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Pilot Aptitude Research Equipment (PARE) is a simulator developed to measure or research pilot aptitude and train for student
pilots. Design of an ergonomic PARE operation console is required to operate the equipment effectively. This study carried
out five steps : (S1) operator questionnaire survey, (S2) anthropometric design formula development, (S3) usability evaluation,
(S4) improvement design, and (S5) validation considering both Physical User Interface (PUI) and Graphic User Interface (GUI)
of PARE operation console. The operator questionnaire surveyed needs for each PUI and GUI part of the console from two
PARE actual operators. In terms of PUIL the anthropometric design formula was developed by using design variables, body di-
mensions, target population characteristics, and reference posture related to the PARE console. In terms of GUI, the usability
evaluation was conducted by three usability testing experts with a 7-point scale (1 : very low, 4 : neutral, 7 : very high) on
GUI of the PARE operation console by seven usability criteria. The improved PARE operation console was designed to reflect
the optimal values of design variables calculated from design formula, the results from usability testing, and the operator’s needs.
The improvement effect was observed by 20 people who had experience with the PARE operation console. As a result of the
validation, monitor visibility and cockpit visibility for the improved PUI design and visibility and efficiency for the improved
GUI design were significantly increased by more than 90% respectively. The improved design of the PARE operation console
in this study can contribute to enhance operation performance of the PARE.

Keywords : Pilot Aptitude Research Equipment, Physical User Interface, Graphic User Interface, Anthropometric Design Formula,
Usability Evaluation
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<Figure 1> Pilot Aptitude Research Equipment
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Desk Width : %y Console Height :
1734 mm N e o 1386 mm
= "« ) DeskDepth:
1‘1 280 mm
Desk Height : —________ Y

508 mm

<Figure 2> Design Dimension
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Seated
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i
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Popliteal height

<Figure 3> Body Dimension

Shoulder flexion: 13°

Shoulder abduction: 13°

Trunk flexion: 90 Knee flexion : 90°

Side view Front view

<Figure 4> Reference Posture for Design

aelm AA NEAAE FRACE Telste] AATHE

patakdet AWM 4= <Figure 2>9F 20] PARE 2&3}
ey AT A 28 AEEAA EE

=0](Console height)©] Ul 7FA| 7} A = Tk AW+
AARge A3 HEAY &4 A3 #E Aol

<Table 1> Human Body Size of Representative Human Model
by Body Dimension(unit : mm)

) ) Percentile
No. Body dimension o =g 95h
1 Bideltoid breadth 426.5 465.5 517.5
2 Seated eye height 768 814.5 861.5
3 Upperarm length 320.5 348.5 374.5
4 Forearm-hand length 247.5 274.5 299.5
5 Popliteal height 399.5 432.5 467.5
6 Thigh clearance 130.5 151.5 176

<Table 2> Design Equation by Design Dimension(unit : mm)

Design . .
No. Dimension Design Equation
| Desk width Bideltoid breadth of 951h%ile+2><Upperarm

length of 95™%ilexsin(13°)+64.1° = 750

Forarm-hand length of 50‘h%ile+Upperarm

2| Desk depth |1 ooth of 50™ilexsin(13°)+22.1° = 375

Popliteal height of 95"%ile+Thigh clearance

3| Desk height | =ogtuiier65 = 710

Popliteal height of 50"%ile+Seated eye height

4 | Console height of 50™%ilet18’ = 1,250

*Allowance.

3 = <l
913 AxbEe AE7HES AAWTe
£ 3| <Figure 3>3} 7o
$1Z2}o] YH|(Bideltoid breadth), 9k To](Seated eye
height), $1& Zo](Upperarm length), 2 X< 43 Zo|
(Forearm-hand length), &5 ¥°](Popliteal height), 1] 3L
y A the] 7 (Thigh clearance)2] o141 71417} A4 = 1}
A7l B3Rl PARE 2 8749 A8 54%
aeste] 20~30t) B o® Ao, <Table 1>3}
o] 2015 Sl A SAHAE(n = 6,413)9] 90%E +
48 = dEE 5" 50" 95" percentiles®] Al 7HA] UIE
AAEAR HAFACH21]. AA 71FEAAE VDT 2]
Ao F8 Al tis 71E wHES FHarste] <Figure
4>} o] MAEATHL, 2, 18]. dE E°f, oA =
(Shoulder flexion)ell t]g+ Computer workstation A& =3
A= 0~25°0]31, PARE &9 A7 7|&AA= 34
oo F3F gkl 1302 MAH Ak AAE 22 <Table
2>9} o] A e AA didITet A 7lEAAE 7]k
o7 ] 7HA] AARGeE oA 7] QARG 7F 71818
A B Q18 A Al Y= (Design for average, Design
for extreme individuals, Design for adjustable range)< 1%

ato] ZidE A
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2.3 GUI ArEd E7t

o] PARE 2% 9] GUI Af
W&, BN E, a8a
, A A8 HU ARE

B s AAHel aa4
%"3 H7ME & oA 37
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sttt H7ho S <Figure 5>9F Z¢] PARE 2&
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(a) Mission Selection Display

(b) Mission Summary Display

<Figure 5> Usability Evaluation Display

<Table 3> Usability Evaluation Criteria

Evaluation

No. Criterion Description
L Degree to which the interface works in a
1 Simplicity .
simple manner
) Efficiency Degree to which the interface is easy to

be controlled

Degree to which the interface is easy to

3 Learnability learn

Degree to which the interface prevents

4 | Error Prevention .
usage errors in advance

Degree to which the interface is easy to

5 Visibility o
perceive visually
6 Consistency Degree to which the interface is coherent
. D to which the interf: i
7 | Informativeness egree to which the interface provides

meaningful information

84 A Aol $UA1), BHEEE GUl

[

o 1 d AL AL o4 AR A8
EAR B ANARE AEe) EEe 218 B
A3l el 2 A7 U Agstel 188 Bk A

3(ATAEE : 44+1.619)°] PARE £ GUIZ AA=2 =
A B AT F2 2~ ﬂﬂﬂ 71 37t g
GUI®| AH8A H7P7 | =7 A58 AR H7F dEvt
of F3H Fho R Hrishs WO R(15], 27 A
IR }JOE °F 80% Xu«] GUI A}ﬁw TAHE &

BT e8abEe] 47 STAR, PUL AT 0
2 459 AAWSE A, GUI AHEH 37t A%E F
Ao wgsiel AUISHE AL, WA, PARE

o] PUIE 2VHAIZ F-Eate] AAE A=, 194 27
]/‘1% 7]7‘ i’ﬁ‘—ﬂ aEH% ks ”Eﬁoﬂ/ﬂ AAFA L
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i
Desk Depth : | Console Height :
375 mm 1200 mm
Desk Height :
710 mm
Desk Width : i :
866 mm
Top view Front view
<Figure 6> Improved Physical User Interface of Operation Console
5 - I S.E.
(n=3)
41 T
I
T I 1
I
Usability3 | T T
Score 1 I L L
®y I
35 3.75 3.83
. FE) 25 2.67 2.67
0 . . . . . . )
Visibility Efficiency Learnability Informativeness  Simplicity Consistency Error
prevention
Evaluation criterion
<Figure 7> Usability Evaluation Results of Graphic User Interface for Operation Console
ZZ2A vpeks wEek 4o 01041_1:‘]3, AAZAE B3 &
-O_I_OO Ee;l‘:v\/v\ E] E_]O"l oH w, = ><100(%) (1)
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27 HF BA =l 1200mmZ 4 E AT} <Figure =
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ARE & AP MAaHE A58

FHAo g ZAHJY AT A A= - A
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B

T

)
t

OWNSHIP ENVIRONMENT ~ MALFUNCTION SYSTEM

MISSION SELECT

TITLE
DEFAULT

SEONGMU 34 30KM
SEONGMU 34
SEONGMU 34

SEONGMU 16 10KM

NEXT

QIzhgst Ad Swel 13747
(I vl o, 44 0, 7
B7hE 9t @, GUI AHeA A

&2 i
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Arrange Missionby NO W
CONDITION
| AR
AR
ENGINEOFF

GROUND
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AR

pcer W
CHANGE
AL
POSITION N

(a) Mission Selection Display

AR A Abe] HA

74~ Wilcoxon signed-rank tests FajsfoF 3juf,

TRAINING OWNSHIP

<Figure 8> Improved Graphic User Interface of Operation Console

= iAol Juak

ENVIRONMENT ~ MALFUNCTION SYSTEM

MISSION REVISE/CREATE

FIELD

REVISE &AQ

(b) Mission Summary Display

<Table 4> Validation Results of PUI and GUI Usability for Original and Improved Console

Shapiro-Wilk 74 A4 A3 AF&A "¢ 287 AF
RS e A g Aol AYete Ao® YEht frolas 0.05901M paired
o ojs) A7 Tl e FAse] AR, riesth FAH AL

. . - Original Improved
Usability Evaluation Criterion console console t p

Desk width 4.1+0.9 42+13 -0.5 0.644

Size and Angle Desk depth 4.3+1.0 4.8+1.1 -1.7 0.104
Suitability Desk height 3.9+1.3 4.9+1.1 -39 0.001
Console height 34412 5.1£1.0 -5.7 < 0.001

Monitor angle 3.141.2 5.5+0.8 -8.0 < 0.001

Monitor visibility 2.9£1.2 5.640.8 9.2 < 0.001

PUI Usability Cockpit visibility 2.6£1.3 5.240.9 -6.3 < 0.001
Monitor reachability 4.2+14 5.60.8 -5.5 < 0.001

Ergonomic Keyboard reachability 5.0+1.2 5.4+0.8 -1.4 0.168
Suitability Button reachability 4.6+1.3 5.2+1.0 -1.8 0.096
Upper leg clearance 4.7£1.5 4.5£1.0 0.4 0.692

Lower leg clearance 4.6£1.3 43+1.1 0.9 0.386

Postural comfortness 4.6+0.9 4.8+0.9 -1.2 0.260

Objective Mission selection task completion time 18.9+6.8 14.1£5.5 3.1 0.007
measure Mission summary task completion time 47.6£7.8 21.445.7 18.2 < 0.001
Simplicity 2.240.9 4.1£0.7 -13 < 0.001
Efficiency 1.8+0.6 4.3+0.8 -9.8 < 0.001
GUI Usability Subjective Learnability 2.2+40.7 3.7+0.9 -6.9 < 0.001
measure Error prevention 2.3£1.0 4.0£0.8 -5.8 < 0.001
Visibility 2.0£1.1 3.9+1.1 -5.5 < 0.001
Consistency 2.240.7 3.840.9 -6.5 < 0.001
Informativeness 2.24+0.8 3.8+1.0 -8.4 < 0.001

M+SD.
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