn. Secondly,
8 pairs of parameters (T,,T},) (representing the parameters a and b in the
Fitt’s Law respectively) of 8 subjects in each experiment were obtained by
linear fitting. The mean value (M) and standard deviation (SD) are shown in
Table 1 and Table 2, respectively. The long voyage time (¢) is shown in the
table; Finally, 8 pairs of parameters of 8 subjects in each experiment were
fitted by polynomial. Combined with the Fitz’s Law, and the model of the
change of the parameters T, and T}, are further constructed.

Table 1: Parameter T of 8 operators after 8 times of experimental fitting in the long
voyage state.

. Ta 2 3 4 5 6 7 8 M SD
7 239 243 239 258 269 212 248 232 242 15
16 201 211 219 231 186 201 201 185 204 14
31 264 277 282 271 247 281 264 222 264 18
43 315 350 320 334 317 304 299 332 322 15
58 321 281 291 307 264 268 293 294 290 17

70 294 279 300 249 293 261 283 292 281 16
80 285 243 250 251 264 253 260 286 261 14
95 255 262 270 252 240 243 242 245 251 9

Table 2: Parameter T;, of 8 operators after 8 times of experiment fitting in long voyage

state.
; T 1 2 3 4 5 6 7 8 M SD
4 241 235 236 232 227 247 232 240 236 6
16 239 234 236 230 246 238 240 243 238 4
31 215 214 211 220 225 212 219 230 218 6
43 197 186 195 188 194 202 200 200 195 5
58 177 190 187 182 191 193 184 184 186 S
70 191 199 193 208 198 208 200 200 200 S
80 198 210 206 208 201 209 206 193 204 N
95 210 209 208 217 219 217 216 214 214 4
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(2) The change model of the long voyage state parameter T,

For T,, taking the long voyage time(t) as the independent variable. In
Table 1, the 8 parameters of 8 subjects in each experiment were used as
dependent variables (64 points in total) for polynomial fitting. Considering
the change law of the data itself and the fitting coefficient, the final fitting is
carried out in a segmented way. The data were divided into two stages with
the forty-third day as the dividing point for fitting (P < 0.05). The results are
shown in Figure 2 using a quadratic polynomial fit before and after 43 days
(R2 =0.83 and 0.71, respectively).
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Figure 2: Change model of Tj,.

The maximum absolute error of fitting is 6.14%, and the average absolute
erroris 2.3%. T,

1.485 %1071 % 12 — 4.702¢ 4+ 254.099,0 < t < 43

Pplalt) = { 1.233 % 1073¢2 — 3.045¢ + 428.826,43 <t < 90 (3)

Where ¢,,(¢) is the change model of the operator’s control parameters in
the long voyage state, and ¢ is the time of the long voyage (days).

(3) The change model of long voyage state T,

For Ty, taking the long voyage time (#) as the independent variable.
In Table 2, 8 parameters of 8 subjects in each experiment were used as
dependent variables (64 points in total) for polynomial fitting. Considering
the change rule of the data itself and the fitting coefficient (R2 = 0.76). The
quadratic polynomial fitting is finally selected, and the results are shown in
Figure 3. The change model ¢,(t) of T}, in the long voyage state is shown
in formula (4), the maximum fitting error is 5.49%, and the mean absolute
error is 2.65%. t

Ppip(t) = 1.507 x 10> — 1.850¢ + 252.763 (4)

Where ¢p5() is the change model of the operator’s control parameter. Tb in
the state of long voyage, and ¢ is the time of the long voyage (days).
(4) Operator’s Fitts’ law model under long voyage condition.
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Figure 3: Tb change model in long endurance state.

According to formula (3), formula (4) and formula (2), the control time
¢Tm,,(t) in the long voyage state can be obtained:

[ (1.485 % 1071 % 2 — 4.702¢ + 254.099) +
(1.507 % 10722 — 1.850¢ + 252.763)
logy(D/W +0.5),0 < ¢ <43
(1.233 % 10732 — 3.045¢ + 428.826) +
(1.507 % 10722 — 1.850¢ + 252.763)
log,(D/W +0.5),43 <t < 90

(mem(t)

Where ¢, (¢) represents the control time (ms), ¢ is the time of the long
voyage (days), D is the moving distance, W is the target width.

CONCLUSION OF THE EXPERIMENT

The exist research does not give the change rule of the parameter a and b
in the Fitt’s Law under long voyage condition. In this paper, the 90-day
long voyage operation parameter measuring experiment is carried out, and
the operator’s operation experimental data are collected. The change model
of parameters a and b in the Fitt’s Law is constructed, and the Fitt’s Law
model of operators in the 90-day long voyage state is further constructed. For
the same interactive task, the above model can calculate the operation time
of each day under the condition of long voyage, which provide important
support for that human-computer interaction design of the ship command
and control system.
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