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ABSTRACT

This research work aimed to increase productivity by designing and developing drills for
drilling holes in Holder Head Light with CNC milling machines. Using cause and effect
diagram assisted in analyzing problem of hole punching. The minor was caused by need to
use workpiece chamfer separately from drill pit, resulting in low productivity. Therefore, the
researcher revised the work method. The workpiece drill pit and workpiece chamfer were
combined to reduce time to change drill pit. The experiment was done, statistical method
was used, a general full factorial was designed to find the optimum conditions for drilling
workpieces with new developed drill pit. Result from experiment was found that the optimum
factor for new drill at a speed of 3,000 rev/mm and a feed rate of 250 mm/min and new
drilling pit, it will get better surface roughness values than original drill pit. The original surface
roughness was improved from at the averaged of Rz 8.484 ym to Rz 5.103 um. It was
possible to increase productivity of workpieces from 282 pieces per day to 297 pieces per
day, and increase of 15 pieces per day.

KEYWORDS: Drilling Speed, Feed Rate, Drilling Hole, Surface Roughness
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WA Wwundnszuaunmsina nann1s ECRS anldianezdundayni uazlditnseanuuy
N1INaaad (Design of Experiment: DOE) Lﬁ"amamazﬁimmmmaaﬂaa‘i’ﬂﬁm{umﬂm:g

FUINWIA LA URETLRINANIZRY

2. Jangilszava
2.1 Lﬁ'aaEmu,mJLLa:w”@um@ana*hulumsmzg%umuagﬁl,ﬁﬂaJ
2.2 Lﬁ'amama:ﬁmm:amaaﬂaﬁ'ﬁs‘im%’un’mu&nzg%m’m@gﬁlﬁﬂu

2.3 WNaaAa lNITLIRMTIAN ZE%%G’]%B@JﬁLﬁU d

3. YaUlUAVAINITIVY

3.1 NAABINIIANZ3EUIMTILASEI CNC Milling B Brother TC-31 AN

32 HIN1IATIIBRINUGIULATEITANINURENUAD Surface Roughness Tester 31
SV-3000 CNC

3.3 ﬂﬁ]fﬁ'ﬂmaams"mﬂaaasl,uﬂ'mng%umuﬁ'smﬂ’%iacl CNC Miling §%a Brother TC-31 AN
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3.3.1 @314L53581 (Drilling Speed) mﬁumnm:g%mm lassruaanen
uasgrmdnaglugag 3,000 £200 sou/unl (2,800 TOU/UTT, 3,000 TOU/UNTE WAz 3,200
J0U/17)

3.3.2 aaian (Feed Rate) T,@]ﬁﬁmu@mn@hmmgmlﬁuag}'h“ﬁaa 200 +50
J0U/W71 (150 AaRNAT/WN, 200 FaFLNAT/WNN LAz 250 aRLNAT/WIN)

3.3.3 juuuuaanadn (Driling Type) (WUULAN wazuuulnd)

ad A [y
4. NHPINLINAIVDY
Ac A vo A A a \ o a
1‘%\‘]7%’3"3Eluvla@]%’]l,ﬂiadllaﬂ’]\‘nﬂ']ﬂiillﬂq@]ﬁq‘ﬁﬂ’ﬁ@nd 9 mﬂs:qﬂ@lﬁlﬁumimmm’m

Waldiezduasui lilywl aad

4.1 Ltﬂugﬁnizu’mn’lﬂﬂa (Flow Process Chart)
Lmun‘jﬁm:mumﬂm Lflul,muqﬁﬁl“ﬁ%mﬁ:ﬁm"‘umumﬂ%a (Flow) U830 TAAUAL

1A3099n7 lagugaadusyansoiunasgiu 5 a1 [1] a9a13197 1

'
o

@139N 1 dgansatnlgiuiinuazdrdinaanaasunngiinszuiwnsles

o o a

@ o 4 o = 1
yanidn vaLIYUN ﬂ’]%’]ﬂﬂﬂ’)’]&l‘[ﬂﬂﬂa

an A

MU udu o mudAsugmiananueil wieWanduasiag

(Operation) e m3UsznauTudin nransnaasiulsznauaan

N13IAIIIRDY ° @maaauqmé’nmﬁmaﬁmq

(Inspection) ° m’maauqmmwwﬁaﬂ%mm

(Transportation) o WINIUINAILAL

nIvenat o MIALIFQTIATNEWINM TR

(Delay) o MInBLLNBNUTUGD TN

=3 ~ ﬂl t;’ ' A a o dl IA
nl3tnNy * NISLNUIRG DUHRIU mawamnmmﬂi’luamuﬂmﬁm

A o P ) ) o A =
|:> natafawag ° ﬂ’]iLﬂaau’J@lQ%’lﬂ‘g@%uﬂvLﬂU\’]Bﬂ"g@]%%\ﬁ

(Storage) dasandudaslumsiadande

4.2 mei'auammquama (Cause and Effect Diagram)
WHUHILRAIAGUAZHA WIBUNWHINIUAT (Fishbone Diagram) 9zUaAdTIAMUFNWUE

dl o Y a kg v 1 1 é
VBIFUNG (Cause) A ldifana (Effect) laseainadsznaudie 2 &n e miﬂmaﬂsz@ﬂm
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Nunufesswduaivavasiym LLa:d’mﬁaﬂmﬁLﬂuﬁ@ﬂmaammqﬁnmmﬂuﬂagm 2]
@”ﬂgﬂﬁ 1
’lumsﬁmmmmé’uw”uﬁizwjnmm@g'Lm:wafuﬁmma‘i’nﬂuaﬂﬁaﬁoﬁﬁadﬁﬂﬁi
J2aURNad (Brainstorming) Lﬁaﬁnmiﬁummmqﬁl,ﬂu"lﬂvl,ﬁv%mm Tuduaoumys=auanas
ifmﬂﬁ;jﬁﬁmm'auluﬂszmumwﬁmLauammﬁmﬁﬂ@ Uﬁ;j'auuamﬂ’nuﬁmfm:lﬂu

wainihinu ez Juanuniswneddas

FURARAN
1238 SIEET]]
mm@aiay
AN HRLHE)
9
CALRN!
lassnszan
2 gy
1238 1238
- 6
&1L14 (Causes) HNRaWD (Effect)

sin1  aaa si'mmuﬁmammquaxwa

4.3 MIdaNUUUNIINAaDd (Design of Experiment: DOE)
A A & a A A o A

NTEENUULNNINARES [3] fia NMINaraULAsIATILAsInIadaliad lasrinsidfon
17998 (Factor) 111712890320 1%NT (Input) wazadtnan1sidfenulasvasaapinean
A a o i 1 Qo { £ Qs o v
(Output) TelwiudsphaziSonindunanaunianaansi la (Response: Y) lagaaudsiudn
azgnuaiu 2 ngu Aenguiiaiugule dnualwidudauds X, X, ...x, ududs (n3e
Ta3t) Nanansnaiuqule (Controllable) waznguiliaansnaiuqule dwualdidudius

Z1, Z,, ...Z, 1403300 1T23830n7% (Uncontrollable or Noise) aauaaslugiil 2
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Controllable Input Factor

X1, Xp, .0 X,
Input Output
e Process —>
Y
Z, 2, .... Z,

Uncontrollable Input Factor

U2 enadans szrIeaulsEe 9 289n3zUIRNIINAGEY

5. 25N1IALHIH
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v
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v

NIANLUUNITNGRDY (DOE)

AMIINaaD

agﬂwamw‘i'uﬁumuﬁﬁ' 3

v
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3UN 3 TUAaRNIIANBIT
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5.1 Lﬂﬂﬂaﬂaﬂ%ma%ﬂqiﬂgﬂmd"l%
va o v & v Ly A a a o &R Y
ﬂmxa’sﬁ]ﬂvl,@LmﬂlaQﬂl%ﬂi?&ﬂ’mﬂ’lilﬁn:g“ﬁumuag}&lLumJ Nﬂ@]ﬂmm‘ﬂﬂ(ﬂvl:w%uﬁl

[
o

(Holder Head Light) 2a4TuaI%#Inansenuaug 1o duuaaunInanaiue n13adan luiaiad

CNC Milling l#aanainuaiuuasniunatdsdaiadiona asiagavuindvuia n1siula
Fuinazl sz uuiuAndNa aan NI A RAWNVDITUIY Lm:g‘ﬁmm LRZAIIIRALDUA

TUINUAI LLa@ﬂugﬂﬁ 4

4. FUHATWINY 5. Lm:g"?jmm 6. ATIVROUVIIATIINH

3UN 4 FwaanNITRZITWIHBRALIEN

& o A & A A {
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6.7 UaBLUAT LT 8.1 NaRLNAT d’aua@ﬂugﬂﬁ 5 %umummmLm:"l,@i”l,aﬂmlﬁvlajéfaolm:g
o d' : =} o 1 v ;:i A d' o a a v Qs nﬂ' A ;:i
itesndunuiizinaguaa L3098 N F N IE I ARWIA187% 2 19389 Aata3ags CNC
Milling fiva Brother TC-31 AN NULATBIIAAINNRENLAD Surface Roughness Tester i:u
SV-3000 CNC

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




g Kasem Bundit Engineering Journal Vol.12 No.3 September-December 2022

U5 swazeIgae

a 6
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ADNAUANTUITHULEN (Chamfer) 20NINADNLAINTTUI

LAIBIAINT an

=
anuHlu P .
WanuwinuLtay —
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aanudnlalunviens — Ty
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u
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o
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522 Iansidgmilasldunwgiinszuimwnisiva

AMNMINATZATUA B UNIAIIUNTUNTEY (Machine) ‘Eumuag}:ﬁl,ﬁw NAAATWHN

ffialWnin (Holder Head Light) WUINRI%AaUNSHNWARNLTUAY LALLANITIUADUN

A9l TAaNAUANTWINULYNAUADNLINE TN I FDIA M NIV @”aLLa@ﬂugﬂﬁ 7

wNwARNTUIWNIS IMa Oeaw Odan Mie3assns
WHIDAANELAY : 01 asdua
Syanwak Jagiin | taua anad
N350335 : MsuaTtuduen | nafiaew O 6
GRSV naanmanbalWwi | Maedeuds D -
(Holder Head Light) 35888 D -
Masnman  38nslwei | msasasen [ 1
FUMhIRA : Category 1 MILALAN V -
HUWHN : winvigwed lrwyd a1 Aufl) 192
AN Aanwal
ne awi) O DO V]
1. 191¢3 (Drilling) 1W1@ 8.1 HadEluaI 14 °
2. 13723 (Drilling) BW1@ 15.0 FaELNAT 27 )
3. faduauiudng (Milling Side) 10.0 dadlua3| 84 ¢
4. 12723 (Drilling) W@ 6.75 JaAINAT 28 )
5. amug%umu (Chamfer) 10 p
6. ¥inAB2 (TAP) M8 x 1.25 17 '
7. ATIVFALVWIATUIT 12 ~e

A A a A A a aa a
Eﬂﬂ 7 LLN%QNﬂizn’)%ﬂ’]ﬂﬁaﬂ”lilm‘ﬁ%wﬁ%\‘l’]%aQNIMSJN (Qﬁﬂqilﬂ&l)

5.3 2M9LHWBAILHINI LNITUA L

i ydTuyss wazwamaasuaoulunsvines lasldwanns ECRS Usznavldeas
n13119@ (Eliminate:) N133534M0% (Combine) N1530 11N (Rearrange) kazn13¥inbidne
(Simplify) [4-5] 3214 C (Combine) AasaninaansasInduaawmsvinnuliaaasleniols
Tasvinnssiuaenainuwianzuazaonauauduaudr g uiu iiofiazaaianlunis
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nanad uarNdAyazdasdifisanuamusasgdnistuazanudunuvasaanainuield
) 1 6 A' U p.i A' U : d' I

Lﬂu@anmﬂumﬂumwamqmﬂ,mm‘n H1IU I@mmsaanu,uuLwa‘lmm:gmumumﬂu
’S'aqagﬁl,ﬁzm mu’mgﬁlmz 6.7 AaRLNATHAL 8.1 NaALNAT a:l%&qmm@?’@ﬁ 118 89A7 UAZYA

S0IANELAY 30 BIFN @”mamlugﬂﬁ 8

1,95

85

10>

i SALE 5:1

31 8 wuuaanaIweuylna

54 N1329NULLUNINARADY

Tuauisoillaldsinisaanuuunismanss (DOE) lasutsaantin 2 duaaunan Ao
1) I35 nseanuuUMINAaaILNaNalSya Lﬁugmmuﬁ'ﬁvlﬂ (General Full Factorial Design)
[6-7] é"m%'uaaﬂLLuums‘nmaaLm:g%umuagﬁl,ﬁw lagdsznaveie 3 Yase laun
ANuLTey dezauilave 3 sz aavdou dwwauilads 3 szau [8-9] uazgluuuaanait
fis2auiTasy 2 326 M manosdn 2 A3 SIIWEITNITNARBININUA 3 X 3 x2 X 2 = 36

NINAAD I@mmimaamf’luuuuqu AIMNTNN 2 WAz 2) MIMAUAATILNLARVIZRNIN

A1591 2 NIDNUULNIINAADI 1AW D MR ANADATNHLNLR

. . . szauade .
129y wanwok Wik
-1 0 1
1. MNL5IT0U S 2,800 | 3,000 | 3,200 | vau/wAl
2. aantlan F 150 200 250 | Aafluavwn
3. ytuuuaanaim T Original - New | 3uuuy
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5.5 N1NN1INAFDY
SuvinmIneaaseuiuunInaaasnaanuuy T ludredn LLazL’%m‘i'unm‘lumsm:gﬁa
AaNEIIWLULLATMAzAaNaIILUU NN aian WSounsuns inmsnaaaslagiiily
s di - 1 o £ a ::? 1 0 U Qs
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1. WIFLABNRINH 2. ABLAG 3. aana iy lng

3N 9 yadudananainn

l61a3837@A2MuRBIUAY Surface Roughness Tester 34 SV-3000 CNC aauaadlu

A ° o A 2 ' A o e A Aav o
307 10 lagyhmyiaanuneufiiwnulusuwiivhmmeseanzgiuwnu Salunsisor
MIIAFUNAREANUNINUVDINUAIMUUFLIA (Ten-Point Mean Roughness: Rz) [10] dnviae

Tadululasiwas (um)

311 10 1A389IAANREIVN Surface Roughness Tester

< o & { o > 4 A i { o o o
’ﬂ’mu%u’]“]ju\‘l’]%ﬁ‘ﬂ’]ﬂ’]iﬂ(ﬂaadLﬁ%"ﬂLLE]’JSJ’]N’]ﬂidUiL’ngﬁL"ﬂ’lzLﬁau’]vl,ﬂ‘ﬂ’mﬁi"l@ﬂ’]
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l:l o Q 1 ~a A”
gﬂ'n 11 MNITIAAIANNALSIUHNIBUINY

6. HAaNIINANDI
NamﬂmsaanLmuLL&:W”@um@anadm’tumnm:g%mmagﬁLﬁw GFnvlnal) law
mmina@iumaumsﬁﬁmuua:a@nm"l,éfﬁ'aLLamlugﬂﬁ 12 LATWAININNITaNLUY
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WHWAANIZLINMT LKA Oaw O V40 M a3assn3
WHIBDAUNELAY © 02 asdua
Sy anual Jagiin | taua anag
N350335 : Msuarudueu | nalfiiom QO 6 5 1
agdifloy nAas e Re lnwih | Maedeudie S - - -
(Holder Head Light) nI38n8e D - - -
058nsen M38aslwal | miamasey [ 1 1 -
Funkafias : Category 1 MILALNN V - - -
AUWTN : wiptgwad lroy@ nan Guf) 192 182 10
1387 danuol
318013 G O E> D I:l V AL
119123 (Drilling) 2119 8.1 UafLNAT 14 9
2. 19723 (Drilling) W@ 15.0 aELNAT 27 ’
3. faduauiud (Milling Side) 10.0 daftua3| 84 )
4. ng (Drilling) 2#19 6.75 ANRLNGAT WIDUAL - |
AN3TUI% (Chamfer)
5. ¥nin&pa (TAP) M8 x 1.25 17 .
6. ATIVFALVWIATUIT 12 ~e

sUN 12 weuplinszuaumsivanmsunziuswewagdiiaa A5n3lna)
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P a < ) A a 5 &
M1379N 3 Nan’]iﬂﬂaaduﬂﬂﬂaﬁﬂa LGINE‘]JLL‘]JSIJ‘H’JVL&J NANIINAIDIBI 2 B

aNMasa | aan Eﬂu,im Rz
StdOrder | RunOrder | PtType | Blocks

sau ow | @@ndiw | (um)
1 1 1 1 2,800 150 Original 1.804
2 2 1 1 2,800 150 New 4.967
3 3 1 1 2,800 200 Original 4.797
4 4 1 1 2,800 200 New 4.638
5 5 1 1 2,800 250 Original 11.594
6 6 1 1 2,800 250 New 4.711
7 7 1 1 3,000 150 Original 2.88
8 8 1 1 3,000 150 New 4.718
9 9 1 1 3,000 200 Original 6.71
10 10 1 1 3,000 200 New 4.422
11 11 1 1 3,000 250 Original 12.523
12 12 1 1 3,000 250 New 4.529
13 13 1 1 3,200 150 Original 4.763
14 14 1 1 3,200 150 New 5.794
15 15 1 1 3,200 200 Original 13.231
16 16 1 1 3,200 200 New 5.986
17 17 1 1 3,200 250 Original 8.824
18 18 1 1 3,200 250 New 5.983
19 19 1 1 2,800 150 Original 2.583
20 20 1 1 2,800 150 New 4.866
21 21 1 1 2,800 200 Original 6.286
22 22 1 1 2,800 200 New 5.511
23 23 1 1 2,800 250 Original 19.07
24 24 1 1 2,800 250 New 5.921
25 25 1 1 3,000 150 Original 2.764
26 26 1 1 3,000 150 New 5.008
27 27 1 1 3,000 200 Original 7.692

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




]4 Kasem Bundit Engineering Journal Vol.12 No.3 September-December 2022

P a < ) A a 5 & '
M1319N 3 Nan’ﬁﬂﬂaaduﬂﬂﬂmiﬂa m&lzﬂlmﬂ‘n’ﬂ‘ﬂ NANIINAIDIBI 2 B (GIEJ)

anas | aan gﬂu,mJ Rz
StdOrder | RunOrder | PtType | Blocks

sau fow | @@ndw | (um)

28 28 1 1 3,000 200 New 4.932
29 29 1 1 3,000 250 Original 12.374
30 30 1 1 3,000 250 New 4.534
31 31 1 1 3,200 150 Original 9.108
32 32 1 1 3,200 150 New 5.088
33 33 1 1 3,200 200 Original 10.733
34 34 1 1 3,200 200 New 4.719
35 35 1 1 3,200 250 Original 14.977
36 36 1 1 3,200 250 New 5.53

NAIINNNTIAAIAMNREIUAIVBINBNRINWLULLAY (Original) LAAT bfisazlidny
% B A o ' ' ' = A '
mzmﬂm‘nawayaﬂmwammaﬂammwﬂm (New) T3A1QNNURLIUNIADNRINWLLLU
1mjﬁmwLﬁmmoLLazLL&iuﬂwmnmsﬁwsﬁszﬂumﬁLmzmjuﬁu TagaraNuneIuRI9an
1 a a d‘ 1 a 1 oA d'
RINULLULAN FA1Lafy Rz 8.484 pm wazdA1anune uflaangituwwuulug Ja1ads
I { A A A o ' '
Rz 5.103 um muam‘lugﬂﬁ 13 mmmwvxmmJadmmwmmgmmaamwwagiuﬁaa
Rz 7.500 pm — 8.500 pym

Histogram of Rz
Normal

0.8 1 Drilling type
= Original
E= New
Mean StDev N
8484 4869 18
5.103 0.5393 18

31N 13 udasnsananeuiINNIINARDY
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Aa [ 1 & Aa a )

6.1 mMaNevtadsiidudndSnanan (Main Effect)

mngﬂﬁ 14 13RI RUTUMTUENTNANAN NFINANIZNUADAINNLILURD Ao
[ A ' - A v ' 4 @
aaon (Feed Rate) Laztuawadaangiw (Driling Type) Fafiuwiluin Welsaasdau
150 UaRNAT/UN a:ﬁﬂﬁmm’mmmﬁaﬁﬁq@ waztioltoayifoun 250 NaRNaT/UIN

o Y =) d. ‘2/ =) 1 1 Y dld 1
azvhlilddnnuneufiangsdu lasafiavasaenaimuuulng (New) azlddndninaean
' ' L. 4 o ' Aa XA
§IwULUULAN (Original) Lhavannawiavastiiuaangitunianalnaduwdstioaaaiuy
ﬁ%‘uazl,ﬁauvl,ﬂul,unmtm:@i”amfmwﬂauﬁga oy UNUABNRINWLLULAN
a ¢ v A @ a a ' B

6.2 N3 NAZHTNTNINENATIN (Interaction Effect)

Asaeitasen dudninasinsznineainuiiisey (Driling Speed) wazaaintlan

. a2 Y o LA q e 4

(Feed Rate) A1A1URE1UAITUITHILFITUAINANLTITBL wuinleltaas1ifann
150 FaFLNAT/ W7 LFNIINAITNLIITOUN 2,800 S0U/u1N uaztdaldansdaun
200 TaRLNAI/WN ARANILALINUaATTawN 150 FadLNaTWIN 1 rwnw uaazlwdrnau

A A & a A o @ A A a = Aa A o @ o A
'vamumﬂgwuamm:mahamﬂﬂauﬂ 250 TARLNAT/UNN THAANWINFIRAWAL 2 TN

' 4 a X () a { o o a {
NIBAN Lﬁammﬁ’maumgwm:vl@mm’m%mumﬁuaﬂmmum@u muamlugﬂﬁ 14

Interaction Plot for Rz
Fitted Means

Drilling spe * Feed Rate Feed Rate

12 —m 2000
- 2500
10 Ay
ERRE VPR -
8- * -
- - -
3 ¢ - ———4
5 4
s
5 Drilling spe * Drilling typ Feed Rate * Drilling typ Drilling typ
= —s— Original
124 — & New
104
8
64
"**k‘.)”(f. e —m————-a
4
280 3000 3200 150 200 250
Drilling spe Feed Rate

31N 14 uaasnsvasdnsnasINIERINdY

IMNEANIATIIRAUANNYNGasvaIguuuNMINaass wudihiianuiadnduasnis

a £ @ AV va A A o=» Yo w A ° a &
nanasifiadu uazdayaflddanuingeiie Faldidayalua1snei 3 wvinsienei
ANNLUIUTIU (ANOVA) [11] lasinuaszauanabeiun 95 wafidud (o = 0.05) lavls
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AN 4 MATEaaLl U5 (ANOVA) 29n15Naaas

Source DF AdjSS | AdjMS | F-Value | P-Value

Model 17 | 447.078 | 26.299 7.42 0.000
Linear 5 257.418 | 51.484 14.53 0.000
Drilling speed 2 22.381 11.190 3.16 0.067
Feed Rate 2 132.164 | 66.082 18.65 0.000
Drilling type 1 102.874 | 102.874 29.03 0.000
2-Way Interactions 8 160.785 | 20.098 5.67 0.001
Drilling speed*Feed Rate 4 27.433 6.858 1.94 0.148
Drilling speed*Drilling type 2 8.577 4.289 1.21 0.321
Feed Rate*Drilling type 2 124.775 | 62.387 17.60 0.000
3-Way Interactions 4 28.875 7.219 2.04 0.132
Drilling Speed*FeedRate*Drilling type 4 28.875 7.219 2.04 0.132
Error 18 63.791 3.544

Total 35 510.869

NANTHN 4 MINATERAMNLYTUITINVAIAINITNAFAUANNRLIUAIVDITIINY
wudnTaspnanuazdadpsin A8nTwadenuTuuiiag19lnsdAy (P<0.05) [12] Ao
AT a% LazTiavaI0an8I% 1audal P-Value 1891723 wanwazaasIndd1dasnin
0.05 330BNTWAGAIAINNLIIURY LIBYININITNINTUIAMNNINN TV IBNTNATINYDINT

% 1 = s 3 o A 1 a a 1 a v ) s A
3 7998 Wyl 2 1T93p91nnInae 3 Ja9aiNadanN38 U089 RYEATY T997N
NANITILATIZRAN VLU TUTINYBINIINARBINAIANNT XY 75.72% AIA1T9N 5

AN 5 STAUAMNLTBNBVBIATAMNALIUH?

S R-sq R-sq (adj) R-sq (pred)

1.88254 87.51% 75.72% 50.05%
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6.3 NIINIHUWAAILVLNRNIZANINNAIINAFDY

a

nmInanaslde®s Response Optimizer [13] Lﬂumim@hﬁmmzauﬁqmadﬂaﬁ'ﬂ
RINAADA1 Rz ﬁﬁﬁqﬂimﬁmu@iﬁﬂmmmﬂumﬁaﬂcgm (Minimize) 8961 Rz Baufed
mﬂgﬂﬁ 15 LLa@alﬁLﬁuﬁaﬁmﬁTyﬁmmzauﬁqmﬁﬁ 1) @271015250U9 3,000 58U/U17
2) savilan 250 Saswaswnd 3) aanaitwuuulng azvihlilden Rz iy 4.76 fianu

WBafian 98% wununsaNNIaizianunaiatadan (Eror) 16 2%

New Drilling Feed Rat Drilling
: High 3200 250 New
b 0'9§84 Cur 3000 250 New
Predict  Low 2800 150 Original
.
Rz
Minimum
y = 47676

d = 098839 .

5UN 15 aruaasfadanimanzaad1niun1naaas

6.4 N1INARDILNDUWLIWNA
BIN1INARDILND U UNE Lflumimaaauu@hﬁmmzawﬁqmaaﬂaﬁ'ﬂﬁﬁwa@iamm
a n:!. v a 6 v s ] & 1 > a
RYTURD "nvl@mnﬂ’rmﬂﬁ:wagaimUmsﬂiummmmiammﬂu 3,000 FaU/WN WAL
aaTau Winny 250 TafNas/wf wazriavasaanainuwwuulng lagvinnImesasninua
10 39 ONAFIANTIN 6

AINN 6 HANTINARDITINTITINLITWINWD AL

y anailaw AlLRALY
AT | _ aan Rz (um)
. |(@aawes/| (um)
(30u/wl ) - 9%
win) Test1 | Test2 | Test3 | Test4 | Test5

5.013 | 5377 | 5.213 | 4.235 | 5.382

. 4.852
3,000 250 vy | Test6 | Test7 | Test8 | Test9 |Test 10

4428 | 4.992 | 4.485 | 5.081 | 4.321
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A £ o tﬂl Y a n:i & a v A o
NNINARDIDULUNAAIANTIN 6 laA1ANURENUAIRAY 4.852 Tafianlnalfsany
AN ldannaun1svinwie Y fie 4.767 pm Aatduidesidudainuaaiaiafauiinny 1.75%
(fA3N (4.852 — 4.767) / 4.852 x 100 = 1.75%)

6.5 NIINIYAANNK

v
a a

v o a = ad 1 A Y |
ﬂ'ﬁﬁ'ﬁlliﬂﬂll“q% °11aommumwa@ﬂumnm:g"ﬁmmagmuw ('J'Eﬂ'ﬁiﬂll) LWﬂl"ﬁL‘].]u

dayalunisdadulafisnnuduanduaisgemand ad

v

mnawmﬂﬂumsmmq@ﬂmu [14]

9 9

N = —— (1)

el

* v

N fa dwanwmInFanIadunu

F @0 dunuaan
v A dunuudiiudatu
p fa Tevedadn
A
Taon
@Tunumﬁ = 13,700 LN
@Tunuuﬂm”u= 45 UNGaTn
10118 = 60 UINGaTH

UNUE LEuNNIN 1

. 13,700 o
N = ——— = 913%u

(60-45)

v

e Gq// o a n:i : Aa A ada 1 1 Rt :
A mmummamﬂqunulummm:g"ﬁmmag11LWJ&I ('J'ﬁﬂ']il‘ﬁll) LNINY 913 1Th

7. agﬂwamiﬂmao
7.1 QangiNwitavinni1seanwuui lribwlav¥inn1stUS s U N g UINNNANIINARS
WU aMILNTTUTRIReadiian (IFNTaN) 192 Adadu aMTUNTTUTL

aafiifion (3Tmslnal) 182 Aufidadu anas 10 Twrfidadu Aaidu 5.20% (FavnTanasd
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084§D (192 — 182) / 192 x 100 = 5.20%) laBFANTOLANNAREATWIUANN 282 Fusiaiu
(T 207 Fudadu tRnTu 15 Tudaiu

7.2 NNINa8sIaTueng g ﬁao@ianmmaamsﬂﬁﬁﬁmu WudNnITasnLuLaan
ﬁ’jmﬁ?uﬁwa@iaL’Jmlunwﬂﬁﬁamﬂ@mmaLWS’]:miaammmaﬂa’j’lmmul%ﬁ IILAA
LAMIUGUAU @”aifumiﬁmu@mﬂﬁm”ﬂﬁmmzamamaﬂa’hmmulmiagjiﬁ'mnm?’s
38U 3,000 38U/W1 Lm:é'mﬁﬂaua%iﬁ 250 Aaftuas/uwfl azawnsaldiaanlunszuauns

Ao A = a \ -
ngﬂua EJYIE?{@]I@] wmw‘mmumazaglumamaami

8. Jaldanauns
wwanemAsde ldluauaa arsdnundalusiuvesaanna (End Mill) gﬂl,l,uu"l,ﬁu

wazaulraIaNNRY ﬁaﬁ@‘hﬁq@LLaﬂ"ﬁL’;mMﬂﬁswﬁmﬁa pga
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mwi’am‘;nmm‘mﬁﬁvlﬂﬁi:qﬂ@Tl,%ﬁ‘umms‘faw?i”m&avlﬂlu“[wmuqmm'vmﬁu RIDIMNUNRFI
9ug daulsfiansdedSunasastuauain 19 L 1w 98 L vilduaaemeanialudstudu
WRndnwlUsn 5.76 vih anwansnasssuaasliiing Ysinesemaniduiuyasdstuaud
andwadaanuauwnelung Lﬁaamnqmgﬁmaﬂmwau (Tr) mmluﬁ'w”m”muﬁwgaﬁuﬁasl
Agagaaziien 87.2 °C TasudsHUATINUANNALAN Ulun”\m”uﬁuﬁga’fuﬁmmwﬁ'u 60.593
kPa kazNavaInNLanddsn e luainniiuanusannazdas e]gm'?ummzmnmua:iau
M3 donadatSunmanuieuszauluszuy sanwiavmatiTuauanss Usinmaany
Jauaranvadruuuazlsinianmeanuseusasrsuufazanadana leaigunis

o o a v o o

ANEIATY: DITUAK, UITANTAINNIIAINIDN, HI8IN4

ABSTRACT

This research focused on the variables affecting the working fluid circulating system with
thermal energy of the horizontal by using steam for working fluid. Temperature for boiling
system is 115 °C which is low heat energy can be applied to general waste from industrial
or other sources. By the way, the researcher has experimented by increased volume of
pressure tank from 19 L to 98 L that mean air mass increased 5.76 time. The results of the
experiment showed that volume of air inside pressure tank that increased has affected with
pressure inside pressure tank because temperature of steam inside pressure tank will be
increase too maximum temperature is 87.2 °C it will be directly proportional to the pressure
inside pressure tank maximum pressure is 60.593 kPa and temperature difference inside the
storage tank will a bit increased as time and circle of working fluid affected to quantity of
heat accumulated in system. So, if volume of pressure tank decreased quantity of heat
accumulated and thermal efficiency will be decrease as well.

KEYWORDS: pressure tank, thermal efficiency, air mass
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AR anazrasa LN 93 TudasiuwifalunisUTsnganasuwu a3 Ao
mIaamIlinasnuas lapmidananasnuliinanzan telildlslonigigalas i
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a o 1 5 > 1 I A ad a a 1 €A £
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> al o s { L 1 ﬂq: ) [ A' :ﬂ a
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AT AN IR ULV INRANALAENR AN e LTI B ENIUIN muu‘tumsﬂs:naumwma
v 1 A | 1 ] 1 v U
q@\ammsml@ 9 munumu%mLLa:maa:LﬂuaaulﬂtyuanawnﬂwLLiau,ma:mmnmﬂ?j
Qs = 1 A 1 v oA o v tﬂl 1 t;/ ] Gq// Qs v 6 [
WAINWENFIUATI [2] wandnsihanueunsesnanarnunavan bt dselominazdn
Y A & 4 A a [ a X o % '
HAANUTINIGAMANTINUY 9 1H0INUTzENTNIWVDINAINUITANTUUED HIZFINA
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£2 A o v Aq, >3 ¥ %] 9/0“: v =) §
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nanan Wian IuagnunIzUIUNIHER FIVIFULARIBRINIIDINNAUN LT LD LR
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TUIIWRIWLRIDNNA L I TTUUNaNLUURIIZNa LA I RUNAIINWLRIONTAA S
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THE PRODUCTION FLOOR: A CASE OF PAPER COUNTING SYSTEM
IN PRINTING INDUSTRY

Paronkasom Indradat’ and Anirut Kantasa-ard®
2| ecturer, Faculty of Logistics, Burapha University,
169 Long-hard Bangsean Road, Saensuk, Mueang, Chonburi 20131, Thailand,
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ABSTRACT

To satisfy the requirement of quality control in printing and packaging industry, a sheet
counting apparatus is developed, which adopts a hybrid machine learning approach and is
able to provide a real-time and noncontact measurement of its quantity. With a brief
introduction of the system architecture, our main work focuses on the forecasting approach
using neural network in different environment. The basic principle is to identify each paper
profile from various attributes from the company’s Enterprise Resource Planning (ERP)
system together with measured heights of the pallet and provide workers an estimated sheet
paper count. According to experiments and tests in real production lines, our hybrid approach
can reach a very high measuring accuracy for printing papers or cards with any thickness.

KEYWORDS: Recurrent Neural Network, Forecasting, Printing Industry, Estimation

1. Introduction

Despite the digital technology disrupting the customer trend of the printing media, the
growth rate of the printing industry is increasing continuously from time to time. The
packaging demands are increased in many industrial sectors during this new normal period.
For example, the printing of paper packaging is augmented following the growth rate of
e-commerce around the world. The market share of printing media is around 313.28 million
US dollars in 2021 [1]. The growth rate of market share is around 8.8 percent bigger than in
the year 2020. In addition, the largest printing media market is Asia-Pacific region. Thailand

is also the largest paper packaging exporter in Southeast Asia. The export revenue from
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paper packaging is around 6,520 million THB in the year 2018, which is bigger than the year
2017 approximately 7.6 percent [2].

The challenge of the printing industry is how to control the production cost. In general,
most printing companies are considered a job shop manufacturing as orders are varied due
to different requirements of customers. Some paper packages are manufactured using many
machines and complex processes. Also, packaging printing requires a high standard of
quality check. Therefore, the efficiency of the production process is very important and
impacts the production cost and the variety of customer demands.

The estimation of the paper count on the pallet is one of the most important parts of
the printing production process and affects the production cost in the printing house. For
instance, the coating process discovers that the number of paper packages is not sufficient
to deliver to customers after finishing the printing process. In this case, the printing
department is required to re-setup the machine to re-print the remaining packages to cover
shortages. This activity will increase the production cost and waste production time. Also,
this loss will affect the overall performance of the production process and the competitiveness
in the printing industry. Therefore, the printing house is required to focus on the estimation
of the paper counter before starting the production process. Manual counting is a time-
consuming process, especially in large-scale printing where there are large number of copies
required (e.g., one million copies). Several methods of the estimation of the paper counter
are implemented recently, such as the use of the counter to count papers manually at the
precedent machine before starting the production, using a light sensor, and calculating from
the total weight of papers. However, some limitations occur with these methods due to
production conditions. For example, the counter does not support the case of pallet
partitioning or splitting the number of finished packages after quality checking. These
mentioned processes will affect the number of papers on each pallet. Also, paper counting
using the light sensor still makes the number of papers vary from the actual quantities
regarding different machines and production processes.

Based on all investigated problems mentioned above, we propose a new solution for
paper counting. The new solution implements the forecasting concept for paper counting in
the production process. The demand forecast is one of the most common methods
implemented to estimate or predict the number of resources in many business sectors. In

this case, the height and other specifications of papers will be used as the input component
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to predict the number of papers in the production process. This solution is the simplest for
operators and relevant staff without any special requirements as they will measure the height
of the papers using only a tape measure.

However, there are some challenges when using the height of the paper to predict the
paper counter on the pallet.

1) The thickness of prepared papers is different due to the varieties of paper characters
and specifications (more than 20 types of papers).

2) Related operations in the production process impact the height of the paper. For
example, finished papers after the printing process will be higher than work-in-process
papers.

3) How to stack the paper on the pallet also impacts the height of papers because of
the compression force of different paper types.

Regarding the challenges above, it is very essential to measure the height of prepared
papers before the paper counting prediction. If we have a good preparation of the paper’s
height measurement, it will impact the performance of paper counting prediction. Also, a
good prediction will help the operators prepare enough papers before the production process.

Machine learning approaches have been proved to be a successful approach in
analyzing large scale data. We have seen some fruitful contributions in many research
venues, such as e-commerce analytics [3]. However, we have not yet seen many
applications in the production floor. This research paper aims to provide the case study of
applying the machine learning methodology, especially recurrent neural networks, to support
operators in managing their inventory in the printing house. Consequently, the leaner process
and cost reduction are achieved. The paper is organized as follows. Section 2 describes the
related literature. Section 3 describes our methodology in data preparation process, as well
as presenting our proposed hybrid predictive analytics for the case study. Section 4
compares our results with other existing methodologies and concludes our managerial

implications for printing industry.
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Figure1 The example of collected paper on the pallet before transferring to

production process

2. Literature Review

The literature review is structured as follows. Firstly, some work-in-process inventory
management case studies are presented. Secondly, the concept of Paper Counting in
printing production are reviewed. Thirdly, the application of forecasting techniques is
proposed and demonstrated in counting estimation cases. Lastly, the research gaps in
existing works are provided. These reviews will be the starting point to construct the hybrid

machine learning approach in this study.

2.1 Work-in-Process Inventory Management in Printing Industry

Managing work-in-process inventory level is crucial for the printing industry. In this
industry, there are many parts of WIP inventory throughout the production floor, such as
printed papers, coated papers, folder papers, hard cover, sewn book contents, etc., that
require continuous monitoring to ensure the availability before entering the next production
processes. As a result, cost management in various logistics activities is reduced and more
appropriate [4].

The first study [5] examined the concept of inventory management from a case study

of printing industry. Inventory management vulnerabilites cause the total cost of the
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organization to increase. The researcher suggested that such companies should have good
strategies for managing and controlling the intake of raw materials used in production.
Another work [6] also showed the application of Lean system to reduce wastage in the
printing production process, such as reducing the time to change jobs through work
measurement, visual control or preparing and managing material areas. The research has
shown that Lean-based methodologies have increased efficiency in the production process,
such as reducing printer set-up time by 57%, reducing the time required for writing customer
claims by 37%, and reducing the number of times required to set up a printer. Subsequent
research [7] has brought innovations to upgrade the production process to be more business-
friendly and sustainable. By applying several innovations, for example, the use of
Flexographic printing technology, energy and raw material consumption during the production
process can be reduced by 10-12%, which is suitable for mass production of the same job.

From the research mentioned, we found that inventory management is crucial to the

printing industry, as cost control is the sustainable solution for the industry.

2.2 Paper Counting in Printing Production

Paper counting is a mandatory and important operation in printing and packaging
industry. The first work [8] proposed a line-scan camera system that can be used to count
number of sheets in the paper. The experiments show achievements in a very high accuracy
for various sheet like stacks with a thickness > 0.2 mm. However, in real industry conditions,
paper thickness can be as small as 0.08 mm or 80 grams of paper sheet. The method cannot
be adopted in all cases in the printing production. Another work [9] proposed a new stacked-
sheet counting method with a deep learning approach on images of stacked papers which
can provide 99% accuracy in counting various thickness. However, the study shows
challenges in quality of images in different environments, which cause limitation in various

lighting conditions.
2.3 Application of Forecasting Techniques in Counting Estimation

Recently, there are various kinds of forecasting techniques that have already been

implemented in many industrial sectors including the printing. Due to the main contribution
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in the paper counting estimation, all relevant forecasting techniques are categorized into two

groups: statistics-based, and recurrent neural network. All details are demonstrated below.

2.3.1 Statistics-Based

The first study [10] examined and compared forecasted data and actual data. The
factors studied consisted of paper demand, price and total cost in the paper manufacturing
industry. The researchers suggest that techniques for forecasting factors in the paper
industry should be developed to provide accuracy and forecast information that is closer to
the real data. Subsequently, a second study [11] examined predictive techniques using
convolutional neural network (MLP) and traditional forecasting techniques (ARIMA, SES,
DES, HWES) applied to forecasting the rate of printing and writing paper usage in Iran.
Comparing the techniques, MLP provides higher accuracy than other techniques. It is
suitable for use in 5-year forecasts, and another work [12] studied the paper boxes and
packaging using ABC Classification principles to group products based on consumptions.
The researcher then randomly draws 2 items with inventory problems for forecasting using
traditional forecasting techniques (SMA, WMA, SES, HWES), and using the forecast results
to calculate the order quantity. From the experiments, it was found that the SMA, HWES
techniques were more accurate than other forecasting techniques and the cost of inventory

storage is reduced by 72-81 %.

2.3.2 Recurrent Neural Network (RNN)

Neural network models are inspired by studies of the information-processing abilities
of the human brain. A recurrent neural network (RNN) is a class of artificial neural networks
where connections between nodes form a directed or undirected graph along a temporal
sequence. This allows it to exhibit more temporal dynamic behaviour. The models have been
successfully applied in a variety of business fields including management information
systems [13-15], marketing [16, 17], and production management [18-20, 21].

Long Short-Term Memory (LSTM) Neural network is one of the most successful
recurrent neural networks that usually be implemented in various applications. LSTM model
is constructed by backpropagation through time (BPTT) [22], which is different from feed-

forward neural network. In addition, LSTM model requires to setup hyper-parameters such
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as number of epochs, number of hidden layers and neural units, activation functions, and
optimizers to make better prediction [23, 24]. LSTM model will also be implemented in this

study. The example structure of LSTM blocks is shown in figure 2.

S
! legend
Cr.1 - > Cy unweighted connection
o weighted connection
t:‘ P @ pointwise addition
St it of &)
[¢] & [ &) poinvise multplication

St-1 St @ tanh activation
) ; @ sigmoid activation

XI [ ] joining point

Figure 2 The example structure of LSTM model [23]

2.4 Research Gap

From the literature review on two issues: inventory level management; and demand
forecasting, we found that there are theoretical principles and interesting research examples
that can be applied to this research. This research will focus on data clustering using
principles of partitional clustering process and data prediction with fixed-answer learning.
The technique to be used is Reverse LSTM neural network and results will be compared
with traditional forecasting techniques. After that, the acquired forecast value will be used in
the process of cost calculation and planning the amount of printing and writing paper that

will be used in the next production.
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3. Research Methodology

Data Gathering

Data Pre-
processing

Forecasting
model

”

Implementing
forecast models

Model
Evaluation

Data Gathering

Cost Analysis <

Model
Evaluation

Figure 3 Methodology workflow of this research

3.1 Forecasting Model
3.1.1 Data Gathering

The data acquiring procedure is as follows. We recorded various types of data that
are assumed to be related to the sheet counts which are:

1) Paper Type (e.g., Woodfree, Art, Duplex board)

2) Paper Brand

3) Paper GSM (Grams per Square Meter)

4) Paper Source (Customer Supplied, Supplier, Own cutting machine)

5) Printing Status

6) Stacked Sheet Height (cm.)

7) Remarks (other conditions that might affect the height of the paper stacks, such
as a stack of more than 1 pallets)

The parameters above are collected from the order planning system. For stacked
sheet counts and stacked sheet heights, we modified the time sheet system for the operators
to record stacked sheet counts and stacked sheet heights at the end of each production

process. For example, at the paper cutting process where the rolls of paper are being cut
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into sheets, at the printing machines where the printed sheet papers are produced. The
operators were asked to use the measuring tape to measure the height and put the
information into the timesheet system, while the paper count can be recorded by the machine
counters and the operators were asked not to manually remove papers out when the records
occurred. In addition, regarding the large dataset, we implement a partitional clustering,
which is K- Means, to group the data based on similar characters of input parameters. We
choose a cluster data that has high volume of printed sheet papers to train and evaluate
forecasting models. More than 5,000 of data points were collected. To summarize, we have
12 paper categories from 3 different sources, 90 different paper brands, the paper GSM
ranges from 60 gsm. to 500 gsm. with various paper heights from 1 cm. to 204 cm. at an

average of 90.5 cm. The data is used further in data pre-processing.

3.1.2 Data Pre-processing

All pre-processing (such as data cleaning and data transformation) required input and
output data that make the data applicable and reduce bias in the dataset [25, 26]. There are
many solutions to transform data. Data normalization is chosen to transform all required data
in this study. The concept of data normalization is to normalize all input data being the same
scale before training a model. In this study, the fit_transform method in the MinMaxScaler
function from Python is implemented to normalize data. After finishing this step, all

transformed data will be transferred to train forecasting models in the next step.

3.1.3 Implementing Proposed Forecasting Models

There are three steps to implement proposed forecasting models. All details are
described as shown below.

1) Firstly, we divide the dataset into 75% of training data and 25% of validating data.
In addition, we split dataset randomly using 10-fold cross validation technique.

2) Secondly, the dataset is trained and validated using both statistic and recurrent
neural network forecasting models.

2.1) For statistic models, Seasonal Autoregressive Integrated Moving Average with

exogeneous factors (SARIMAX) and Multiple Linear Regression (MLR) are proposed due to
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the forecast characteristic as mentioned in the literature above. These two models are proper
statistical techniques to forecast linear behaviours and trends in complex problems [27, 28].

2.2) For a recurrent neural network model, Long Short-Term Memory (LSTM) is
considered to forecast the prepared number of printed sheet papers in the production
process. LSTM model works well with non-linear trends and captures the forecast pattern
using historical data [23, 29]. We configure four hyper-parameters: number of hidden layers,
number of hidden neurons, activation functions, and optimizers. The algorithm in [24] will
automatically choose the configuration that provide the lowest MAPE, RMSE and highest R?
scores.

3) Thirdly, we propose hybrid forecasting models by combining two single models.
The objective is to support the forecasting trend, both linear and non-linear. Therefore, one
hybrid forecasting model will be composed of a statistic model and a neural network model.
Regarding the mentioned criteria, two hybrid models are investigated in this study.

3.1) The first model is the hybrid LSTM-MLR.
3.2) The second model is the hybrid LSTM-SARIMAX.

These two hybrid models are inspired by [30], which provided the combination
between feedforward neural network and statistic forecasting models. However, the recurrent
neural network exhibits good performance with complex forecasting problems such as
production capacity and complex time-series data after comparing with the feedforward
neural network [31, 32]. Therefore, it would be an interesting perspective to enhance the
forecasting performance using the combination between recurrent neural network and
statistic models.

After finishing the experiment with all five forecasting models, we will evaluate the

forecasting performance. All details will be presented in the model evaluation section.

3.1.4 Model Evaluation

We perform all five forecasting models in both accuracy and correlation aspects. For
the accuracy aspect, we implement the Mean Absolute Percentage Error (MAPE), the Mean
Absolute Error (MAE), and the Root Mean Square Error (RMSE) to evaluate the error gaps
in quantity and percentage [33, 34]. For the correlation aspect, the coefficient of determination
(Rz) is considered to evaluate the correlation between forecast and actual quantities [35].

The formula of these indicators will be described below.
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1) Mean Absolute Percentage Error (MAPE)

|Xi -Yi]

A
MAPE = nZ‘ X

100 (1)

2) Mean Absolute Error (MAE)

MAE = 2ilxi |
n

3) Root Mean Square Error (RMSE)

RMSE = Z?M

4) Coefficient of determination (R?)
(4)

where X; is the actual demand for order i, Y; is the forecast demand for order i and n is
the forecast period

Additionally, we implement all forecasting models to forecast the number of prepared
papers at the production process in three different datasets.

1) Small dataset with 104 samples

2) Medium dataset with 440 samples

3) Large dataset with 5188 samples

In each dataset, we implement the featured selection method, which is Backward
Elimination [36], to choose some input parameters that impact the quantity of prepared paper.
These input parameters are chosen based on the p-value of less than 0.05 (confident interval
at 95%). Then, paper category, paper brand, grams of paper (GSM), paper source, and the

tall size of paper are considered as input parameters. The quantity of prepared paper is

considered as an output of each dataset.
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3.2 Cost Analysis
3.2.1 Data Gathering

To conduct cost analysis, we use actual historical data, i.e., machine speed, material
cost, labor cost, and overhead cost to calculate the cost of shortage and overproduction.
The shortage cost occurs when the amount of sheets processed is less than the required
amount. The previous process has to be fulfilled to cover the shortage before going to the
next process. The cost analysis does not concern the wait time that occurs during the
shortage. The overproduction cost is calculated using the paper cost and the material

consumption used in the process.

3.2.2 Model Evaluation

To conduct model comparison, we calculate the cost from each forecast output and
summarize whether the forecast output causes overproduction or shortage. The cost from
all outputs is summarized. As number of data points are different based on the size of the

dataset, we normalize the data to the range of 0 to 1 and compare the performance.

4. Results and Analysis
4.1 Evaluation of the Forecasting Model Performance

We experiment all forecasting models in three main datasets, which are small, medium,
and large datasets. All details are described below. In addition, the results in Table 1-3 and

Figure 4-6 will be demonstrated at the end of section 4.

4.1.1 Result of small dataset:

Regarding the results mentioned in Table 1, we experiment with the forecasting
performance in five forecasting models. Also, we consider five forecasting inputs: Paper
Type, Paper Brand, Paper GSM, Paper Source, and Stacked Sheet Height. The forecasting
output is the number of printed sheet papers. The data proportion is divided into 75% training
data and 25% validating data. The hybrid LSTM-SARIMAX provides the best performance
with accuracy aspect, which is measured by the lowest MAE and RMSE, while the hybrid
LSTM-MLR provides the best score of MAPE. For the coefficient of determination (R?), the
hybrid LSTM-SARIMAX still provides the highest score after comparing with other models.
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We can see the performance of the Hybrid LSTM-SARIMAX via Figure 4. For the overall

performance, we can see that both hybrid models outperform than single models.

Table1 The forecasting models’ comparison with a small dataset (104 observations)

Forecasting Model MAPE MAE RMSE R?
SARIMAX 65.18 1,235.82 1,790.74 0.908
MLR 58.66 1,468.44 1,771.55 0.895
LSTM 20.99 855.37 1,157.85 0.970
Hybrid LSTM-MLR 10.45 698.13 1,070.50 0.976
Hybrid LSTM-SARIMAX 12.51 679.68 987.29 0.980
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i
=

i
=

B
2

s
=

B0

000

Mo, of sheet papers

4000

2000

1 2 3 4 5 6 7 B 9 10111213 14 15 16 17 18 19 20 21 22 23 X4 25 26
Samplas

o LTE TR P TE S STy Y TR o

Figure 4 The comparison between actual and forecast outputs with the hybrid LSTM-

SARIMAX with a small dataset

4.1.2 Result of medium dataset:
Regarding the results mentioned in Table 2, we experiment with the forecasting
performance in five forecasting models. Also, we consider five forecasting inputs and one

output the same as the small dataset. The proportion of training and validating data is the
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same as a small dataset. The hybrid LSTM-MLR provides the best performance with
accuracy aspect, which is measured by lowest MAPE, MAE, and RMSE, while the hybrid
LSTM-SARIMAX provides the best score of R”. However, the hybrid LSTM-MLR has similar
score of R* with LSTM-SARIMAX. We can see the performance of the Hybrid LSTM-MLR
via Figure 5. The performance of these two hybrid models is quite similar and outperform

after comparing with single models.

Table 2 The forecasting models’ comparison with a medium dataset (440 observations)

Forecasting Model MAPE MAE RMSE R?
SARIMAX 65.81 2,072.88 2,316.93 0.883
MLR 63.67 1,498.32 1,776.03 0.896
LSTM 15.11 652.46 954.01 0.959
Hybrid LSTM-MLR 14.36 500.46 760.34 0.975
Hybrid LSTM-SARIMAX 16.85 623.14 847.70 0.978
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Figure 5 The comparison between actual and forecast outputs with the hybrid LSTM-

MLR with a medium dataset
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4.1.3 Result of large dataset:

Regarding the results mentioned in Table 3, we experiment with the forecasting
performance with five forecasting models. Also, we consider five forecasting inputs and one
output the same as the small and medium datasets. The proportion of training and validating
data is the same as a small dataset. The single LSTM provides the best performance in both
the accuracy (MAE, MAPE) and the coefficient of determination aspects. We can see the
performance of the LSTM via Figure 6. Nevertheless, the performance of hybrid LSTM-MLR
and LSTM-SARIMAX are similar to the single LSTM model based on all accuracy indicators

and the coefficient of determination.

Table 3  The forecasting models’ comparison with a large dataset (5188 observations)
Forecasting Model MAPE MAE RMSE R?
SARIMAX 125.26 1,939.23 2,838.99 0.533
MLR 137.80 2,105.22 3,003.88 0.539
LSTM 20.39 401.47 705.85 0.978
Hybrid LSTM-MLR 27.89 429.41 656.00 0.978
Hybrid LSTM-SARIMAX 31.69 463.33 704.16 0.973

Mo, of sheet papers
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Figure 6 The comparison between actual and forecast outputs with the LSTM model
with a large dataset
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Based on the investigation of forecasting performance from three datasets, we can
find that the hybrid models, both LSTM-SARIMAX and LSTM-MRL, provide the best
performance on both small and medium datasets. However, for the large dataset, the single
LSTM provides the best performance in both the accuracy and the coefficient of
determination scores. Both hybrid models still provide similar performance to the single LSTM
model in the large dataset. One of the interesting reasons why the hybrid model indicates
higher error gaps and lower correlation in the large dataset is the large error gaps on both
MLR and SARIMAX. These error gaps from these two models will impact the performance
of hybrid forecasting models. Conversely, the hybrid models achieve better forecasting
performance for overall results after comparing with single forecasting models. The
advantage of hybrid models in this study show that they deliver good forecasting results with
both linear and non-linear trends for counting printed sheet papers.

The forecast output from three datasets will be implemented to do the costing analysis.
In this case, we would like to demonstrate how the forecast output impact the total cost in
the production process. All details will be described in the evaluation of the costing

performance section.

4.2 Evaluation of the Costing Performance

In addition to forecasting accuracy, we compare the process cost that occurs when
using different forecasting systems. The cost can be categorized into 2 different groups:
underestimate and overestimate costs. The underestimate cost occurs when the prediction
amount is less than the actual amount of paper on the pallet. This causes the problem in
the next production process. If the worker finds out later that the amount of paper is less
than the required amount during the consequent production process, the worker must rework
the previous processes all over again to compensate the paper shortage. On the other hand,
overestimate cost represents the cost that occurs when the prediction amount is more than
the actual one. The surplus of the paper is therefore an overproduction cost. We can
summarize the additional cost that occurs from both overestimate cost and underestimate cost
as shown in Table 4 and Figure 7. Our proposed hybrid approaches show promising results.
Hybrid LSTM&MLR model shows the lowest cost in small-sized and large-sized datasets,

while the hybrid LSTM&SARIMAX model shows the lowest cost in medium-sized dataset.
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These results demonstrate that both hybrid models can help the company reducing both

overestimate and underestimate costs in the production process.

Table4 Cost Comparison

Forecasting Model Cost Normalized Cost
Small Medium Large Small Medium Large
SARIMAX 816,440.19 1,373,386.30 40,952,587.61 1.00 0.46 1.00
MLR 656,762.91 2,339,267.15 31,287,155.14 0.76  1.00 0.67
LSTM 212,539.82 594,108.07 12,005,481.17 0.09  0.03 0.01
Hybrid LSTM-MLR  151,377.71 542,278.55 11,587,522.81 - 0.00 -
Hybrid LSTM-
172,725.61 534,812.96 11,870,174.28 0.03 - 0.01
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Figure 7 The cost comparison with different forecast models

4.3 Managerial Implications
The current production procedure can be summarized in Figure 8. Without the hybrid

forecasting model, the operator at the consequent production process has to confirm the
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quantity of the stacked sheet on the pallets before starting the production process. If the

shortage occurs at this stage, the operator has to inform the production planner to schedule

rework. With the hybrid forecasting model, as shown in Figure 9, the operator at the

consequent production process does not need to confirm the stacked sheet quantity, thus

the production process will be more continuous without unnecessary wait time.
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Figure 8 Operation Processes (Before Improvement)
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Figure 9 Operation Processes (After Inprovement)

5. Conclusions

In this study, we propose a hybrid forecasting approach to support production floor
operation in printing industry. The forecasting techniques can help operators to easily
determine the quantity of stacked sheet papers by using a simple technique like
measurement tapes. Moreover, the hybrid approach can reduce the problem of overestimate
and underestimate costs in the production process. The system can be implemented in any
stacked sheet papers throughout the company’s production processes without concerning
various lighting conditions like other novel concepts, such as image processing and laser
counter. It is by far one of the most cost-effective options to handle this problem. In addition,
this approach does not limit with paper counting only. This approach can be applied in the

counting process of other types of raw materials and finish goods that require precise

UnAIUIY ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




53 Kasem Bundit Engineering Journal Vol.12 No.3 September-December 2022

quantity, but the counting process is too complicated and time-consuming, such as, plastic

sheets, aluminum sheets, etc.
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ABSTRACT

An at-grade light rail project has been initiated in Phuket, Thailand. The line runs through
the city streets with several signalized intersections and large roundabouts. The study aims
to explore traffic control strategies in order to provide transit progression while minimizing
delays in other vehicles. A software package, TRANSYT, was used to establish the optimized
signal timing and coordination. VISSIM, a microscopic simulation software package, was also
employed to simulate and evaluate the efficiency measures to recommend the best scenario.
The test scenarios included 1) unsignalized control without light railway transit (LRT),
2) unsignalized control with yield, 3) unsignalized street vehicle control with actuated signal
control for LRT, 4) fixed time signal and 5) signalized street vehicle control with transit
actuated signal. The best traffic control scheme was found to be unsignalized street vehicle
control with actuated signal control for LRT due to its short queue length and low average
street delay.

KEYWORDS: LRT, at-grade intersection, actuated traffic signal, roundabout

1. Introduction

Phuket is one of the most famous tourist destinations in Thailand. Due to the expanding
tourism industry, high travel demand, and severe traffic congestion, the Office of Transport

and Traffic Policy and Planning (OTP) initiated a light railway transit (LRT) project in an
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attempt to alleviate traffic congestion, increase the city’s mobility, and lower pollution caused
by transportation for an eco-friendlier lifestyle and reduction of traffic congestion.

The Phuket LRT project was planned as a 58.6 km route, divided into two phases. The
first phase of the project embraces a 41.7 km route from Phuket International Airport to
Chalong intersection. The second phase involves an extension to the north from the
intersection between Highways 402 and 4026 to Tha Nun station, which is also the future
terminal station of the State Railway of Thailand (SRT) Surat Thani-Tha Nun line. The LRT
network consists of 24 stations [1]. The project feasibility study was conducted in 2017, and
the LRT was due to start the operation in 2021. The project was first specified as a tram
system. Later in 2021, the LRT plan was replaced by Autonomous Rail Rapid Transit (ART)
[2]. Thus, the design of the project had to be revised accordingly. Nonetheless, both LRT
and ART share the same characteristics in that they both are operated on the at-grade “type
B” right-of-way which offers an exclusive public transport lane with intermittent at-grade
intersections with street traffic [3].

The LRT project in Thailand is relatively new for transport planners. The detailed study
on light railway operations has not been carried out to date. One of the most challenging
elements is probably the traffic signal timing and phasing which have not been prepared
explicitly. The signal plan should be designed to accommodate the uninterrupted movement
of transit vehicles while maintaining an acceptable level of service for street vehicles.

This study explores strategies to facilitate transit progression and minimize street vehicle
delays at Surin Clock Tower which is a roundabout section included in the second phase of
the project. The complex nature of the roundabout calls for special phasing coordination to
prevent street gridlock over limited storage space while reserving sufficient green time for

transit vehicle movement.

1.1 Physical Properties of the Roundabout

Located in a high-density residential zone of the south urban area, the roundabout has
five legs and two circular lanes. The inner diameter of the roundabout is approximately 35
m. Figure 1 illustrates the plan of the roundabout and provides street views of connecting

roads.
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@&\
Unscaled model from TRANSYT

Figure 1 The plan, the TRANSYT model and the roads approaching the Surin Clock

Tower roundabout [4]

The roundabout connects 4 roads. Phuket Road is a two-lane road with parking spaces
in an approximate north-south direction. Montri Road is a two-lane road with curbside
parking spaces connecting the roundabout on the northeast. Soi Surin is a one-way single-
lane road with parking spaces and expands to a two-way, two-lane road as it approaches
the roundabout on the southeast. Lastly, Soi Talingchan is a two-lane road connecting the

roundabout on the west.

1.2 Traffic Management and Transit

At present, the roundabout is unsignalized. Traffic flows clockwise as the left-hand
driving rule applies. Priority is given to vehicles in the roundabout over those entering it. As
the roundabout geometric design permits, the yield control rule is applied instead of stop

control. When LRT is in operation, priority shall be offered to transit vehicles first.
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The 2017 feasibility study estimates that the LRT will serve up to 70,000 passengers
per day in the opening year 2021 (2564 BE). With the recent proposal for the new system,
the railway transit vehicle model for the project has not yet been decided. This study still
assumes that traditional electric trams will be used as transit vehicles. The tram specifications
define the car length of 30-40 m and the car width of 2.40 or 2.65 m with a capacity of 200
passengers. Tramcars will be driven manually by line-of-sight operation. The service runs at
an average speed of 20-40 kph in the Phuket town area and a maximum speed of 80 kph
in the outer part of the town. The operation has been flexibly planned to allow coordination
with other future projects such as one-way street arrangement and transit-oriented
development. The LRT will initially run with an average frequency of 6 cars/hr (headway of
10 minutes) in the town area. The tram will run through Surin Clock Tower Roundabout in

both directions of Phuket Road in the first phase of operation.

2. Literature Review

Transit Signal Priority (TSP) gives the transit vehicles priority, which is beneficial to
transit cars and results in lower delay. TSP can be categorized into passive, active and
adaptive types. Passive signal priority relies on static signal planning and requires no
interaction between the traffic signal system and transit vehicles [5]. Active signal priority
applies some communication between the ftraffic signal system and transit vehicles [6].
Adaptive signal priority collects real-time data and adjusts the signal control according to
traffic situations.

Passive signal priority is generally carried out at a lower cost since there is no need to
install vehicle detectors. On the other hand, active signal priority requires the detection of
vehicle presence, speed, and density. The location and alignment of the detectors also affect
the performance of the signal at various flow levels. At a higher flow rate, and the further the
detector from the intersection, the active setting could better clear queues and lower transit
delays [7].

Passive signal priority in the urban area is usually designed to maximize bandwidth for
transit vehicle progression. Active signal priority could interrupt the offset of the signal, which
could result in negative impacts on the network. There are methods to recover to the original

settings, for example, compensating in the next cycle [8]. However, the active signal priority
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might have downside effects on the non-prioritized side streets, especially under high flow
situations. Delays on side streets would likely increase due to residual queues [9]. The effect

on side streets could also be taken into account using a passenger-based approach [10].

3. Materials and Methods
3.1 Data Collection and Management

Traffic volume statistics were collected during morning peak hours over 5 weekdays.
Four cameras were set up. The traffic volumes entering and leaving the roundabout at each
leg were recorded with the traffic composition as shown in Figure 2. These traffic volumes
were then converted into Passenger Car Units (PCU) using the passenger car equivalent
(PCE) factors given by OTP, as shown in Table 1. The design turning movement count
(TMC) volumes of street vehicles were analyzed as shown in Figure 3. The TMC volumes
were distributed proportionally to each traffic node. Table 2 shows traffic volume balancing
in the origin-destination matrix (OD matrix). The most critical movement was found to be the

north-south movement from nodes 1-10 to nodes 14-16, with a traffic volume of 515 PCUs/hr.

Bus

. . Vehicle Class Percentage
0.94% Bicycle, Tricycle
Car>7 0.12% Bicycle, Tricycle 0.12
passengers
0.64% Motorcycle 62.84
Truck
9.62% Car<7 passengers 25.84
Car < 7 passengers Car > 7 passengers 0.64
25.84%
Light Bus 0.25
Medium Bus 0.45
Heavy Bus 0.24
Motorcycle
62.84% Light Truck 8.99
Medium Truck 0.64

Figure 2 Composition of collected traffic data
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Table1  Passenger Car Equivalent (PCE) Factor [11]

PCE factor
Vehicle Class Signalized
Urban Rural Roundabout
Intersection
Private Car, Taxi, Light Truck 1.00 1.00 1.00 1.00
Motorcycle 0.75 1.00 0.75 0.33
Medium to heavy truck 2.00 3.00 2.80 1.75
Heavy bus 3.00 3.00 2.80 2.25

Figure 3 Turning movement counts (TMC) and the desire lines of the volume assigned

to Surin Clock Tower Roundabout in PCUs

Table 2  OD matrix (PCUs/hr)

Destination
1-10 11 12 13 14-16 Sum
Origin
1-10 0 84 284 162 515 1045
11 46 0 50 28 89 213
12 21 6 0 17 55 99
13 0 0 0 0 0 0
14-16 94 27 93 53 0 267
Sum 161 117 427 260 659
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3.2 Assumptions and Scenarios

To simulate traffic operations, assumptions were made as follows:

1) The time period of the simulation is within the first ten years of operation

2) Transit vehicles run on the median with an exclusive lane (left-hand side)

3) Transit drivers drive on sight and are responsible for the safe operation of the vehicle,
i.e., keeping a safe distance between vehicles, respecting radio instructions from the control
center, driving at a safe speed and being able to stop safely according to environmental
conditions, speed restrictions, LRT signaling color aspects and other operating instructions.

Five scenarios were assigned with the same design volumes. All vehicles run at the

cruise speed of 30 kph. The transit vehicles run with a frequency of 6 cars/hr. The five

scenarios are set as follows:

3.2.1 SC1: Unsignalized control without LRT

This scenario replicates the base network when the LRT project has not been

executed. The street vehicles yielded when entering the roundabout.

3.2.2 SC2: Unsignalized control with yield

This scenario was treated as the base scenario. There is no traffic signal control in
the conflict areas. All entering vehicles must yield to vehicles already in the roundabout.

Both entering and roundabout vehicles must always yield to the transit vehicles.

3.2.3 SC3: Unsignalized roundabout with actuated signal control for LRT

Street vehicle traffic would run with a green signal with yield in the base scenario.
However, LRT vehicles had priority to pass the intersection using the actuated signal. The
expressions were as shown in Table 3. The detectors were placed 80 m upstream before
the stop. The distance from the detector to the stop was calculated using the LRT speed of
30 kph, intergreen (i.e., yellow plus red time) time of 5 s and LRT deceleration rate of 1.2
m/s’. The logic file was created using VISVAP, as shown in Figure 4. Two stages were
assigned: Stage 1 for street vehicles and Stage 2 for transit vehicles. When the individual

upstream sensor detected a vehicle, it would trigger a request for a transit priority signal.
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The signal only changes when all the LRT vehicles that enter the intersection have safely

passed the downstream detector.

Table 3  Expressions for VAP logic for SC3

EXPRESSIONS Contents Comment
DetNB_UP Occupancy( 501 ) > 0 | Northbound Upstream detector
DetNB_DWN Occupancy( 502 ) > 0 | Northbound Downstream detector
DetSB_UP Occupancy( 503) > 0 | Southbound Upstream detector
DetSB_DWN Occupancy( 504 ) > 0 | Southbound Downstream detector

3.2.4 SC4: Fixed Time signal

The signal timing was set to run repeatedly regardless of traffic volume variations.
Signal timing was designed using TRANSYT with the focus on reducing transit delay. This
is equivalent to the passive transit signal priority where transit delay is minimized by the
signal progression. However, if an LRT vehicle arrives during the red time, it must wait for

the signal to complete the cycle until the green is given.

3.2.5 SC5: Signalized Street vehicles control with transit actuated signal

The logic file, as shown in Figure 5, was coded based on the existing study [12] and
a Vissim tutorial [13]. The expressions were as shown in Table 4. In this scenario, if there
was no LRT vehicle approaching the intersection, the signal plan would be the same as in
the fixed time signal scenario. If the LRT vehicle approaches the intersection, it runs over
the detector placed upstream of the intersection. The upstream detector then sends a signal
to actuate the signal control of the intersection. The signal controller gives arriving LRT
vehicles priority over other street vehicles to pass the intersection or roundabout by calling
the signal stage accommodating LRT movement (Stage 4) after finishing the minimum green
time of the current stage. “NEXT” indicates the next stage after finishing Stage 4. The
“Excess4” variable stores the excess green time of Stage 4 of the current cycle to
compensate by giving more time for other stages by reducing the green time of Stage 4 in
the next cycle. After the LRT vehicle has passed the downstream detector, the signal shifts

to the stage specified by NEXT.
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Table 4 Expressions for VAP logic for SC5
EXPRESSIONS Contents Comment
DetNB_UP Occupancy( 501 )>0 Northbound Upstream detector
DetNB_DWN Occupancy( 502 )>0 Northbound Downstream detector
DetSB_UP Occupancy( 503)>0 Southbound Upstream detector
DetSB_DWN Occupancy( 504 )>0 Southbound Downstream detector
MaxG1Int (Interstage_length( 7 , 1 )+G1) | Interstage5s+G1
MaxG2Int (Interstage_length( 1, 2 )+G2) | Interstage5s+G2
MaxG3Int (Interstage_length( 2 , 3 )+G3) | Interstage5s+G3
MaxG4Int (Interstage_length( 3 , 4) Interstage5s+ExcessG4formerG4
+Excess4+G4) +G4
MaxG5Int (Interstage_length( 4 , 5 )+G5) | Interstage5s+G5
MaxG6Int (Interstage_length( 5, 6 )+G6) | Interstage5s+G6
MaxG7Int (Interstage_length( 6 , 7 )+G7) | Interstage5s+G7
LRTExtendCheck | (Interstage_length( 3 , 4 ) Interstage5s+G4-
+G4-LRTtoStop) ApproachingLRTtime:10s

3.3 TRANSYT and Vissim

To develop signal timing plans using TRANSYT, network inventory data (e.g., number
of lanes, length, route alignments), traffic stream characteristics (e.g., traffic counts, speed,
route decision) and traffic control (e.g., right of way, signal controllers and signal groups)
were required. Subsequently, TRANSYT would provide signal timing along with other
measurements (e.g., progression, delay) based on those inputs. The Vissim simulation could
be started by coding with the same input data used in TRANSYT and signal timing from
TRANSYT. The simulations were run, then the average measurements of each run, such as
delay, travel time and queue length, were obtained. Each scenario was run with varied transit

headways and proportionally varied street traffic volumes.

Research Article
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3.4 Signal Phasing and Timing

The signal control of the roundabout was planned as a series of three intersections that
were closely located under the same controller. Seven possible movements were placed into
three groups, as shown in Figure 6. The traffic signal stages could be arranged as shown in

Figure 7, aiming to achieve traffic progression for all legs and prevent spillback.

Figure 6 Signal head groups
Considering the width of the intersections within the roundabout, the intergreen and

minimum green times were set to 5 and 7 seconds, respectively. For the cycle time of 40

seconds, these were set to 4 and 6 seconds to satisfy the cycle time limit.
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|
L

L\ ; KTl -ch - _.TL> _.TL\

W

Stage | Movement Stage
1 247 1
2 267 2
3 261 3
4 361 4
5 561 5
6 541 6
7 547 7

Figure 7 Signal control stages
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4. Results and Discussion

The results from TRANSYT and Vissim were collected using different tools. TRANSYT
allows the user to collect both total network and individual link performance. The results from
Vissim were collected using the Vehicle Travel Time and Queue Counters tool placed on the

network.

4.1 Results from TRANSYT

The signal timings are as shown in Table 5. The green time (G) is the difference

between the starting green time (GS) and the ending green time (GE)- Figure 8 shows an
example of a signal timing plot at the cycle length of 90 seconds. The horizontal axis

represents time and the vertical axis represents signal group/movement.

Table 5 Signal Timing from TRANSYT (s)

Signal Group/Movement
Cycle Time (s) Time in a Cycle
1 2 3 4 5 6 7
Gs 33 23 38 13 8 28 18
40 Ge 14 34 4 24 19 9 29
G 21 11 6 11 11 21 11
Gg 14 2 20 39 33 8 45
50 Ge 40 15 28 3 47 34 9
G 26 13 8 14 14 26 14
Gs 35 22 41 9 3 29 15
60 Ge 10 36 58 24 17 4 30
G 35 14 17 15 14 35 15
Gs 18 5 24 57 51 12 68
70 Ge 63 19 46 7 70 52 13
G 45 14 22 20 19 40 15
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Table 5 Signal Timing from TRANSYT (s) (continued)

Signal Group/Movement
Cycle Time (s) Time in a Cycle
1 2 3 4 5 6 7
Gs 16 74 22 56 50 10 66
80 Ge 61 17 45 5 69 51 11
G 45 23 23 29 19 41 25
Gs 16 1 23 68 62 10 81
90 Ge 76 18 57 5 86 63 11
G 60 17 34 27 24 53 20
Gs 5 88 14 68 62 99 78
100 Ge 73 9 57 94 83 63| 100
G 68 21 43 26 21 64 22
Gs 3 88 9 65 59 | 107 78
110 Ge 73 4 54 | 102 83 60 | 108
G 70 26 45 37 24 63 30
Gs 58 42 73 21 15 52 32
120 Ge 27 68 10 47 37 16 53
G 89 26 57 26 22 84 21

w5 01 B . e o4 El e & ® i BRI

3 tems

1Item

4 tems

1 ltem

2ltems

2tems

2 tems

Figure 8 The signal design at cycle length =90 s from TRANSYT
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The network was coded in TRANSYT. The saturation flow rate of each lane was estimated
and varied by its turning operation. The exclusive left turn, right turn and through lane had
saturation flow rates of 1425, 1600 and 1675 PCUs/hr/lane. The left-through and right-
through shared lanes had saturation flow rates of 1600 and 1625 PCUs/hr/lane, respectively.

For the fixed time scenario, various cycle times were tested under prevailing traffic
conditions. The signal timings were evaluated using data from TRANSYT. Measures of
effectiveness include v/c ratio, delay and bandwidth efficiency and attainability, as shown in
Figure 9. Other parameters were external maximum queue length on the roundabout and
average delays of southbound, northbound and LRT cars, as shown in Figure 10.

From the evaluation results, a cycle time of 90 seconds was chosen in actuated signal
scenarios. The selected cycle time resulted in a low average delay for both street and transit
cars, v/c ratio and external max queue length. This cycle time also yielded high bandwidth
efficiency.

1.00

*'“n...*,....--*""'"'*, ------- & .......*...-...*.......*.......* el intersection

vlc

bandwidth efficiency

0.50
e *——o- —0— *— L J

oo oo Attainability (%)=
(Bandwidth/Min. Artery Through

0.00

40 50 60 70 80 90 100 110 120
Cycle Time (s)

Green)

Figure 9 The relationship between v/c ratio, bandwidth efficiency, attainability and

cycle time of fixed time scenario

60 eccofpecees Delay SB (s)

o
S

= =@ = = Delay NB (s)

= & «= Avg Tram delay 6 car/hr (s)

Delay (seconds)
(42
o
\
Max Queue Length (seconds)

——— Avg Tram delay 12 car/hr (s)

40 50 60 70 80 90 100 110 120 External Max queue length
Cycle Time (s) (PCU)

Figure 10 The relationship among average delay, external max queue length and cycle

time of the fixed time scenario
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4.2 Results from Vissim

Each scenario was simulated with multiple runs with the same set of seeds. The total
runtime of each simulation was 4,500 seconds, with the initializing period of 900 seconds or
15 minutes to bring the traffic to the steady state. The statistical data were collected in the
next 3,600 seconds or 60 minutes. After the simulation runs had been completed, the
average indicators from 5 runs were taken using the queue counter and travel time
measurement tool in Vissim for key movements as shown in Figure 11a. The average delay
of the roundabout was the result of the weighted mean delay from all movements as shown

in Figure 11b. The total and average delay was as shown in Table 6.

a)

Figure 11 The Vissim Travel Time tool placements a) legs and LRT, b) traffic going

e D)

through the roundabout

Table 6 The Average Road and LRT Delay Results from Vissim
Avg. Road Delay (s) Avg. LRT Delay (s)
Scenarios Headway (min) Headway (min)

10 7.5 6 5 10 7.5 6 5
SC1 8.12 5.91
SC2 7.04 6.66 6.98 6.85 0.04 0.01 0 0
SC3 5.85 5.78 5.78 5.96 1.21 1.21 1.26 1.25
SC4 33.92 33.92 33.92 34.38 16.11 8.76 8.83 16.19
SC5 35.42 34.45 35.18 33.55 11.74 0.78 0.78 8.45

Faculty of Engineering, Kasem Bundit University
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Figure 12 shows that the unsignalized street vehicles control scenarios (SC1, SC2 and
SC3) had significantly lower average street vehicles delay compared to the signalized control
scenarios (SC4 and SC5). This may be true if the street volumes were not so high and these
vehicles were able to maneuver around one another perfectly. Introducing signalized control
would inevitably generate additional delay while ensuring a higher level of safety. The street
vehicle delay from the actuated signal control scheme (SC5) was slightly higher than that
from the fixed-time control (SC4). However, using actuated transit priority control cut down
the LRT delay in SC5 approximately by half compared to SC4 as shown in Figure 13. Transit
headways ranging from 6 to 7.5 minutes resulted in similar LRT delays for SC2, SC3, and

SC5 schemes.

40.00

30.00

20.00

Average Street Delay (s)

10.00

LRT Headway (min)

Figure 12 The relationship between average street delay and LRT Headway

20.00
15.00
10.00

5.00

Average LRT Delay (s)

0.00

LRT Headway (min)

Figure 13 The relationship between average LRT Delay and LRT headway

It is always difficult to claim a good estimate of future traffic volumes with limited data.
Instead, different volume growth rates were tested in this study to understand their impacts

on street delay, average queue length and maximum queue length, as shown in Figure 14,
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Figure 15, and Figure 16. In the morning peak hours, the approach with the heaviest traffic,
hence the longest queue, was the southbound direction entering the roundabout.

This southbound leg was considered the critical approach where the delay and queue
length were measured. The unsignalized control with transit actuated phase (SC3) showed
the lowest delay. The other two unsignalized control schemes (i.e., SC1 and SC2) also
showed low street delays but there was a sharp climb when the street volumes increased
by 20% and 30%. The street delays from SC4 and SC5 were higher for the current traffic
conditions but increased with lower rates at the higher traffic volume. At higher volumes,
SC5 with signal control actuation tended to have average shorter queues compared to SC4
as in the previous study [7]. The average queue length presented the same trend for all five
scenarios. The maximum queue lengths for unsignalized control schemes, however,
increased sharply with street volumes. The delays from these three scenarios almost
matched those from signalized schemes when street traffic volume increased by 30%. With
extremely unbalanced travel demand, especially the southbound movement, the signal
design that based on maximizing bandwidth for vehicle progression was proved to have
severe negative effects on side streets for both delay and queue length as in the previous

study [9].

60.00

—@— sCt1
50.00

40.00 ——fl— SC2

30.00

Average Street Delay (s)

20.00
..... O SC4

10.00

—@— sC5
0.00

Street Vehicles Volume Increment (%)

Figure 14 The relationship between average street delay and street vehicles volume

increment percentage
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70.00
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60.00
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40.00

- - —sc3
30.00

20.00
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10.00
—@— SC5

0.00

Street Vehicles Volume increment Percentage

Figure 15 The relationship between average queue length and street vehicles volume

increment percentage

220.00
200.00
180.00
160.00

140.00

Max Queue Length (meters)

Street Vehicles Volume increment Percentage

Figure 16 The relationship between max queue length and street vehicles volume

increment percentage

5. Conclusion and Recommendation

Surin Clock Tower Roundabout currently accommodates a medium range of traffic
demand during peak hours and is expected to carry a much larger volume in the future. The
critical movement is necessarily southbound through traffic where the traffic demand is
highest and long queues are often observed. However, under the current scheme where
the LRT is not in place, the roundabout will be able to accommodate future traffic with
reasonably low delays and acceptable queue lengths for all approaches. LRT installation

and operation will adversely affect traffic condition. The optimum roundabout control scheme
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is needed to balance the trade-off between the street traffic delay and public transport
progressive movement. This study investigated and compared four improvement schemes
for roundabout control using some measures of effectiveness obtained from microscopic
simulations.

Undoubtedly, the unsignalized control with yield scheme (SC2) resulted in the lowest
street vehicle and LRT delay as it did not require either to stop or yield unless absolute
movement conflicts occurred. The unsignalized roundabout with actuated signal control
scheme (SC3) yielded equally low street delay and queue length. This scheme has a slight
advantage because it allowed part of the critical southbound street movement to freely enter
the roundabout simultaneously with the LRT. Thus, this scheme would receive less delay
from this approach and queues could be cleared more easily. Under the actuated public
transport priority signal control, the LRT would experience similarly good progression and
minimal delay as for the unsignalized control scheme. The fixed-time signal control (SC4)
produced by far the worst outcome in terms of both street vehicle and LRT delays as it
continually gave green to all approaches regardless of vehicle absence. SC5 which applied
the optimum fixed-time signal planning on street vehicles only and inserted an actuated
phase for LRT proved to be much more effective in reducing delays to the LRTs although
the street vehicle delay was not significantly improved.

For Phuket LRT operations, this study would suggest using SC3: Unsignalized street
vehicle control with transit actuated signal control due to its low average street delay, transit
delay and queue length. The actuated signal control could provide safer operations while
providing necessary transit priority. The automatic physical barrier could be installed at the
at-grade intersection to ensure traffic safety. When the street traffic volumes increase in the
future, by more than 30% of the current condition, signalized control with transit priority could
be considered to minimize the impact of queue length and spillback to the upstream
intersection.

This study necessarily focused on transit signal priority through the roundabout in the
north-south direction. For future research, the comparison with signal designs on the
roundabouts with different characteristics could be implemented. The effects on side streets
could also be considered and managed, for example, using the adaptive traffic control
system. Moreover, the scope of the study included only an isolated roundabout. Further

research could consider a larger part of the network involving traffic signal progression
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through the nearby intersections. Other roundabouts could be selected for comparative

studies and alternative signal timing strategies could be tested.
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ABSTRACT

This research presents the separation of the linear transfer function of nonlinear systems

based on the perpendicular properties of the Gaussian White Noise signal as the input signal.
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The input and output signals are continuously collected in real time to average the signal
and to avoid excessive memory usage, Circular Buffer has been applied. The Goyder's
technique performed well in separation linear signal for the mathematical modeling test. The
transfer function also produced accurate results with a 0.003% error when it was used to
calculate the linear system parameters. This method's drawback is that the signal must be
averaged for a considerable amount of time and the transfer function's quality must be
visually examined. When the transfer function becomes steady, the signal measurement will
come to an end.

KEYWORDS: Gaussian White Noise signal, Circular Buffer, Goyder’s technique
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ABSTRACT

The objectives of this study were to analyze the use of microcrystalline cellulose extracted
from Typha angustifolia L. trees obtained from Songkhla province. Microcrystalline cellulose
was extracted from Typha angustifolia L. trees via hydrolysis treatment using sulfuric acid
(H,SO,). The study found the Cellulose, Lignin, and Hemicelluloses to be 75.47, 8.33, and
9.40 %, respectively. The morphology of the microcrystalline cellulose was characterized
using a field emission scanning electron microscope (FESEM). The result of the physical
properties showed a microcrystalline cellulose fiber length of up to 230 micrometers. Fourier-
Transform Infrared spectroscopy (FTIR) was used to identify the chemical composition and
X-ray diffraction analysis (XRD) showed crystallinity microcrystalline cellulose appearing at
peaks 16, 22, and 35 degrees in relation to the plane (101), (101), and (002), respectively.
The thermal stability was investigated using the thermogravimetric analysis (TGA) method
displayed the decomposition of carbon in the cellulose structure. The detergent method result
showed that Typha angustifolia L compound produced a high content of phase cellulose of
up to 75 %.

KEYWORDS: Microcrystalline cellulose, Typha angustifolia L., Agricultural residues
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a oA Ao v ad = o o A a a
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f19ainazona wazduinassluaisazarvezdantvinefALd unanvasloidsy
laasan’lod 27 N3y waznIARzBAn (CH,COOH, J.T. Baker) USanas 75 dadaas

TuAAUNA 2 N3zUIMNINANT1I (Bleaching treatment) uwazmslalaslada Tdunouasii
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45 99ALTaLSUE 30 WT LRIAILATNTaLAUAZNaUAN pH 7 aulRLRI 60 asrLTaL T E
24 1139 [9]
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2.2 MINAFDUANLAANS
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faInT0shaNanoaaTw (Field emission scanning electron microscope, FESEM) 3% Apreo
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LﬂﬁﬂuLLﬂaaﬁWﬁﬂmadmﬂQalmﬁ'ﬂqmau'ﬁ'amamm%auﬁamﬂ‘%aﬁmﬁ:ﬁﬂmauﬁﬁma
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A 9 a o - a A
wilwauas) B fa aAnuninamivgigandunibiniamiareinnnugs (udow) waz 6, e
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3. WAN15I9Y
3.1 ANBKINIINIYATN AMNT® u,azmswaaﬁwaoﬁgauﬁnmag‘[aaﬁﬁomﬁzﬁ
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AN 1 ‘wmf’lLbﬁagiaaﬁ%Lmﬁzﬁmﬂfgﬂmﬂﬁﬂ%mmvﬁagiaaLaﬁmgaﬁa 75.47 \asidud
shmaﬁuﬁagiaa Aniu wazAMNTW JUSNNDE 9.40, 8.33 AT 3.17 LWaSLTUA aNEIAY LAz
a % Ff =& a8 A a ~ o Ao A o A = @
InIwedan 6.49 Wasidud JuilatdSouiaunudinwidedn 9 a3a19199 1 aztRwladn
USunougaglasfdnanzianpodsuddigininaaglasildandouazWietng o
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6 & 6 o L =3 o v 1a tﬂl s wUR A |a v ' %
Wasiiud ausau wmlﬂﬂimmtmagiawaal,ﬂswzﬂﬂaauﬂsmmmﬂuammnmanumw

NoLARzTRA [2, 11]

Ui 1 () dngilgE uaz () anpazgandnoaglasoinglgnieiaalea

P 3 = = = S [ ao A
M1929N 1 mﬂﬂsznan'ﬂaoqaﬂanmagfaamngﬂmﬂ wW3guaunuI VL%

”EW). Cellulose (%) Lignin (%) Hemicelluloses (%) 21999
luiasnzia 81.6 0.8 15.9 2]
P8 77.6 0.87 214 [12]
Mg 75.1 0.94 19.3 [12]
W9112 71.2 1.32 17.4 [12]
LNAL 33.0 7.0 26.0 [13]
pallagte 75.47 8.33 9.40 nuisuil
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3.2 M7ATzRlAEsaNIARIBMARANIIIATIZANM SR IUBIBISITE NG
a Y 'Y a = A o & a
nnmylanedlasiaiinamadisinaiia XRD qanfnioaglasfisianzinnglme
uLgaaa93UN 2 wudidradadilassaiindnvesaglaguaaifidiuniinan 207 16, 22
LAz 35 896 ﬂauanﬁw‘hLmuwao‘[maaﬁ”wwamaﬁ“[aa I (Cellulose /) 3w (101), (101)
WAz (002) MNEGL (JCPDS. No. 03-0226) tladuimanuidundn (Crystallinity index, 1)
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(FESEM)
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NRINNNITNARaUAIRUIznaun1Laiials FTIR maoﬁ;awﬁﬂLmagiaaﬁé}'@mﬁ:ﬁmn
@Tugﬁmﬁ LLamﬂ”\‘lgﬂﬁ 4 WUINEURUILa AT 1,634-1,640 LTHALNGT " az 3,300
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Furialaundn 1,640 Lrudway uaasnsiasanves C=0 1o'lad (Amides) as8Usznay
PBIANTAUILWUN G UAUILAVARY 1,600-1,300 LHUALNAT " U9UaNAIANRUULAZ NN TEUDBI
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ABSTRACT
This paper shows suggestions to develop the elevated cycle path in Bangkok, Thailand.
Previous bicycle-related studies in Thailand as well as various completed and successful sky
lane projects from other megacities were reviewed. Subsequently, difficulties and potentials
to promote bicycle usage in Thailand were identified and grouped into eight key issues
consisting of 1) Weather conditions, 2) Number of cyclists, 3) Unsafe conditions, 4) Standard
and Regulations, 5) Thai peoples’ undesirable values, 6) Bicycle facilities, 7) Limitation of
the project area and Connectivity to local business, and 8) Economically feasible but not in
finance. Furthermore, while the introduction of elevated bike lane projects in Bangkok will
alleviate some problems, it will exacerbate financial difficulties. Finally, some policy-related
recommendations for the development of elevated cycle paths in Thailand were introduced.
KEYWORDS: Elevated Bike Lane, Elevated Cycle Path, Sky Lane, Sustainable

Transportation.

1. Background

Non-motorized transport modes are often considered an essential element of the
sustainable transport system. These include walking, cycling, rickshaws, animal-drawn carts,
and rollerblading or skating. Cycling is widely recognized as an environmentally friendly and
healthy mode of transportation. Moreover, cycling is an individual mode not only short but

medium-distance travel with low costs and high efficiency in the use of road space [1,2].
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However, many studies [3-7] point out some limitations to implementing bicycle paths and
encouraging cycling in Thailand. The problems are the extremely hot and rainy weather
conditions in Thailand, the unsafe condition, and the very high risk of road accidents to cyclists
due to lack of bicycle paths, no separated bike lanes, and facilities, etc. while the classic
problem is the limitation of the existing roadway to widen or make standard cyclist path, etc.

According to the limitations of land acquisition for road widening designed for a bike
lane, many cities planned to build the grade separation bikeway to ensure safety and mobility
for cyclists. For example, The Bay Bridge Trail is a 2.2 miles bicycle and pedestrian elevated
path from Oakland to Yerba Buena Island that opened in September 2013 [8]. Norman Foster
introduced a blueprint for an airborne cycleways network in London in 2014, called “Sky
Cycle” 140 miles of elevated, car-free, 50-foot-wide bike paths which can connect six million
people, accommodating 12,000 riders an hour [9].

In 2015, the Nelson Street Cycleway is a cycleway (and in some sections, a shared
pathway for walking and cycling) in Auckland, New Zealand. Stage 1 of the project was
opened on 3 December 2015, and Stage 2 opened in December 2017. The last part of the
route to the waterfront is still incomplete as of 2019. Once completed, the route will give
access from Upper Queen Street to the Auckland CBD and the cycleway along the waterfront
[10]. In 2016, one of the Sky Cycle project’s leaders said that the $10.7 billion infrastructure
project was still in the works, but there are no visible signs of progress [11]. In 2016,
Melbourne also considered constructing a $100 million elevated bicycle superhighway, which
would separate cyclists from motorists in the central business district by building out a
network of bike corridors in the sky [12]. In 2017, Davies [13] showed that BMW wants to
build networks of Elevated Cycling Paths called the E3 Way—that are for elevated, electric,
and efficient. In 2019, Seoul would like to create a safer cycling infrastructure in the city.
There are currently around 900 kilometers of ground-level bike lanes in Seoul. However,
only the paths along the Han River Park — around 260 kilometers — provide a continuous
and safe path separated from vehicles and pedestrians [14].

For Thailand, according to some limitations to implementing normal cycle paths, in 2014,
the Expressway Authority of Thailand (EXAT) [15] studied the feasible to develop a bicycle
network master plan along the area under the 207.9 km of expressway with some elevated
sections within the standard of operation and the convenience to the travel need of daily

activities’ area user in which the project can support convenience, easiness, safety and
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economical uses; then, it can also support the daily bicycle use practically under the concept
of “Bicycle Expressway” (See Figure 1). Moreover, in 2019, Smart City Innovative Research
Academy (Scira) under King Mongkut's Institute of Technology Ladkrabang has come up
with an idea it calls "The Sky cycle Project". The project proposes the construction of a 21
km elevated bicycle route that will run parallel with the Airport Rail Link (ARL) which starts
from Phaya Thai BTS station and terminates in Lat Krabang [16] (See Figure 2). However,

both elevated bike path projects in Thailand are still not implemented.

Figure 1 “Bicycle Expressway” a pilot bicycle route along the expressway (Ramindra

- Rama 9 - Ratchadapisek Rd.), Bangkok. [15]

Figure 2 "The Sky cycle Project" elevated bicycle route that will run parallel with the

Airport Rail Link (ARL). [16]
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2. Completed and Successful Sky Lane Projects

There are not so many places that have successfully made elevated bike paths. In the
Netherlands, the cities of Eindhoven and Veldhoven have lifted cyclists above a busy
intersection without harm since June 2012. Hovenring, this stylish roundabout replaced the
former level crossing here, which could not cope with growing traffic. Eindhoven City Council
refrains from cyclist underpasses and wanted a separate-level roundabout, they asked Dutch
bridge specialists to investigate possible solutions. A circular cable-stayed bridge soon was
the best choice [17]. Copenhagen’s “Cykelslangen”, “Bicycle Snake” in Danish, is just 721
feet long but allows the city’s many bikers to pedal over a waterfront shopping area, instead
of pushing through its crowds of pedestrians, elevated 5.5 meters above ground level at its
highest point, the Bicycle Snake has replaced what used to be an uncomfortable bicycle trek
down two steps of stairs, followed by a slow, cautious ride through crowded pedestrian
plazas [18].

From Oakland to Yerba Buena Island, the Bay Bridge Trail is a 2.2-mile elevated bicycle
and pedestrian path. It is a part of the San Francisco Bay Trail. To ensure user safety, the
15.5-foot-wide path has one lane in each direction for bicyclists and an outside lane
designated for pedestrians. The total bicycle and pedestrian usage of this link are both more
than 420,000 trips since November 2016 [8]. The detail of the monthly distribution of bikes

and pedestrians is shown in Figure 3.

15k

Trips per Month

. Bike Trips . Pedestrian Trips

Figure 3 Monthly bike and pedestrian traffic on San Francisco-Oakland Bay Bridge [8]
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In 2016, Rio de Janeiro, Brazil opened the new Avenida Niemeyer bicycle lane which
runs along the Atlantic coastline. Rio has the most extensive network of urban bike lanes in
Latin America and is attempting to finish construction on other lanes linking more parts of
the city to the area where the Olympic Park is located. The Rio 2016 Olympic Games began
in August [19, 20]. In January 2017, Xiamen, in southeast China, opened the world’s longest
example, which connects to small side bridges with parking for bicycles, service facilities,
and access to shopping centers and bus stations at the same height as the cycle path [21].

Figures 4 to 11 show the physical geometry of the above sky lane projects.

Figure 4 “Sky Cycle” of London [9]

Figure 5 Xiamen’s elevated bikeway [21]

Faculty of Engineering, Kasem Bundit University Review Article




3AonssuAIsInvUUruAa UR 12 aUUR 3 Aug1gu-Sudinu 2565 ]]5

Figure 6 “Hovenring” in the Netherlands [17]

Figure 7 “Cykelsangen” (Bicycle Snake Bridge) in Copenhagen [18]

Figure 8 “Under the C” Seoul, Korea [14]
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Figure 9 “The Pink Bike Path” Nelson Street Cycleway, New Zealand [22]

Figure 11 Bicycle “superhighway”, Melbourne’s west, Australia [23]
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3. Problems and Suggestions of Bicycle Path Implementation in Thailand

Several studies have been conducted in other countries to investigate the problem of
using bicycle lanes. However, due to the limitations of Bangkok, study areas may cause
some other specific problems. Therefore, a review related to the problem of bicycle usage
in the Bangkok area was reviewed. According to the literature of earlier bicycle studies in
Bangkok, Thailand [3-6, 24-34], problems and suggestions for bicycle path implementation

in Thailand could be summarized into eight groups, as shown in Table 1.

Table 1 Problems and Suggestions to implement cycle path in Thailand

Issues Detail of Problems Suggestions
1. Weather - Hot and rainy weather makes short - Make beautiful, covered bike
conditions possible biking distance. paths with trees or roofs.
2. Number of |- Not so many bicycle users in daily - Promote daily non-motorized
cyclists travel for work or school trips. travel.
- No bicycle user statistics are - New Mixed land use planning.
collected. - Promote electric bicycles and
- The normal distance for work and Personal Mobility Vehicles

school trips is much greater than the (PMV).

possible biking distance.

3. Unsafe - No separation from motor vehicles - Provide more safety by making
conditions (using the same lane). a continuous and separated

- No continuity of the bike lane (a lot of | bicycle network

traffic conflicts, and obstructions) (elevated/underground) with
- The bad pavement of the sidewalk good pavement and lighting.
- No lighting
4. Standard |- No laws and regulations for cyclists. |- Develop and improve special
and - No standard of bicycle facilities laws and regulations for
Regulations | design. cyclists.

- Develop standards and

guidelines for bicycle design.
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Table 1 Problems and Suggestions to implement cycle path in Thailand (continued)

Details

Problems

Suggestions

5. Thai people’s

- The private car is the most

- Give priority to walking and cyclists.

- Not enough public bathrooms.

undesirable popular mode even on short- |- Promote other road users to change
values distance trips. their cultural attitudes to ride a
- Low priority of cyclists bicycle.
compared to other modes.
6. Bicycle - Safe parking area. - Provide more bicycle facilities along
facility - Lack of fix and repair shop. with the network.

7. Limitation of
project area
and
connectivity
to local

business

-In CBD, it is hard for land
acquisition to build bike paths.

- Some concept routes seem
too far from CBD. For the
suburban area, there are not

S0 many activities and users.

- Sky lane development.

- Select a suitable location to connect
with communities and businesses.

- Make better connectivity with other
private and public transportation
systems such as The Metropolitan
Rapid Transit (MRT), Bangkok Mass
Transit System (BTS), Airport Rail
Link (ARL), Expressway, bus, train,

canal, riverboat, etc.

8. Economically
feasible but

not in finance

- Most projects required a lot of
budgets for investment.

- Not so much direct benefit due
to fewer bicycle users in daily

travel.

- Provide investment budget from
other sources such as Oil Fuel Fund
(OFF), car-toll fee, congestion
charge, or revenue from
advertisement and rents space for

commercial development, etc.

4. Discussion and Conclusion for Elevated Cycle Path Development in Thailand

Nowadays, many megacities are interested to promote bicycle travel, a nhon-motorized

transport, for healthy, safe, and environmental sustainability development. Consequently, the

Review Article
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concept of an elevated bike lane is also introduced in Bangkok, Thailand according to the
limitation of land acquisition and extreme traffic jams in Bangkok.

However, consistent with the literature, problems, and suggestions to encourage bicycle
usage were found and summarized into 8 groups as follows: 1) Weather conditions, 2)
Number of cyclists, 3) Unsafe conditions, 4) Standard and Regulations, 5) Thai peoples’
undesirable values, 6) Bicycle facilities, 7) Limitation of the project area and connectivity to
local business, and 8) Economically feasible but not in finance as shown in Table 1.

For Bangkok, some conceptual projects of elevated cycle lanes [15, 16] were introduced
to lessen the problems of the unsafe conditions, land acquisition, weather conditions, the
design standards, together with the development of related facilities for cyclists such as safe
parking, public bathrooms, storage lockers, etc. Although the improvement in elevated cycle
infrastructure and facilities can encourage more biking. However, the grade separation will
lead to exacerbating financial problems.

On the other hand, some policy-related suggestions from earlier research [34-40] could
be implemented in Thailand. For example, the local government, Bangkok Metropolitan
Administration (BMA), should provide comprehensive policy approaches empowering all
levels (society, city, neighborhood, and individual) and promote plans to increase bicycle
usage such as bike-sharing campaigns, tax reduction for cyclists, cash incentives for
employees instead of parking fees, and electric bike promotion, etc. Moreover, BMA should
select a suitable location to connect with communities and businesses and make an alliance
between the public and private sectors to take part in partnership in activities. For example,
a pilot project involving the private sector to participate in bike-sharing, private bathrooms,
private bicycle service and maintenance, private tunnel connection, etc. Furthermore, the
office of transport and ftraffic policy and planning (OTP) and the Department of Land
Transport (DLT) should develop and improve special laws and regulations to prioritize and
protect cyclists.

Besides that, Hull and O’Holleran [38] pointed out that funding is the major factor to
encourage best practices. The Netherlands, Cambridge, and Edinburgh governments spend
45, 17, and 6.5 to 8.0 USD per person on cycling provision. Hence, the Government of
Thailand also should allocate the budget for the subsidy from income resulting from other
sources such as congestion charges, increased excise taxes, or Oil Fuel Fund (OFF), toll

fees, or revenue from advertising revenue, and rents space for commercial development,
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etc. Hence, there will obtain a continuous and sufficient amount of budget. This will help to
continuously prepare a project as design, build, operation and maintenance without
compromising the quality of service.

Lastly, BMA, as the local government, should assist in the development of community
bike paths surrounding the pilot project area in order to achieve the bicycle network
completeness, and cooperate with other agencies concerned with public transportation to help
in developing the travel connections in case of the bicycle paths connect through the public

transportation such as MRT, BTS, ARL, bus, train, canal, and Chao Phraya riverboat, etc.
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