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Optimization of Seat Assignment for a
Passenger Aircraft

Hua-An Lu, Po-Ching Lee

ABSTRACT

Passenger seat arrangement is a necessary task to be completed before flight
departure for airlines. In the currently practical operations of passenger check-in, the
seat assigned results can only satisfy less condition for passenger demands. This study
assume that the satisfaction levels of passenger selecting seats focus on seat location,
such as aisle or window seats, and characteristics of neighbored passengers, such as
ages and figures. Thus, this seat assignment problem can be formulated as a quadratic
programming (QP) model. A genetic algorithm (GA) is designed to solve this problem.
The solving performance is good in small-scale instances to compare with the
innumerate algorithm. The performance of the designed GA to apply to the
experimental cases is also reasonable.

Keywords: Passenger aircraft, Seat assignment, Passenger satisfaction,
Quadratic programming (QP), Genetic algorithm (GA)
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A Study of Passport Inspection Service Quality
and Satisfaction of the National Immigration
Agency Ministry of the Interior : The Case of

Keelung Port Brigade Border Affairs Corps

Yung-An Lin, Yuh-Ling Su, Ming-Chung L.ii

ABSTRACT

In order to improve the impression of the public sector, the government asked
every department to provide high standard service quality, intending to make the
public satisfied and to build a better image. The purpose of the study was to assess the
essence and the present status of service quality the Keelung Port Brigade, Border
Affairs Corps of National Immigration Agency provided during passport inspection to,
specifically, passengers of SuperStar Aquarius, Star Cruise. Through the matrix
analysis of importance - satisfaction, the study concluded 8 aspects of service quality
that National Immigration Agency needs to improve in priority. These are
“Immigration officers would help passengers with any kind of problems they
encountered with enthusiasm”; “Immigration officers are spontaneous to offer
assistance or service”; “Immigration officers would be able to complete the assistance
or service they promised to provide to passengers within a certain amount of time”;
“Immigration officers would be able to present “passenger’s benefit first” attitude”;
“Immigration officers could listen to passengers with patience and understand their
needs”; “Immigration officers could explain to passengers how to solve problems
patiently”; “The waiting time in queue passengers need to spend for passport
inspection”; and “National Immigration Agency builds a set of standard operation

procedure (SOP) or related regulations for conducting entry and exit affairs”.

Keywords: Service quality, Level of satisfaction, National Immigration Agency,
Passport inspection
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‘“ﬁh TOPSIS j2 - B F A o™ o
#HH - ¢ R4 E L A1 (Normalization)

LR DD RN R R E - RPAT R RP A ERE D
RCEARBED RS F AR GF L P E 2 5 F & TOPSIS 3
AR AR L IR
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GEREY LTS - B

£ X i=12, M =12 K R A S B R A - K E ) RIERERT

F_k

ij ?
\:‘_ /*E‘H&FI_I\? ]E' o X !’\ d |=1,2,,n,J:l,2,,k,é leifﬂ?%&liéf‘g‘

ij ?

B A LB B

.- ' 2)

OB PEE 5 iR B2 AR EGTR B
ry AR08 edp R ki

>
Az

g PRk 2 Bk

%
HAmo EP BB R(AT)E LR R(A)
wOTETT =12 kAN AR BB EEfRREE P
(1) e BERCE R
Aj*=m§x{rij},
Aj‘:m?x{rij}
(2) #§ » ERI(>ARA]

Aj= max {rij }’

Aj_:m?X{rij}
TR IEEATS(ALA LA LLLA)
FEREEAS(ALA L LALLLA)
HARZFE L R R ERARRR(S))R LR fRER(S) -
EWp =120 K B AEG R L AL RIS S iR A

Y1 B IR AR AT BEEES ¥ S,V oA W A A

\/Zk:( — W, A+ i=12,..,n (3)

Si_:\/zk:(wj i —W, AJ._)2 i=12,..,n (4)

48



ik E ¢ g FTOPSIS 3% i dug Poif bk 7 P58 B i i B 05

HIE P E A AR 2R (C)

. S’
C = ' 5
'S +S] ©)

0<C; <1 i=12..,n

14

H AT R k(R R E)F g A (outranking)

Ry e 4718 2 Cloehx | » TP s &> X FiHF %2 TR B4
I AT Rl g F o TOPSIS # "1 32 {22 Ap$HiTinE | 7 i3 k7
R PEAER TR AL - S RIERT T EEERT - X JEf EEEL

SR 1 Y €3 S N if 8 €3 & RS S

34 Hk & £ 2%

ok B &£ 323 5 Zadeh(1965)#74]:¢ » 8 4% 035 7 * AR TP o hik iRz B
KA o @ Dubois & Prade #1978 # #i3% 1 ik dic 3 iE B2 ) > a0 § pR ik
LR R 2T A AT @6 o AR LK
(triangular fuzzy number) T 5 v F B2 Bk BI R & > BB RETER Ik Z ik
FrEim B A G AR T TR R e T ﬁ“‘ < g H
2R LR B B oA 0 (- BB AR o
1L R # 6

KX E-BFEFOELFAHE X Z3E (universe) o HE & 5 & X

~E

et X 5[01] Ao B8 AS{X FL(0) xe X[ AEE X 1 i B
& (fuzzysubset) > f,(X)# % x % A 4 & (grade of membership) > f, 31 A
2% & S #ic (membership function) » faX) 4~ %7 X B3 A2 ARR R
2. = &R K

#-# #ic A (Dubois and Prade, 1978; Laarhoven, 1983) £_4 #cst (real line) R
ik B L o FF - WA U A Sk R o [0,1]4e(6) 1w Rl
o Bcs = & o
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EEE SN L

X—C
—— , c<x<a
a—c
- 6
L0=] 5~ asxsd (6)
0 , otherwise

= ARk B A (C, a d)E 2 0 —co<c<asd<oo 0 = A HMEA Lfdka
i gcadpRr o Ti@=l-virime Rz kva@d@ -Tc,fod, 237
BFRPT Rt Boo F T % kF TR TR ik 4 (fuzziness) - % F [c, d]
B0 PIETAHZ RS CHAEGS ) F 2 RIAHCRPIEGS #7Y 2 4
HAP B S 3R AL A MO R T TR B H AR Y e T 1
¥% £ /% P (extension principle) (Zadeh, 1965) - = e & i = & A ik Boenfichd 4o i
O friichiriz O B E= &Moo R HoR R @ frliclp g2 O > WiT iz &7
e dc o
3. = & R B

SfRRE2  oni g ff B4 A2 #FH T Chen & Hsieh(2000)+7# 1 2 2
R L ¥af A 4 % (graded mean integration reprsentation method) iz # g & % 2 £

Bikdp o BX = &80 A=(c,a, d) PlRIpHHR T, 842 > = 47

*3—%“@2/\ }i_l ijﬁ%/»\ K&k E o R(A) 32 5%
c+4a+d
"B = — @)

RIHST) N B2 £ PR ET L E A E Nk a o fF
WM AR R RAN B AR ETA S W oo
4 vFE

v 3% % #(linguistic variable) s P & R~ HEAF FR R S IR E K 0 U R T R
BRI R R RIE Y AP o T REA - BES F
#13 hp 2R & 4 1 3% 7 (Dubois 1978, Yager 1978, Zadeh 1976 )  t4c » T3 & & |
F-rZ8 v dvrEaziiicE o Mdcb ¥ L VX ¢ B 43 24T e
VRO R e TR A e A Y 2 Ak BimiaL g o
o FEaaty £ (0003) £: (0,0305) 0 ® %: (0.2,050.8) > 4

(0.5,0.7,1) » 24 45: (0.7,1,1) -
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ik E ¢ g FTOPSIS 3% i dug Poif bk 7 P58 B i i B 05

3.5 Fuzzy TOPSIS-3=135 p£ 7 B 38 & 4 30§ i50

S TN E R § 78 R NI

%

S AR I IR TR LS o
e dn PR E o RAAPM A F 2 G 4 o AR AP b o

k% 41 Fuzzy TOPSIS %™ be 3 518 b if i B fisS H ) Bdo ™
HEL P E e R IR A R
LL A e ¥ (DHL ~ UPS - FedEX) % »cig e & = & Hps i
ﬁ%3:&*4ﬁlhmtﬁﬂ P a7 EE A RN oo s o
%38 4: 11 FTOPSIS = 23 (74 A o

-2 AR

P R AR TR L R A ST A v e g dng Pl R s
Z I BRI Ao Bl LA 0 2k SR 2 A ] 2 4 o R
Ry R GER L APM Y o B Ak R S WA R T T ok
ﬁa,jgﬁgﬁﬁ%ww%1&%%éﬁin%%§’Pﬁﬂﬁi%@%

FE 7 B A B 5N L#ﬂ%ﬂ-&r%\ T S
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ik L

D e * FTOPSIS 3= 47 Pif ¥ 2

#5 % L TR
* R FE %‘ﬁﬁﬁﬁﬁﬁﬁ%#pmq%ﬁ#$im%§
CHIRBE LY i TR E gy
BEIHEEF Y B LR LHEE) FHE S e L ¥
B
PEYEBGERFIFRAE Y (2 SR I RSB B R g
s A A A R AR
BpPos iz biE BR Y i @RS Ay PR E S AP
e RN S5 1 P s SHE S S 1 i PILE S An
S A RPN ST P R BT g;% ki BHE T M g L E
N
e . P i B MR 4 RE § | A g PR E Y A
ESTE S SV EE R S I ] g +4p 7 E B £
BAF BT FH P g Lt A A PR
RE % PRAY S A @T%Fﬁﬁﬁﬁxﬁg;ﬁifw}L¢$¢\j\m§fgg
AR A BB A g Pl E S AR

TR $ A

L e e el S S AT A 2

PR

LR s L

BB 7 B I A sk R AL e T
By

I e i e #ﬁi%@ﬁs?lfﬁﬁ*

RPN BHE G5 3P i B3 BRI 2

g
g

EE Y SU SRS
i

HEH

HP s B HE T TR A T BnpR B AL e

Mok g o

R EPRIEPER

PRASRE E crps

R R P v pr Wk T PR EST S 2ok i R

@ l?qlfﬂ?@—w—%ﬂ ’}?‘i‘ii?ﬁ lvq lfi%ﬁ}f}@‘”#ﬂ % “g:‘:%.’ m_}g;,fg_@

F‘x‘ém@ﬁﬁﬁfﬁ M*f’f‘- %mﬂé’rﬁ&éf%# I:'z r,i,"g’ggs

s 2E BREEY ST RRHF ST O

KFLIwBEPP TR g’i&r@ briwsip R i n 5 g
il

R e B F P o BiE g kT AR R
K 9 FE#R & ¥ I Py

CEERIRE R v g [ PEICEEREIRSR LT oT ARG ST
mg,,&

BP a1 0 s e FRIPN W3S 31 p e 7 LR 5 s F e

Lr iy

Boend 831 B R dp LI
;3

FEP eh S HE
g

Y TS LN Y I

BB E-Lo @ garivE4E

S T TS SR AT T

E;
REEiiadft ¢ ‘ ’
i}; hvid ﬁ = fu R pvh D 2 ﬁ‘vq r/i;fg TR W%ﬁ‘mg zgg

i

dptk &

¥ E IR

B iR o P

ik

AR pE 2 P

17 H RIS T {0 S R

RPIFEEF O RS

zﬁﬁﬁé‘i %r;}»;'i ?Fii\;‘g"%' v '\":?tg‘i\!"};‘ i rr?ffmﬁi

P e T

i Lk

BN 48353 P oene {83 BL g

B £ ﬁ&}%:%%}f“ HP o W’E'Tm

2288
R
Pz 33 R R 4y LB HP e S R SR R R R
Fex g 5
P s TR & O & PR
AR I L i et T i I e e




mﬁ#gkdﬂ@dﬁﬁﬁ%f AR R I 0 AT R IR )
PP @ v £ 1 |REEE2 2§ iv L ni JI - sl g B
B R p ek feiE il R 2D P ehk feiE i JIE s R R
T AT F BT R 4 ff@"#vﬁ RS =2
- A2 T | VR BT i Rl ik Kok et 5 A
ERALIP R HRBIRE (B ORGSR PR R B P PR R
¢ E i [ 5B IRIE ,ﬁr«%?‘% § &y b B g 2 REL IR
DHL * R 3| Fpic | FRAx DHL * fALA 5% = 45 2% B |
UPS * B | Fpfc i PR+ UPS * B A FI%E % 4p 23 B i
T o Bt sk Rk BT ER
¢ 5 P BEIRE Lo 5 BRI P R
B g 3P et A B IR ARG 4 ~V"#P&1%%45m“mk%mﬁ
- B g 1 s (T LRI Bp P 1 e it E 2 JRFF
j;" Fh R AT R e ER Fg pe 1 S (T E R e JRARZ A B
*“#r—érwmz» R A G TE R 2 IRAE
LR AR TEE A BRI G 2 A R T E R ORI R
FITES T Fesz 2og gy 705 2 B £ FIRT
BLE & PR R iy P 2% > 2 PRI
ST e (2 (R0 RAR Fo B P R 2 PRI

g fEEF BB o B A R ER e

WER P2 EA 24 RIS ) D
e o i ECH A PRI

42 FfiiE %
A~ 2 495 4 ket & 47 (Grey Statistics Analysis)i i& (7 4y By E 1 T BHIF N
RS iefE  SREBFELHBEIALFI BT A, 3T BRECEEY

FERCIER CHUERAFER)FHE RIS RESG Y P RS

AR EF g T G oo BERF N0 o B EEw L] o F oo e

»

34% o BB R AR 2P o H s BRI R R A Ao £ 49T o kg S AT
2 R EGERR AR ARES S R PN LR 241 87
ﬁ;ﬁﬁﬁ@??bﬁﬁiijﬁ%ﬁl4* Ed AR E OB LT FM A B
L ER A F ERBEANT L FEP > & HE S g ibdc 25977 o

&%%56%%»&**%&@mg B AN oRdp iR 390 0 AR R G b g
MRS kR 49 ARG ¢ BE M kR 1007 AR
B EE R i iR 39 5 RIS i M iRy 1298 o
H3 B2 M4 R E BRI o HH B2t R 5 260.250 £ 1 £ AR R 12
L% E R A B S e o f P L TR E -

W

4
q;“,
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ik 0 g FTOPSIS =i #ug i ¥ 12 2

24 B ERABEA

28 L ¥ 24

R Fﬁﬁﬁﬁ%ﬁﬁ GRS

i%?lcf‘[:bt’k § ]L?:!d = e ‘g "F.' B El’ﬂ:?;(%}%

HrPpHF PHELFREL Y I

HRpHAE REFEEEL RS

I%’Eﬁii}i‘l‘ T4 ﬂ?’ﬁlw 941@?’%;}%

CARRELRRE G PARHEEERG [
l% ’loﬁ’l;}i‘j g f‘?ﬁ = /n ? ﬂ/, Eégkj}—i
REFE S IR E3
DHL S0 Femd w30
AR E R LG LD P S n e p——

ik
AR RIRE @A a7 %ﬁmﬁ ¥ 5
AR RIFER L 2P S -

Kl
FARBER LG AP ﬁggww Ha
FARRPERKF G AP % AE RN z

14
FAARBER LG AP AT i g
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AEREY LT LT -

ik # 25 EEPLEREE| BEE
CR S B R C 8.25 0.0317
RO REIREEF : B3 C, 75 0.0288
FIPM 31 P o 8538 % C, 8.25 0.0317
FIP 33 0 che 58T C, 7 0.0269
o |P PR ST T 4 REERPER C, 8 0.0307
REE PRFRPERE C, 8 0.0307
R @ (T2 pEFC, 8 0.0307
RPIFHELY o7 HAC, 75 0.0288
PEERG BB ER Y T RAC, 9 0.0346
BPM 33 0 he 57 1R Cy 7 0.0269
Poef 33 R L dp T8V & Cy 8 0.0307
= R %Ry o @ e TEf TR C, 7 0.0269
Rl @ ArEiv £ 23R Cpy 7.5 0.0288
B iR o 7 45 B AR R 5 Cyy 7 0.0269
REI®RBER? o BEBFC, 8.25 0.0317
BRP g ks C 8.25 0.0317
Py W31 E 4 %;;ﬂ@%ﬁ 7 0.0269
g 3P e BT 3,@@(:18 9 0.0346
B e 3 3 p et e it @ 111.Cy 75 0.0288
T AIE FRESZ R 4 Cy 8.25 0.0317
2 FICAUE BT p Py BEPRAE Cyy 9 0.0346
¥ OEE R 5 8RR A5 C,, 8 0.0307
DHL + B 31 /Hc f IR4%Cyy 9 0.0346
UPS * R 3| ipfz b IR4%C,, 9.75 0.0375
PRFH
sZ 3P ehk E PRI 4 Cy 75 0.0288
g de 1 e T E PRI C26 8.25 0.0317
g e A T 2 v e R 9 0.0346
C27
9 0.0346

e ;}7’ i ﬁ lpE] ) C28
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ik E ¢ g FTOPSIS 3% i dug Poif bk 7 P58 B i i B 05

ARG P BB RS T e BIRAE Cyg 8.25 0.0317

s % 2 R5Cy 9.75 0.0375

fg A iR PRI Cyy 8.25 0.0317

TPERLL P i i B 39 IR Cy, 8.25 0.0317
#BE B 260.25 1

4.4 %3 &4 Pk F (DHL ~ UPS ~ FedEx) »c 4 & = & Hopo dick 4 o 1

11 Zadeh(1965)#7 4] chficks f & IemPr= & il T E R £ S={W
A~EZ P E 2 S={B AR - ¢ RApM C MAEAK - =274
MY FESHE2rFEIFHAT LEF D AL FLER - A EFHTFEL
#22% £:(0,003)- £:(0,03,05) ¢ %:(0.2,05,0.8) » 4+: (0.5,0.7,1) » Z-F 4+:
(0.7,1,1) - 41 * Chen & Hsieh(2000)#73% & 2 & & T 324 » £ ;2 (graded
mean integration reprsentation method) #:™iE = %k 2 BB R g o Jput 0 K= &
Heid 58 (7)<F£f—r“ Hok 14 (4o % 6) °
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46 EuT PR YA T BHE ﬁxixiﬁxﬁ_\fﬁ_%g;u ki

H B rxipn e F R
H DHL UPS FedEx
LR 7 Fﬂ'ﬂ fEs C 1.6667 1.5639 1.55
L | Epawsgpe sy C, 1.5889 1.4361 1.4861
BIp 31 p e s 3 C, 1.6278 1.6278 1.3583
. RPN 53 0 o pgappr C, 1.6278 1.6417 1.5639
Dol paE i mshreEnmer G 1.6667 1.7056 15
B | gpzmame C, 1.7444 1.6667 1.4861
Bt psmictpe C, 1.6667 1.5778 1.4611
REFLIRBENY TR C8 1.6667 1.525 1.3583
PEEMpI R o7 ia C, 1.6278 1.525 1.4861
Bp 33 p o 37 i Cp 1.6667 1.6028 1.3972
P gtk e ge 1 Cy 1.7444 15 1.3972
| mempga o kg Cp 1.7056 1.5639 1.4611
Fol mepto e prerzmpan Cy, 1.6667 1.4861 1.5639
B9 PR P 35 B R RS C14 1.7056 1.4611 1.6278
R IR T . T O 1.6667 1.525 1.4861
PR s T o 1.6667 1.525 1.4861
P W31 b e g ket Cp 1.7056 1.6667 1.4861
5 Fy i op o aie 2Chy 1.6278 1.525 1.6278
B | AREF R R Cis 1.6667 1.6278 1.5639
ke F R g dei 4 Coy 1.6667 1525 1.4861
2 R AIF o § g meras Cyy 1.7444 1.6028 1525
¢ Eargoye s C,, 1.7056 1.5639 1.4361
DHL + R | Rpic f 1Rix Cpy 1.6278 1.5889 1.4611
UPS * R 3| e b irix C,, 1.5889 1.6278 1.4222
S 3P gt BRI C25 1.6667 1.6278 1.4222
R | Az gk g i ¥R Cyg 1.6278 1.4222 1.4222
g | RS ERAITE L R R 1.5889 1.4861 1.3972
C27
s b g eeorgs Cog 1.6278 1.4222 1.4222
wu i s i E e i mRTE Cog 1.6667 1.55 1.3972
i % 2 Ras Cy 1.6278 1.5889 1.4861
s g it g rar Cgy 1.7056 1.4861 1.4861
1.7056 1.6278 155

TR 4 i gk 3 100 Cop
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4.5 12 FTOPSIS # 227 £ 5 o

Liads@a e 2 FRE it (Wi 7) He ik iRE
Lo

2.3 Fapp  pap e s AR 2L HoE (e 8)

3ME Sk Rk M EARL L RBELC L@ JIT BB AY

Ehp g Ao J1* 58305845585 B ALA2 A3 R R EE E L(4ck 9) o

G

27 By R ER T BE AR o (R H )
ip 1
> % i C, | C | C | C |G | C|C | G| G | CypilCy
|\/|1 1.6667|1.5889 |1.6278|1.6278 |1.6667 |1.7444|1.6667 |1.6667 |1.6278|1.6667 |1.7444
|\/|2 1.5639|1.4361|1.6278|1.6417|1.7056|1.6667|1.5778|1.5250|1.5250|1.6028 | 1.5000
M3 1.5500|1.4861|1.3583|1.5639|1.5000|1.4861|1.4611|1.3583|1.4861|1.3972|1.3972
,3,‘?.;fr' 4.7806|4.5111|4.6139|4.8333|4.8722|4.8972|4.7056 | 4.5500 | 4.6389 | 4.6667 |4.6417
it
X § Cpp | Cis | Gy | Cis | Cie | Gy | Cig | Cip | Coo | Cyy | Cyy
Ml 1.7056 | 1.6667 | 1.7056 | 1.6667 | 1.6667 | 1.7056 | 1.6278 | 1.6667 | 1.6667 | 1.7444|1.7056
|\/|2 1.5639|1.4861|1.4611|1.5250|1.5250|1.6667 |1.5250|1.6278|1.5250|1.6028 | 1.5639
Ms 1.4611]1.5639|1.6278|1.4861|1.4861|1.4861|1.6278|1.5639|1.4861|1.5250|1.4361
ﬁ‘g‘fr 4.7306|4.7167|4.7944|4.6778 |4.6778 | 4.8583 | 4.7806 | 4.8583 | 4.6778 | 4.8722 | 4.7056
it
S % § Cos | Co | Cas | Co6 | Cor | G | Cpo | Coo | Gy | Gy
M, 1.6278]1.5889|1.6667|1.6278|1.5889|1.6278|1.6667 |1.6278|1.7056 | 1.7056
M2 1.5889|1.6278 |1.6278|1.4222|1.4861|1.4222|1.5500|1.5889|1.4861|1.6278
Ms 1.4611|1.4222|1.4222|1.4222|1.3972|1.4222|1.3972|1.4861|1.4861 | 1.5500
i‘&‘fr’ 4.6778|4.6389|4.7167 |4.4722|4.4722 |4.47224.6139 |4.7028 | 4.6778 | 4.8833

(M, : DHL > M, : UPS > M, : FedEx)
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8 Pl ERm I BE A BAGSE R 2 BotE
ip ¥
> X i C, | C | C | C | C | C |C|C | G |CpCyy
|\/|1 0.3486|0.35220.3528 | 0.3368 | 0.3421 | 0.3562 | 0.3542 | 0.3663 | 0.3509 | 0.3571 | 0.3758
M2 0.3271]0.3183|0.3528 | 0.3397 | 0.3501 | 0.3403 | 0.3353 | 0.3352| 0.3287 | 0.3435| 0.3232
M3 0.324210.329410.2944 10.3236 | 0.3079 | 0.3035 | 0.3105 | 0.2985| 0.3204 | 0.2994 | 0.3010
ip ¥
> % nr C, |C |G |C, |C | C | C | C | C |Cyp|Cpy
|\/|1 0.3605|0.3534|0.3557 | 0.3563 | 0.3563 | 0.3511 | 0.3405|0.3431| 0.3563 | 0.3580 | 0.3625
|\/|2 0.3306|0.3151|0.3048 | 0.3260 | 0.3260 | 0.3431|0.3190|0.3350| 0.3260 | 0.3290 | 0.3323
|\/|3 0.3089|0.33160.3395|0.3177|0.3177|0.3059 | 0.3405|0.3219|0.3177 | 0.3130 | 0.3052
ip
3 & i Cas | Cou | Cos | Coe | Cpr | Cope | Coo | Cyp | Cyy | Gy
M, 0.3480|0.3425|0.3534 | 0.3640 | 0.3553 | 0.3640 | 0.3612 | 0.3461 | 0.3646 | 0.3493
|\/|2 0.3397|0.3509|0.3451|0.3180{0.3323 |0.3180|0.3359|0.3379|0.3177 | 0.3333
M, 0.3124|0.3066|0.3015|0.3180|0.3124 | 0.3180|0.3028 | 0.3160| 0.3177 |0.3174
9. FF RVRE T BE N B e L
<% HA & B
. 0.049390 1
2 0.517696 2
, 0.852958 3
3 .
I~ BRELEA
RS 2ZHERZ A
TLFE R R M WA BRI R A Y
FTOPSIS = /2 ki o #-F bt H 252 7R 5 > 5 0 & & o Bt - 2

FRAGE S PR EER IR

g4 9
DHL #2455 s 42 & v >

“7  DHL & 4ng Pl $ 14
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ik E ¢ g FTOPSIS 3% i dug Poif bk 7 P58 B i i B 05

B S BRI YREL B - 23 P A UPS &7 > 7 fl42f & 70 & DHL
A FRA- ML FEFEIPFIREHEEF NS > FedEx &9 Edtyc s
T LA S g 4 P 2 » 43 A A I I -

5.2 L 5 A 7

# 10 % DHL ~ UPS ~ FedEx Pt 3 9338 B i i Ba 5% SWOT #4 st » 17 4
R E N L
1. DHL

ARIMRES G BRAR AKEIRDER RERE P LT

C R ER S P AT AR S g 1 G PRAR - WAL i i A 3

PRAr o a HApHBE e FI RFIFEE NI w8 Y g b 2R ivE 2 b
BOEPRTE AIRNIRBE G R 0 A R E P A IR BT AR P e
WH LA E A RS S PRIR AP B P s BHEEER
2. UPS

BPNRIREC 6 BE LR & UPS 4R BIRPT B IR » TR B g
AFMRAE G B ARES A de g g P R (PR RIE S G P D P s
TR RMIER G > LR P ERP BT P e BHER BN 51
E g B~ P e 483 @%ﬁi&@ﬁ%@:@%ﬂ%é%ﬁé%

i+ B BRI o
3. FedEx
BPIRREC G BRI RS PRI P ERT R G A
FHF g r R e R AR R LR E s D

Poop feid 04 S PRIk p RPN BT P o BEY o
F
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i PR B R 4 20 R

EB A AT SWOT S T
.Sl_}\ ﬁ il“ﬁ_‘k %r@gﬁ’ 'SI'EE%PK%B??E.’“ .S] A ﬁ t. }?_J._,l( %“@.%a,
©S2-4F % PRAFPE 0S2-UPS 4 f FIiHic | |S2-B % pih 2 7 4 ik 17
OS3-W M-y o P v T PR3 #%u TR
FRE ©S3- T AL b 4+ 1% f Hi_|@S3-B M BiE 2 P 4T B R
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Applying fuzzy TOPSIS to evaluate the optimal
channel mode of Land-Air transport for
Air-Express industry"

Lin, Shu-Chen

ABSTRACT

With the changing times, the global logistics supply chain has entered the era of
the supply chain, and China's rapid economic development in Asia play in the
cross-border trade and economic role becomes very important. According to the Civil
Aeronautics Administration, MOTC (2014) reported the top three are the Asia-Pacific
air cargo airport, show the Asia-Pacific air cargo transport airport is an important hub.
So air cargo transporters grasp of foreign goods on the market, internal control access
transport mode itself is very important. Based on this, how to assess the Land-Air
transport of the Air express industry optimal path model. This is an important issue of
this paper.

To achieve this purpose, First through Practice survey, Land -Air transport path
of the Air express industry performance indicators, the use of the Gray Statistical
Analysis method screening key indicators. Following, the construction of the Air
express industry, Land-Air transport channel performance model. In addition to the
three international Air express(DHL -~ UPS -~ FedEx), for example, Fuzzy TOPSIS
analysis to assess the optimal channel mode of Land -Air transport of the Air express
industry. Finally, based on the results of the study the managerial implications
analysis, provide follow-up the formulation of policy reference.

Keywords: Air express industry, Land-Air transport, Gray Statistical Analysis
method, Fuzzy TOPSIS analysis
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Prioritization of Cruise Tourism and Gender
Differences based on Maslow’s theory

Chen, Shiou-Yu

ABSTRACT

Cruises were transport and trade functions; however, with the evolution of the
times, the multiple functions of cruises are getting more and more important. In the
past, cruises tended to play the role of industrial and business functions, as well as
national defense capabilities, nevertheless, people's add more expectations for cruises
nowadays that are recreation functions. Tourism industry develops more and more
prosperously in the same time, cruise tourism should become diversely and
internationally. Therefore, economic prosperity of coast tourism happen where cruises
stop, but also promote and stimulate the whole national economy development.
Cruises should gradually strengthen the functions of tourism and recreational to meet
the demands shift of tourism industry who gradually in the pursuit of high quality of
service. This study focuses on hierarchy of needs theory, and tries to explore cruise
tourism needs factor contents when cruise tourism play the role of tourism and leisure.
In order to highlight the importance of cruise tourism needs factor contents; we adopt
the literature review of relevant cruise tourism topics and uses Analytic Hierarchy
Process method to analyze data. A total of 84 valid questionnaires were collected.
According to the results, the contents of cruise tourism needs factor can be divided
into eight dimensions, which were used to be called hierarchy of needs theory.
Furthermore, we developed 24 indicators of cruise tourism needs factor and discuss
the priorities. On the other hand, we also examine gender differentiation with regard
to the perceptions of cruise tourism needs factor. In the end, we provide some
theoretic and practical advice.

Keywords: Maslow theory, cruise, needs theory, analytic hierarchy process,
gender differences
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Development of a Route Planning Approach for
Obstacle Avoidance in Coastal Navigation under
the MGIS Framework

Tzu-Yang Yuan, Chao-Kuang Hsueh, Sheng-Long Kao

ABSTRACT

Appropriate Route planning has a great effect on navigational safety. Current
researches with the objective of obstacle avoidance methods are most to obtain the
shortest routes based on multi-directional algorithms. However, such approaches
acquire results depending on the shortest-distance, resulting in producing too many
waypoints on the detouring route. This is not the customary practice in navigation.
Moreover, some metaheuristic algorithms proposed in the literatures are difficult to
avoid acquiring the local optimum. Therefore, the purpose of this study is to develop
an approach associated with the customary practice in coastal navigation under the
framework of the MGIS system that can be assisted with route planning for
navigational obstacle avoidance. This is done on the basis of the obstacle avoidance
concept that an Autonomous Land Vehicle (ALV) detoured along the barrier boundary
with keep a distance away, and a variety of unnavigable area conditions on
preliminary route planning. The model proposed also consists of the procedure of the
smooth and simplified process and waypoint adjustment function, as well as the GUI
interface are all programmed by the Visual C Sharp language. It hopes for providing a
reference for the subsequent development of an automated route planning module
integrated into the ECDIS system, and could also assist navigators in their route
planning in coastal navigation implementation.

Keywords: Obstacle avoidance modules, Route planning, MGIS, ECDIS
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A Confirmation Work of the Visual Guidance
Autopilot System by Using a Shiphandling

Simulator

Sin-Der Lee’, Ching-Yaw Tzeng?, Young-Zehr Kehr?

ABSTRACT

This work is concerned with the development of a visual guidance autopilot
system while using shiphandling simulator as the testbed in evaluating its
performances in guiding a vessel into port automatically. The shiphandling simulator
provides a convenient setting for adjusting the harbour layouts, environmental
conditions and visibility criteria. The simulator is an idea and efficient testbed for
studying the performances of the proposed visual guidance under different operating
conditions. Specifically a CCD camera is installed inside the bridge of the simulator.
The captured images of the leading marks appear on the screen are processed to
provide necessary deviated angle information for the autopilot system. The geometric
centers of the two leading marks are then calculated, and the separation distance
between them is used to compute the deviated heading angle needed. The feasibility
of the proposed concept was verified by performing a series of approaching
maneuvers using the NTOU Shiphandling Simulator.

Keywords: Visual Guidance, Autopilot, Shiphandling
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1. Introduction

Modern ships are invariably equipped with some form of marine vessel control
system to assist the crew in maintaining the desired course and in executing basic ship
handling maneuvers. Such systems typically comprise three independent blocks,
designated as the guidance, navigation and control (GNC) blocks, (Fossen, 2002) [1].
The automatic steering of ships dates back as far as the invention of the gyrocompass.
It is also one of the earliest applications of automatic control theories. One of the
earliest gyro pilots was introduced by Minorsky in the early 1920s, in which a gyro
compass was used to provide heading information for the course-keeping autopilot
system [2]. In this earliest case study, the acronyms G represents guidance
requirement for guiding the heading direction; the part N means navigation function
for ocean going maneuver and the part C expresses the PID controller design method.

The visual guidance scheme has been widely adopted by human for marine
navigation practice. Especially, the pilot or the captains guide the vessel into a
restraint area during navigation phases. They navigate the vessel along a leading line
defined by carefully selected visual landmarks, beacons or leading lights, and apply
the necessary course corrections to compensate for the external disturbance such as
transverse current, unexpected changes in the wind direction, obstacles, and so forth
[3]. The objective of this paper is to develop a visual guidance autopilot system in
guiding and controlling a ship into a port.

As the capabilities of computer vision systems have improved in recent years, the
feasibility of utilizing image-processing techniques to facilitate vehicle guidance and
control has attracted increasing interest. For example, Lee et al., 2008 [4] proposed an
image-processing-based small boat approaching autopilot to guide the vessel into a
harbor environment.

The ship handling simulator has been widely adopted by academic researchers
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for marine navigation practice and studies. For example, Hsu et al. 2009 [5] presented
the AlS-assisted collision avoidance experiment test by using a shiphandling simulator.
The simulator-based testing is evident that with AIS information were found to avoid
possible collisions faster than the group without AIS assisted. The shiphandling
simulator provides a convenient setting for adjusting the harbour layouts,
environmental conditions and visibility criteria. Hence, the simulator is an idea and
efficient testbed for studying the performances of the proposed visual guidance and
control scheme under different operating conditions.

This work is concerned with the application of image processing-based guidance
scheme to the approaching control of a ship while using a ship handling simulator as
the test bed. Specifically, a CCD camera is installed in the bridge of the simulator to
capture images of the leading marks that appear on the projected screen of the
simulator. Afterwards, image processing techniques are used to compute the center of
gravity of the leading marks that presented on the captured images. The total
deviation heading angle is then computed accordingly and used as an error signal of
the adopted autopilot to generate proper rudder commands so as to steer the ship
towards the leading marks formed by the predefined leading marks. The relative
easiness in setting the harbour layout conditions makes the shiphanding simulator an
attractive test bed in studying the effects of visual cues (such the depth and size of the

leading marks) on the performance of the visual guidance scheme.

2. Visual Guidance Scheme and Algorithm

The visual guidance system is basically based on visual information to navigate a
vehicle to aim at the goal. The IALA maritime buoy systems are also used by the

visual sense for the navigation purpose. Here, IALA stands for the International
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Association of Marine Aids to Navigation and Lighthouse Authorities. The sea marks,
lighthouse, lighting system are well known applications of the visual guidance. The
leading line guidance method is widely adopted by pilots when navigating a ship
through inland waterways or bringing a ship into a harbour. In using this method, two
leading marks are selected, one in the front and one in the rear, and the ship’s motion
are controlled such that it follows the so-called leading line, i.e. the extension of the
imaginary line segment joining the two leading marks.

Figure 1 illustrates the leading line guidance concept in a schematic form. In this
figure, point A denotes the rear leading mark, point F is the front leading mark, and
the extension of the line segment AF represents the leading line. Assuming the ship to
be located at some arbitrary point L lying to the left of the leading line, a starboard
rudder command is required in order to correct the deviated heading angle so that the
ship approaches to the leading line. Conversely, if the ship is located at the other side,
a port rudder command is needed to adjust the ship’s position. Figure 2 shows the
front view of real leading line structures. It also shows the horizontal 6 and vertical a
angles created by the lights as viewed by the observer. In this study, the goal was to
recognize the leading marks via some image processing techniques. Specifically, two
rectangular form leading marks are arranged in cascade on the quayside to form as a
leading line in the simulation harbour layout visual database. Figure 3 illustrates the
leading line concept in the simulation database with 3D visual scene of NTOU small

boat harbor.
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Fig.2 Front view of leading line structures

Fig.3 The 3D visual scene of NTOU small boat harbor

During the approaching maneuver, the leading marks (i.e. the rectangular targets)
are captured by a CCD camera located at the simulator bridge and the resulting image
is processed using a color recognition and noise filtering scheme in order to detect the

positions of the two rectangular targets within the image.
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In implementing the visual guidance method, the CCD camera is located at the
simulator bridge and is aligned with the center line of the simulator-based small boat
such that the captured view coincides exactly with the view in the heading direction.
In another word, the image center represents the ownship heading view. For each
image acquired by the CCD camera, the image processing system calculates the
centers of gravity of the two leading marks and computes the current heading relative
to the leading marks and tracking deviation angles.

The simulation 3D visual senses are captured by a CCD camera and then these
images will be transformed from the original RGB color space mode into HSV (Hue,
Saturation and Value) color space. The resulting images are processed using a color
recognition scheme to identify the Hue, Saturation and Value components. The special
threshold values for the leading marks can be obtained by experimental test before
hand. Through these filter function that the leading marks can be distinguished from
any background objects in the image. These components of images are subsequently
processed using a noise filtering scheme in order to accurately detect the location of
the two rectangular targets from the heading view images. The centers of gravity of
the two rectangular targets area are represented the leading marks’ location in the
image. The geometric centers of the two leading marks are then calculated, and the
separation distance between them is used to compute the deviated heading angle of

the simulator-based small boat in accordance with basic trigonometric principles.

2.1 Deviated Heading Angle

The CCD camera used in the current trials had a resolution of 1024*768 pixels,
I.e. the maximum X-axis value in the image coordinate framework is 1024, while that
of the Y-axis is 768. As a result, the center of the CCD image is located at coordinates
(512, 384).
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The deviated heading angle is consisted of two terms, namely 61 and 62,
Where 01 describes the orientation of the simulator ownship heading relative to the
front leading mark and the 02 describes the ownship location relative to the leading
line. In other words, it means the position offset (i.e. cross track error) of the ownship
relative to the leading line. The first term 61 can be calculated from the deviation of
the centroid of the front leading mark from the center of the CCD camera screen.
Because the center line of the CCD camera is aligned with the center line of the
simulator-based small boat, the purpose of the term 61 is to point the bow of the boat
at the berth, where the front leading mark is located.

Let x; denote the X coordinate value of the centroid of the front leading mark and
X denote the X coordinate value of the center of the CCD camera screen (i.e. 512).
The term 6y is computed as follows [6]:
6 = (% — %)<k,

where Kk, is defined as

_ HFOV of CCD camera
CCD total pixels in Horizonal Direction

X

In other words, ky represents the HFOV angle of each image pixel in the
X-direction. The second term &, is resulted from the horizontal separation distance
between the front and rear leading marks. Specifically, the term 6, is given by

0, = (% =) xk,
where x; and x; are the X-coordinate values of the centroid of the front and rear

leading marks, respectively, and ky is the calibration coefficient defined in Eq.(2).
Consequently, the total deviated heading angle Ay can be computed as the sum

of ¢, andg,, i.e.
Ay =6, +6,
The total deviated heading angle plays as the feedback error signal e needed in the

119

1)

)

©)

(4)



EREE - N

feedback control structure. Finally, the deviated heading angle is supplied as an error
signal to an autopilot control system which then generates appropriate rudder

commands to steer the boat toward the leading line.

3. System Description and Controller Structure

3.1 The NTOU Shiphandling Simulator

This full mission shiphandling simulator is equipped with various navigational
instruments and it possesses a reasonably similar maneuverability as a genuine ship
and so it was adopted for verification of this study. Figure 4 shows the CCD
equipment arrangement in the simulator bridge. Figure 5 illustrates the image
captured by a CCD camera. The background image shows the NTOU campus view
from the small boat harbor area. Figure 6 shows the system flow chart for the

simulator-based experiment.

Fig. 4 the CCD equipment arrangement in the simulator bridge

Fig.5 The image captured by a CCD camera
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Fig.6 The system flow chart for experiment
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Fig.7 classical feedback control structure

3.2 Autopilot Structure

Figure 7 presents a block diagram of the classical feedback control structure, in
which G is the plant to be controlled, C is the controller designed in accordance with
the internal model control (IMC) method [7], ref is the reference input, e is the error
signal, u is the output command of the controller, and y is the system output. In the
autopilot control system proposed in this study, the error signal, e, represents the total

deviation heading angle (the sum of 01 and 02) of the vessel from the leading line (i.e.

AV in Eq. (4)), while the control output, u, represents the rudder commands issued by

the controller to bring the boat back on course.
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4. Shiphandling Simulator-Based Experiments and Analysis

A ship model that resembles a small boat was used in the simulator-based
experiments. The ship model parameters k and T are identified during standard trial
results and a series of turning circle tests. Computer simulations are conducted to find
the feasible controller design parameter 3 which characterizes the speed of response
of the closed loop system under the IMC structure. The vessel main particulars and
ship model parameters are given in Table 1, and the maximum permissible rudder

angle was specified as 35 deg, and the maximum rudder rate was limited to 8 deg/sec.

Table. 1 Vessel Main Particulars

Vessel Type | Small Boat | Max Speed | 2 knots

Length (LOA) 5m k (sec™) 0.047

Breadth (B) 1.1m T (sec) 7.567
Draft (D) 0.5m S 9

The feasibility of the proposed visual-based leading line guidance method was
evaluated by performing a series of simulator-bases tests.

Figure 8 shows the experimental trajectory of the ownship as it moved from its
initial position to the berthing standby region, located at a distance of around 15~20 m
from the front leading mark. As shown, the off track error of the boat is ignored by the
controller, the boat heads directly for the front leading mark with no effort made to
bring the boat toward the leading line. In this case, the distance between front and rear
is only 2.7m. The contribution of 62 to the deviated heading angle is very small since
the two leading marks are separated by a distance of just 2.7m. Thus, the main
contribution to the heading deviation angle is that provided by 01. This special
restricted condition is a confirmation study for which a small FRP boat has been

tested in the NTOU small boat harbour before [4] [6].
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Figure 9 shows the condition when there is a sufficient separation distance
between the front and rear leading marks. In this figure, the red dot line indicates the
ownship moving trajectory with more separation distance (20m) between the front and
the rear leading marks. The experimental results reveal that the trajectories converge

more rapidly toward the leading line as the separation distance is increased.

Simulation Trajectaory with cross track error 30%

T T T T T T

L) U SR I [ N Muoving Trajectory |
' ' H ' —#— Real Leading Mark
+  Front Leading Mark

— — Leading Line

' (Weter)

0
¥ (Meter)

Fig.8 Simulated ownship trajectory with testing condition
(two leading marks separated distance 2.7m)

Simulation Trajectory with cross track error 30%
I I I
: + 20 m Moving Trajectary H
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I +  Front Leading Mark

i | — — Leading Line

| —— 2.7 m Moving Trajectory

¥ (Meter)

X iMeter)

Fig.9 Simulated ownship trajectory with testing condition
(two leading marks separated distance 20m)

The shiphandling simulator provides a convenient setting for adjusting the
harbour layouts, environmental conditions and visibility criteria. Figure 10 shows the
experimental results with same wind direction and different wind speed. It is evident

that the wind speed margin can be up to 40kts with wind direction 000°.
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Figure 11 illustrates the trajectory corresponding to the environmental
conditions of wind direction 090°/ wind speed 30kts and current direction 270°/
current speed 0.5 kts, respectively. It is evident that the both environmental conditions

have the equivalent effect to the simulator-based test boat.
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Fig.10 Simulated ownship trajectories with different wind
speed
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Fig.11 Comparison ownship trajectories with wind and current
effect

Due to the shiphandling simulator provides a convenient setting for adjusting the
visibility of the simulator visual scene with the weather condition. The experimental
can be designed to study with the visibility conditions. Figure 12 and 13 show the

visibility with 1000m and 250m, respectively. It can be referred to Fig. 5 as a clear
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weather condition. The experimental results reveals that the leading marks can not be

detected from CCD images when the visibility decreasing lower than 250m.

Fig.12 The simulation condition with visibility 2000m

Fig.13 The simulation condition with visibility 250m

5. Conclusion

This study has presented a visual guidance autopilot system based on a
traditional leading line concept which mimics the actions of a human pilot in guiding
a ship toward the designated berthing position in a harbour. In the proposed approach,
the shiphandling simulator was adopted as the testbed in evaluating its performances
in guiding and controlling a ship into a port automatically. The information provided

by two leading marks arranged in cascade on the berth is acquired by a CCD camera
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and is used to determine the heading and position deviation of the vessel relative to
the leading line. The total deviated heading angle of the vessel is then taken as the
input to an IMC controller designed to compute the rudder commands required to
steer the vessel toward the leading line. The feasibility of the proposed autopilot
system has been confirmed by performing a series of simulator-based tests. The
results have shown that the input variables 61 and 02 which characterize the heading
deviation and track deviation of the testing vessel, respectively, provide all the
information required to steer the vessel such that it converges toward, and then
follows, the presetting leading line. Moreover, the shiphandling simulator provides
very convenient setting intuitively straightforward and easily implemented using
existing software. In a future study, the feasibility and robustness of the proposed
system will be verified by performing a series of approaching maneuvers using a

small boat in a real-world harbor setting with the environmental conditions.
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Game-theoretic Modeling on Ship Safety
Inspection

Tsan-Huang Huang, Yu-Chen Huang, Chao-Yi Huang, Shi-Yi Fu

ABSTRACT

In this study, the inspection strategies of PSC include structural safety, lifesaving,
fire safety, emergency systems, propulsion and auxiliary systems, and passenger
service systems. The strategic choice of the shipping companies is to check the
qualified and unqualified. The penalty value is equal to the improvement cost, the
optimal inspection policy is to conduct a substantive examination of the fire safety
and passenger service system, at this time, the probability of the qualified is 0.501.
Conversely, the penalty value is lower, the qualified probability is 0.333.

Keywords: game theory, ship safety inspection, inspection strategies
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