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Abstract @ 4n INS is a composite navigation system providing “added value” so defined if work stations provide Multi-Function Displays(MFDs)
integrating information and functions for navigational tasks. Even though the minimum requirements for an INS are defined by IMO performance
standards, a generic list of the devices and functions that constitute an INS does not exist, so the configuration of the INS is different for each
manufacturer, and guidelines based on users’ perspectives are also insufficient. This study was conducted to enhance the usability of the INS by
analyzing the information required by users according to the ship's operating status and tasks and effectively structuring it in the MFD of the INS.
By analyzing INS-related international standards and manufacturers' component equipment lists, mandatory navigation information was selected and
card sorting tests were conducted on ship operators with experience in using MFDs to group the information required for each INS task. The results

of the study can serve as a basic guideline for manufacturers to structure information based on users’ experience when designing products.

Key Words : Card Sorting Method, User Experience, Integrated Navigation System, Multi-Function Display, Task-Oriented Display
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Fig. 1. Research methods and procedures
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Table 1+ H %xﬂ 7]%5011* L7t Y AEES F
e Aotk o] T F A o] Fe] VEel M FE R 8
Tt gl 37HA ARES Fa 4% TR gl v
Bl exen 7te A=z dgsiglon el 34
TEoE FAEAT

Table 1. Comparison of conventions and performance standard

related to INS information

Contents SOLAS MSC. MSC/
Ch.5 | 252(83) | Circ.982
Administering the route plan O O O
AtoNs reported from AIS O
BCR/BCT @)
Bearing O O O
Bridge navigational watch alarm O O O
Chart management O O
Clinometer O
COG O @) O
CPA/TCPA @) @) @)
Distance run O O O
Drafting and refining waypoint O O
Heading O O O
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Look ahead settings O O
Management of all alert related states O O
Mode and status information
Night vision O
Own-ship’s position

Past track with time marks
Propulsion data (RPM/Pitch)
Range

Rate of turn (ROT)

Reception of external sound
Relevant machinery alarms

Route safety check

Rudder angle

Safety contour settings

Safety related messages(AIS, NAVIEX)
Selected route on the chart
Sensor and source information
Set and drift

Ship’s AIS data

SOG/STW

Target CRS

Target PSN

Target SPD

Target Trails

Temperature of air and water
Thruster data(Pitch/Load)

Tidal and current data

Tine and Distance to the next waypoint
Turning radius

Under-keel Clearance (UKC) O
Weather data(Ice data)

Wheel-over and course changing point
Wind speed and direction O

(@)

(@)

0|00 |0|0
(@)

(@)

O|0|0|0|0|O0|0|0|0|0

O|0|0|0|0|0

(@)

O|0|0|0|0|0|O0|0|O0|0|0|0|0|0

0|00 |0|0

O|0|0|0|0|0|0|0

(@)

O|0|0|0|0|0|0 |0
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4.2 Popular placement & Z 1t

Table 32 UXtweak ©. 2 =% S+ Popular placement 3 &H & 3%
2 AFAde Aoltt. o] PHL SHAte ¥ HAMEV} 7t=
A =F 7t 7H|ae] 2 SRR 8.0k 124 7t=e)

el aelzt wAsHe ol SHA MES EAT 314
9o EAF AL A=st AY e g ol
EHAYES oJvid
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% Uxtweak B ovcsscomment @ wwcions Futscreen Table 2. Respondents characteristics
Factor Rank NES) %
Drafting and refining waypoint — 3rd Ofﬁcer 400
Route safety check
2" Officer 26.7
Route monitoring - Navigation control data Rank
Mode and status information P——— Chief Officer 26.7
Relevant machinery alarms I P——— I — - - Captain 6.6
Tidatend currentdite © The aviatonai sk ot —
Reception of external sound 2 CARDS. less than 3 years 40'0
Navigation status and data
CHETRE? e Working 3~5 years 31.8
Target Tris o Experience 5~10 years 334
Wind speed and direction
more than 10 years 6.6
Fig. 2. UXtweak Card sorting tool.
Table 3. Result of popular placement matrix
Contents Route planning R(‘)utf? Col.lision Navigation Navigation ‘status Alert

monitoring avoidance control data and data display management
Chart management 93.33% 3.33% 0.00% 3.33% 0.00% 0.00%
Administering the route plan 93.00% 7.00% 0.00% 0.00% 0.00% 0.00%
Route safety check 87.00% 13.00% 0.00% 0.00% 0.00% 0.00%
Drafting and refining waypoint 87.00% 13.00% 0.00% 0.00% 0.00% 0.00%
Safety contour settings 67.00% 23.00% 0.00% 3.00% 0.00% 7.00%
Safety related messages (ALS, NAVIEX) 43.33% 13.33% 0.00% 13.33% 23.33% 6.67%
Under-keel Clearance (UKC) 37.00% 23.00% 0.00% 3.00% 20.00% 17.00%
Selected route on the chart 23.00% 70.00% 0.00% 0.00% 7.00% 0.00%
Distance run 10.00% 67.00% 3.00% 13.00% 7.00% 0.00%
Time and Distance to the next waypoint 10.00% 67.00% 0.00% 10.00% 13.00% 0.00%
Own-ship’s position 3.00% 60.00% 0.00% 10.00% 27.00% 0.00%
Past track with time marks 3.00% 57.00% 0.00% 13.00% 27.00% 0.00%
Look ahead settings 13.33% 50.00% 3.33% 10.00% 3.33% 20.00%
CPA/TCPA 0.00% 0.00% 100.00% 0.00% 0.00% 0.00%
Range 0.00% 0.00% 100.00% 0.00% 0.00% 0.00%
Bearing 0.00% 0.00% 97.00% 0.00% 0.00% 3.00%
Target SPD 3.00% 0.00% 97.00% 0.00% 0.00% 0.00%
Target CRS 0.00% 0.00% 93.33% 3.33% 3.33% 0.00%
Target HDG 0.00% 0.00% 93.00% 0.00% 7.00% 0.00%
Target PSN 0.00% 7.00% 90.00% 0.00% 3.00% 0.00%
Target ROT 0.00% 0.00% 87.00% 3.00% 10.00% 0.00%
Target Navigational Status 3.33% 6.67% 83.33% 3.33% 3.33% 0.00%
Target Identification 0.00% 0.00% 80.00% 3.00% 17.00% 0.00%
Target Trails 3.33% 13.33% 80.00% 3.33% 0.00% 0.00%
Thruster data(Pitch/Load) 3.33% 0.00% 0.00% 70.00% 23.33% 3.33%
Rate of turn (ROT) 7.00% 10.00% 10.00% 50.00% 23.00% 0.00%
Rudder angle 0.00% 13.33% 3.33% 50.00% 30.00% 3.33%
Wind speed and direction 3.00% 7.00% 0.00% 7.00% 83.00% 0.00%
Navigation status monitoring 0.00% 20.00% 0.00% 13.00% 67.00% 0.00%
Ship’s AIS data 3.00% 13.00% 0.00% 17.00% 67.00% 0.00%
Sensor and data source 3.33% 3.33% 0.00% 23.33% 66.67% 3.33%
Ship’s measured motion data 0.00% 0.00% 0.00% 30.00% 63.00% 7.00%
Pitch and roll information 3.00% 7.00% 0.00% 37.00% 53.00% 0.00%
Propulsion data (RPM/Pitch) 7.00% 0.00% 0.00% 40.00% 53.00% 0.00%
SOG/STW 6.67% 20.00% 6.67% 20.00% 46.67% 0.00%
Heading 0.00% 23.00% 17.00% 20.00% 40.00% 0.00%
COG 3.00% 27.00% 10.00% 23.00% 37.00% 0.00%
Relevant machinery alarms 0.00% 0.00% 0.00% 0.00% 3.00% 97.00%
Management of all alert related states 0.00% 3.00% 0.00% 3.00% 7.00% 87.00%
Bridge navigational watch alarmg 0.00% 6.67% 0.00% 6.67% 10.00% 76.67%
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Table 39] = dotell= G2 Ag el wgk 77H] ARE
o] gz 9 | & ‘Administering the route plan’ 3 ¥+
93 %2] &ALl o8] 7= UL, ‘Under-keel Clearance(UKC)Y
T 37%2] SR 93] ERFEHATL

G2 A 2FoE “Selected route on the chart’ S
67HA A B7F 50~70 %2] & HAFl ofel &7 A

ZE Fy 120 BHd B 11717 AR So] Ly
Rom 1F Wl ARE0] BF 80% ool SEAtel s
fvEl 21}, o] = ‘CPA/TCPA’9} ‘Range’™ 100 %2 3w}

o FoE dUeS & F Utk

‘%PEH Aol dolE’ &&= ‘Thruster data(Pitch/Load)’ &
37HA BRI 50~70 % o] de] SRkl os T E AT

g} ”ﬂ} 2 o]g ZAP FEo| &= Ao gk bR
o] e, FHFTE, 73 AH, B Fol 242} 37-83%2]
Al o8 W ATh

‘741 B2’ gEoli= ‘Bridge navigational watch alarm’ 5 3
7HA ZHETE 70% o174 SRl o3 EiE Ak

0] 53

pud

4.3 © = = 1% (Dendrogram)

Fig. 3& #7MAE9 &9 235 W= 2 13 (Dendrogram)
°2 Yehd Aot WA 7= A=l YEo| BAH
1 AN EC] HEE FEoR IFE3 A ue) g

2, g =T dEEe] glow Jl=
= ol YSol " 77 yepbdtt XSl 7t
Adl=5o] ¥For aFstd WErt #3555 77he 9

Al A E = 34 B9 44 DrhRighi et al.,

Flg 3 atetell= = 3|9 B 117HA] AR Yy
o] 2t} o] Z ‘Range’$} ‘CPA/TCPA’E 1.09] A33A1ZS 2t
1ou:] U x] ARE sk A5 7k 0.8 o] A3t
AL b= s & F Atk = B2 AT = 39
3 117HA] ARE IFstee A dis sogths ofn
oltﬁ ‘i% 39 4% Fq Al o]F JRE stte] MFDO]
Q3= Aol

T&el= ﬂi AP, &sl Ao
dlolg AP X*E?ﬂ R SIPS A=
o= veht Q. o]F 259 ARES vt A
ol 2F £92 ER7Eel A= dE
2 ZEADP, <3l Alo] vlolE, ‘el AdE] B HolE EA 1
9 127F4 ARE] el 2+2t 0.43~0.639] M]3 9]
AHdS Za gk ol k= K -"4 FHBATO R =

ANg 54 2§ BRehs Ao e Y A
3

al

m1m »

r

1:1:]0

=

ool= 77HA AR YERY gl

Route safety check
Administering the route plan :_l_l
Chart

Drafting and refining waypoint ]
Safety contour settings

® Route planning

¥ Route monitoring

Safety related messages(AIS, NAVTEX)
Under-keel Clearance (UKC)

Navigation control data

Selected route on the chan

Navigation status and data display

Time and Distance to the next wayp
Own-ship’s Position
Past track with time marks
Distance run
Look ahead settings

® Alert management

Rate of Turn (ROT)

= Collision avoidance

Rudder angle

Propulsion data (RPM/Pitch)

Pitch and roll information

Load/stage of Thruster

‘Wind speed and direction
Ship’s AIS data
Navigation status monitoring

Sensor and data source
Ship’s measured motion data

SOG/STW

Heading
COG

Relevant machinery alarms }
Management of all alert related states

Bridge navigational watch alarm

Range
CPA/TCPA I
Target SPD

Bearing
Target HDG

Target PSN
Target Course
Target Navigational Status |

Target Trails ]

Target Identification I
Target ROT

T
1.00 =100% Agreement 0.80

T T T
0.60 0.40 0.20 0.00

Fig. 3. Analysis results expressed as dendrogram
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% ‘Route safety check’, ‘Administering the route plan’ 5 57}%]
AR 08 oo A#AAAE 7MA| AR, <Safety related
messages(AIS, NAVTEX), *Under-keel Clearance(UKC)’= 4 Htol]
ZvAE Ao R EREh

‘4R P 25T ‘Relevant machinery alarms’
AEI7F 0.7 o] AAAAE JHHH EFEA.

il

s 3714

4.4 2 H{X| 7[&E HA
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Table 4. Proposal of information structure layout for INS MFD

Task Contents P(%) D
Chart management 87 0.93
Administering the route plan 93 0.86

pllz g‘;}ig Route safety check 93 0.8
Drafting and refining waypoint 87 0.66

Safety contour settings 67 0.5

Selected route on the chart 70 0.56

Distance run 67 0.5

Route Time and Distance to the next waypoint 60 0.73
monitoring | Own-ship’s Position 57 0.63
Past track with time marks 67 0.4

Look ahead settings 50 0.16

CPA/TCPA 100 1.0

Range 100 0.96

Bearing 97 0.93

Target SPD 97 0.93

o Target Course 93 0.9
aCV‘(’)lll(;Zf; Target HDG 90 | 093
Target PSN 93 0.83

Target ROT 83 0.83

Target Navigational Status 80 0.83

Target Identification 80 0.73

Target Trails 87 0.83

Thruster data(Pitch/Load) 50 0.53

o Rate of Turn (ROT) 50 0.53
cﬁ;::()glat(lj(;?a Rudder angle 53 0.56
Pitch and roll information 53 0.5

Propulsion data (RPM/Pitch) 70 0.26

Wind speed and direction 83 0.8

Navigation status monitoring 57 0.66

Navigation Ship’s AIS data 67 0.46
status and Sensor and data source 57 0.4
data display Ship’s measured motion data 83 0.46
Heading 40 0.63

COG 37 0.63

Relevant machinery alarms 97 0.86

manl:lgi:rr;ent Management of all alert related states 87 0.76
Bridge navigational watch alarm 77 0.76
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