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[M131: Akeelik (1981)]
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<) Training with TRAINLM
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A B C D E
1 1 Week Data Information
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12 0.3 18 31 1.7836 1.7464
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14 0.3 18 36 1.7836 1.7101
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17 0.3 18 56 1.7836 1.7609
18 0.3 18 58 1.7836 1.6812
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) Training with TRAINLM =81 X

- Performance is 0.000341303, Goal is 0.0001
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@nﬁN“ﬁ 41  WHAMINAAOUUUVINADI 1 Week Data Gluﬁﬁmq IN TOWN
RMSE of 1 Week Data (IN TOWN)
Week/Day Mon Tue Wed Thu Fri Average RMSE
Week 1 0.33318 | 0.24815 | 0.18598 | 0.17494 | 0.18307
Week 2 0.20186 | 0.23353 | 0.28127 | 0.19378 0.1407 0.21902
Week 3 0.23892 0.2449 0.19451 | 0.26029 | 0.17021
@nﬁN“ﬁ 42 HAMINAAOUUUVIIADI 1 Week Data Gluﬁﬁmq OUT TOWN
RMSE of 1 Week Data (OUT TOWN)
Mon Tue Wed Thu Fri Average RMSE
Week 1 | 0.2001 0.13087 | 0.12162 0.1191 0.12773
Week 2 | 0.10624 | 0.13025 0.1594 0.10081 0.1134 0.12948
Week 3 | 0.12052 | 0.11665 | 0.13285 | 0.15069 | 0.11195

M3NN 43 AURAY RMSE ¥0amsnaaouiusunineiugniveauusiaos 1 Week Data

Total Average RMSE (1 Week Data)

Day/Direction IN TOWN OUT TOWN
Mon 0.25799 0.14229
Tue 0.24219 0.12592
Wed 0.22059 0.13796
Thu 0.20967 0.12353
Fri 0.16466 0.11769
Total Average 0.21902 0.12948
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RMSE of 1 Week Data Model (IN TOWN)
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Total Average RMSE (1 Week Data)
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4.22 MmsanwuudIaesdeIsmsHnaeutuy Day of Week Data Training
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<) Training with TRAINLM =

. Performance is 0.000517613, Goal is 0.0001
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Week 1 Day 2 (OUT TOWN)
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| [y Forecasting data [
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o o
[e-] - N

o
2

o
ES

02F &

1 1 1
0 50 100 150 200 250
sampling
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|Error|2
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g1 4.16 MANURANEIAYDUTIABY Day of Week Data ¥99UIUNS (OUT TOWN)



MINN 4.4 HAMITNATOULVVTIADY Day of Week Data 1UNANII IN TOWN

RMSE of Day of Week Data (IN TOWN)

Mode Average
Week/Day Mon Tue Wed Thu Fri
1 RMSE

Week 1 0.12539 - - - -

Mon Week 2 0.09763 - - - - 0.10694

Week 3 0.09780 - - - -

Week 1 - 0.09368 - - -

Tue Week 2 - 0.09858 - - - 0.09767

Week 3 - 0.10076 - - -

Week 1 - - 0.09015 - -

Wed Week 2 - 3 0.10489 - - 0.10146

Week 3 - i 0.10935 - -

Week 1 - - c 0.09856 -

Thu Week 2 - - - 0.11361 - 0.11132

Week 3 - > ¥ 0.12179 -

Week 1 - - - - 0.10663

Fri Week 2 - - 1 - 0.11817 0.10282

Week 3 - - - - 0.08366
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45  WAaMINATOUUULIAOY Day of Week Data TUNAN1 OUT TOWN

77

RMSE of Day of Week Data (OUT TOWN)

Model | Week/Day | Mon Tue Wed Thu Fri Average RMSE
Week 1 | 0.13869 - - - -
Mon Week 2 | 0.10487 - - - - 0.11610
Week 3 | 0.10475 - - - -
Week 1 - 0.09319 - - -
Tue Week 2 - 0.11378 - - - 0.10561
Week 3 - 0.10986 - - -
Week 1 - - 0.09811 - -
Wed Week 2 - - 0.09658 - - 0.10205
Week 3 - - 0.11147 - -
Week 1 - - 3 0.11379 -
Thu Week 2 - : - 0.09985 - 0.11286
Week 3 - - - 0.12494 -
Week 1 - - - - 0.12553
Fri Week 2 - - - - 0.11354 0.11910
Week 3 - = = - 0.11822
Gﬂi"l\i‘ﬁ 4.6 f’hméﬂ RMSE U84MInaaauiuuiaod Day of Week Data
Total Average RMSE (Day of Week Data)
Day/Direction IN TOWN OUT TOWN
Mon 0.10694 0.11610
Tue 0.09767 0.10561
Wed 0.10146 0.10205
Thu 0.11132 0.11286
Fri 0.10282 0.11910
Total Average 0.10404 0.11115
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RMSE of Day of Week Data (IN TOWN)

0.12 7
0.10 N

% 0.08 §% §/ §% §%
0.06 \ \ \ \
0.04 \/ \/ \ \%
0:02 §% Q §% §/
000 M N T §W d S Th & Fri

3191 4.17 1aA3A1 RMSE ¥839an1snaae1tiiilg1aed Day of Week Data (IN TOWN)

RMSE of Day of Week Data (OUT TOWN)

- \ S
0.10 —\ 7 7 § \Z
0.06 _\

0.04 _§/ Q% g/ § % Q %
0.02 —§ \/ § \/ §
0.00 § & N & &

317 4.18 AR RMSE ¥090an1snade1i1u31a8d Day of Week Data (OUT TOWN)
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Total Average RMSE of Day of Week Data
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MINN47  HAMINAABULLUUTIADI Day of Week Data d1i5ndoyavosiuh lildoglu

= a
MsAnaau luNANIG IN TOWN

RMSE of Day of Week Data (IN TOWN)

Model | Week/Day | Mon Tue Wed Thu Fri Average RMSE
Week 1 - 0.10587 | 0.09798 | 0.10701 | 0.12048
Mon Week 2 - 0.10567 | 0.10378 | 0.11692 | 0.11920 0.10849
Week 3 - 0.10734 | 0.09890 | 0.12136 | 0.09737
Week 1 | 0.11485 - 0.08097 | 0.10298 | 0.11005
Tue Week 2 | 0.08648 - 0.09697 | 0.11234 | 0.10299 0.09833
Week 3 | 0.09031 - 0.08282 | 0.11057 | 0.08869
Week 1 | 0.10482 | 0.09204 - 0.10600 | 0.12203
Wed Week 2 | 0.09713 | 0.09582 y 0.11317 | 0.12171 0.10563
Week 3 | 0.09439 | 0.10692 X 0.11879 | 0.09468
Week 1 | 0.11102 | 0.08969 | 0.09136 - 0.12365
Thu Week 2 | 0.08917 | 0.09554 | 0.09707 - 0.12236 0.10108
Week 3 | 0.09707 | 0.09956 | 0.09851 - 0.09791
Week 1 | 0.10323 | 0.09948 | 0.08786 | 0.11965 -
Fri Week 2 | 0.11078 | 0.09155 | 0.08929 | 0.11398 - 0.10369
Week 3 | 0.11900 | 0.09400 | 0.09906 | 0.11644 -
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MINN 48 HANMINAADULUUTIADI Day of Week Data d1i5udoyavosiuh lildoglu

msanaeulufirn1a OUT TOWN

RMSE of Day of Week Data (OUT TOWN)

Model | Week/Day | Mon Tue Wed Thu Fri Average RMSE
Week 1 - 0.11989 | 0.10904 | 0.11287 | 0.12015
Mon Week 2 - 0.11216 | 0.09886 | 0.11910 | 0.10992 0.11416
Week 3 - 0.11025 | 0.11122 | 0.12824 | 0.11817
Week 1 | 0.13763 - 0.10348 | 0.11530 | 0.11889
Tue Week 2 | 0.10261 - 0.09884 | 0.09628 | 0.10549 0.11071
Week 3 | 0.09909 - 0.10804 | 0.12686 | 0.11603
Week 1 | 0.15589 | 0.09458 - 0.11082 | 0.12867
Wed Week 2 | 0.09909 | 0.11125 3 0.09871 | 0.10830 0.11389
Week 3 | 0.10351 | 0.10786 3 0.12410 | 0.12395
Week 1 | 0.13752 | 0.09847 | 0.10374 - 0.12212
Thu Week 2 | 0.10531 | 0.11502 | 0.10296 - 0.10963 0.11218
Week 3 | 0.10321 | 0.10983 | 0.11392 - 0.12441
Week 1 | 0.14532 | 0.10396 | 0.10184 | 0.11057 -
Fri Week 2 | 0.10576 | 0.11861 | 0.10462 | 0.10014 - 0.11258
Week 3 | 0.10788 | 0.11144 | 0.11792 | 0.12294 -
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M3519N 4.9  AUNAY RMSE ¥994MInadouuuiIand Day of Week Data §1451U903aU09

nlildeglumsinaon

Total Average RMSE (Day of Week Data)
Day/Direction IN TOWN OUT TOWN
Mon 0.10849 0.11416
Tue 0.098335 0.110712
Wed 0.105626 0.113894
Thu 0.101076 0.112178
Fri 0.103693 0.112583
Total Average 0.103444 0.112705

o <] J 4 o
HANITNATDULVUVIDBY Day of Week Data Llﬁ@]Qﬁlﬁllﬁuﬁ"llﬁ@ﬂ”lﬂ”ﬁuﬂﬂ%@yja
1 [ o = A 1 = J A
vaguaazIuLaziNsHnagouasovelseaIninewy '!3”1115E]WfJ”Iﬂiﬂ!']Jiiﬂﬂ!ﬂ”lﬁ]i”ﬁ]i‘lu
Aa Y Y 49! a ' v 9 Aq ¥
NANIN IN TOWN tiag OUT TOWN llﬂiJﬂ’J”lﬂJQﬂ@]i’Niﬂﬂsllu il"lﬂﬂ”li'JLﬂi”ﬁWW‘]J'J”IGU@l‘JJaTIGLGIf
= = = 2 ' ' ° Hq ¥ @
‘luﬂ”liNﬂﬁ@umﬂ’ﬂllﬂ%l,@EJﬂlﬂﬂ‘ULﬁ]%ﬁ\?Nﬁ@]’OLLU‘Lﬁ]”Ia’EN‘VIGLWNﬂﬂ15ﬂ1§ﬂ15W81ﬂ3ﬂlV]Nﬂ'J1N

¥ L= S = = a =
ANADUNVUU C]N57]11llﬂENﬁ"lll133%%353‘UﬁJLL‘LI‘]JGIJi’NﬂiiJ”Iﬂ!ﬂ”liili”li]i‘V]ﬂ@ﬂiJ"ﬁ]”lﬂ

U ERT

Y a Y J =
UNATTNAUAUADEUDAAUATINIBEANN

o (% 9 o A A [l 9q 9
nnmMsnadeunuuiiaesasnadounudoyavosiuoug  nlulaldlums
Anaou wanmsnageudnsulunamaudidiiioaunssIsdul IN TOWN) Han1snaaou

[ d' o = Y d' A [ A d' [} Y 1

mwzuiiimsinaeulas RMSE mae A 0.10404 taznamsnadouiuduq i luldeglu
msinaou’ldal RMSE 38 Ao 0.10344 UANULANANAY 0.0006 FIMTUMITNATOL
HuUUae luNANINOAUDNANLDIUATIIFTNT (OUT TOWN) HAaN1TNAaUmWIE IUNIM

= 9 A A o A AN Y P
nmsinaou a1 RMSE mae fio 0.11115 nazgnamanaaeuiuduq 7 hildeglumsinaou
1471 RMSE 1028 i 0.112705 Innuuana19nu 0.00156 Fuloia1sanaindoyanisnadol

Y1 ° Ay v d A o S A Y
mmmﬁgﬂ”l@m Lmuma@m"lﬂuu FIUITDNICUININYINTUIUDUS) ulﬂ
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4.2.3 MsanwuudIaesdeIsmsinaeuuuy All Data Training
9 o Y as = A 1 =
M5 1w uTIaeInleITMsindewasev1elsea1niontuy  All Data

A A o A v v ad =< . "9y Aq
Training 9ENANHULHVOUNUNLITMIANAOUUUY 1 Week Data Training tadoyan 14 1u

U
Y
a XK Y

mMsinaeu GT'NGﬁ’mgaﬁm%“umi?]ﬂﬁemzﬁﬁwm 14 dalanst (70 Su) nuusaesiinaiudae
35n15All Data Training 923871 “UUs1a04 All Data” Iaseaas1aveansovielseaniien
%ﬁ‘ﬁ’iﬁuﬂ 4 Layer Uszneuaie 1) Input 1 Layer 2) Hidden 2 Layer 482 3) Output 1 Layer
911491 Node voauaag Layer Av 4 10 4 1 Muavummiwesdmsunsinaey Ao 1) DIR
2) HOUR 3) MINUTE 4) MEAN mnualfidly Input 1ag Traffic Flow Rate fmviualiniy

Output Tnsear319vesmsinaouuaaslansgl

Hidden
Layer

Data

All Week

[l

DIR

HOUR

MINTUNE

INPUT DATA

Traffic Flow Rate

S

MEAN

= 9 o (% = A 1 =
319 4.20 gUuvuazteyadimTuMsHnaaATeY ST NN

Y

A2875N15 All Data Training
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) Training with TRAINLM

Performance is 0.00048945, Goal is 0.0001
10 T T T T T T T T T

Train i
Validation ||
o1 Test
10
o 107 4
2
©
E
=
5, 3
a 10 4
107
106 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Stop Training 100 Epochs

A ' = A ~
31091 4.21 n31WA1 Performance M3HnaouvDUATOV BTz A MNNSUUDI

11UVI1a09 All Data Training

N1SNATOUNUUSIa03v04 All Data
NMa311T1a049 All Data flazlidnbmgmanadoumiousudy 1 Week
Data Taedfoyafifiu Input e 1) DIR 2) HOUR 3) MINUTE tag 4) Mean 1ivoilou ¥y
uu$1a09 namanenIali 1A InuLUSIa0d i 5a31n13 1Mavean139319s (Traffic Flow
Rate) MINAROVVBUVUTIA0I9UINITNATOURDNT 2 iAN19 AD IN TOWN tag OUT
TOWN mimsnensaivesnuuiiassszgmiwuSenfiensudeyass wazAuimnm RMSE

odalszaninmusauiany



wamsnaaauLUUI Al uAaMUNMIBIBIUATIFAI (IN TOWN)

Week 3 Day 3 (IN TOWN)
oF - : : -

Real data
----- Forecasting data

Traffic Flow Rate

1 1 1
0 50 100 150 200 250
sampling

g1 422 nsulnfFeuiieumn ldnnuuuiassiudeyasiwes

1UVD1889 All Data (IN TOWN)

Week 3 Day 3 ERROR IN TOWN
0.09 T T T

T
—— RMSE = 0.0894953

0.08+ 4
0.07+ 4
0.06 =

0.05+ 4

|Error|2

0.03 g

0.02 B

0.01 b

0 1 I 1
0 50 100 150 200 250
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317 4.23 AANUAANAIAYBIILUTIABY All Data (IN TOWN)
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Week 3 Day 3 (OUT TOWN)

T T T

Traffic Flow Rate

Real data
----- Forecasting data

1 1
0 50 100 150
sampling

1
200 250

5UM 4.24 asluSeuiionan ldnnuuuiiaesnudoyasss

Y9I VIaD9 All Data (OUT TOWN)

Week 3 Day 3 ERROR OUT TOWN
0.1 T T T

|Error|2
o
[=]
wm
T

0.02+

T
—— RMSE = 0.107872

001} M
0 [l 1 Il

0 50 100 150
Sampling

200 250

317 4.25 AANUAANAIAVRIUDTIABY All Data (OUT TOWN)
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MINN 4.10 HAMITNAFOULUVIIADI All Data 1UNANI IN TOWN

87

RMSE of All Data (IN TOWN)
Mon Tue Wed Thu Fri Average RMSE
Week 1 | 0.10593 | 0.088444 | 0.084173 | 0.097561 | 0.11836
Week 2 | 0.086875 | 0.094725 | 0.09166 0.10856 0.11191 0.09754
Week 3 | 0.088796 | 0.098025 | 0.089495 | 0.10819 | 0.090427
@]TﬁN“ﬁ 411 WaMsNAFOUUULTIAY All Data 1TUNANI OUT TOWN
RMSE of All Data (OUT TOWN)
Mon Tue Wed Thu Fri Average RMSE
Week 1 0.12978 0.092587 0.10118 0.11099 | 0.11828
Week 2 | 0.099255 0.11149 | 0.093178 | 0.096594 | 0.10842 0.10768
Week 3 | 0.10129 0.10641 0.10787 0.12123 | 0.11661
Gﬂi"l\i‘ﬁ 4.12 ﬂluﬂéﬂ RMSE 19411113194 All Data
Total Average RMSE (All Data)
Day/Direction IN TOWN OUT TOWN
Mon 0.09387 0.11011
Tue 0.09373 0.10350
Wed 0.08844 0.10074
Thu 0.10477 0.10960
Fri 0.10690 0.11444
Total Average 0.09754 0.10768
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RMSE of Data All (IN TOWN)

0.14
0.12
S §7
w 008 7 \ \/
z 0.06 §% g/
o N \ N
0.02 s §% §/
. N N N N\
Mon Tue Wed Thu Fri
K Week 1 0.10593 0.088444 0.084173 0.097561 0.11836
B Week 2 0.086875 0.094725 0.09166 0.10856 0.11191
B Week 3 0.088796 0.098025 0.089495 0.10819 0.090427

311 4.26 1aAIAT RMSE ¥090amsnaaeuiusaed All Data (IN TOWN)

RMSE of Data All (OUT TOWN)
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é 0.06 é% Z/ é/
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311 4.27 1aneA1 RMSE ¥030an1snadeuiuusaed All Data (OUT TOWN)
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317 4.28 AURABYDI RMSE ¥841U1T1a04 All Data
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RMSE of Monday (IN TOWN)

0.35
0.30 \
0.25 \
w 0.20 2 \
(%)
S \ \ \
o 0.15
0.10 \ \
0.05 \ \ \
0.00
Week 1 Week 2 Week 3
1 Week Data 0.33318 0.20186 0.23892
& Day of Week Data 0.12539 0.09763 0.09780
B All Data 0.10593 0.086875 0.088796

511 429 nffoufioual RMSE veeiusuns (IN TOWN)

RMSE of Monday (OUT TOWN)

0.25
0.20
0.15
w
(%]
S \
[a'4
0.10
0.05 \ \
0.00
Week 1 Week 2 Week 3
1 Week Data 0.2001 0.10624 0.12052
£3 Day of Week Data 0.13869 0.10487 0.10475
F All Data 0.12978 0.099255 0.10129

v
=

51 4.30 nfFouiioua RMSE veaiusuns (OUT TOWN)
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RMSE of Tuesday (IN TOWN)

0.30
0.25
\ X N\

020 — \
Al BN .
o

0.10 \ \

0.05 \ \ \

0.00

Week 1 Week 2 Week 3
1 Week Data 0.24815 0.23353 0.2449
B Day of Week Data 0.09368 0.09858 0.10076
DAll Data 0.088444 0.094725 0.098025
319 4.31 n3suMena1 RMSE ¥997193713 (IN TOWN)
RMSE of Tuesday (OUT TOWN)

0.14

0.12 \ \

0.10 —\ \ \

" 0.08 —\ \
(%)

: \ \ \
e« 0.06 \

0.04 \ \

0.02 —\ \ \

0.00

Week 1 Week 2 Week 3
1 Week Data 0.13087 0.13025 0.11665
£1Day of Week Data 0.09319 0.11378 0.10986
®All Data 0.092587 0.11149 0.10641

717 4.32 uf5eumgua RMSE ¥9371483A15 (OUT TOWN)
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RMSE of Wednesday (IN TOWN)

0.30
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0.20 \
L \ \
S 0.15 —\ \ \
o
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0.05 \ \ \
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Week 1 Week 2 Week 3
1 Week Data 0.18598 0.28127 0.19451
mIDay of Week Data 0.09015 0.10489 0.10935
@Al Data 0.084173 0.09166 0.089495
319 4.33 ul3suMeua RMSE ¥993UN5 (IN TOWN)
RMSE of Wednesday(OUT TOWN)
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012 — \
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0.04 —§ \ \
0.02 — \ s
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Week 1 Week 2 Week 3
1 Week Data 0.12162 0.1594 0.13285
@1 Day of Week Data 0.09811 0.09658 0.11147
@Al Data 0.10118 0.093178 0.10787
517 4.34 nf3uMeuA1 RMSE ¥993U%5 (OUT TOWN)
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RMSE of Thursday (IN TOWN)

0.30
0.25 \
0.20 s
g 0.15 —\ \ \
o
0.10 \ \
0.05 \ \ \
0.00
Week 1 Week 2 Week 3
1 Week Data 0.17494 0.19378 0.26029
1 Day of Week Data 0.09856 0.11361 0.12179
BAll Data 0.097561 0.10856 0.10819
319 4.35 nf3uMena1 RMSE 199N HaUa (IN TOWN)
RMSE of Thursday (OUT TOWN)
0.16
0.14 \
0.12 \
0.10 — \
2 0.08 —x \ \
o
0.06 \
0.04 \ \
0.02 \ \ \
0.00
Week 1 Week 2 Week 3
1 Week Data 0.1191 0.10081 0.15069
£ Day of Week Data 0.11379 0.09985 0.12494
®All Data 0.11099 0.096594 0.12123

717 4.36 FeuNuA RMSE 93 IUNgHaud (OUT TOWN)
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0.20
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RMSE

0.04
0.02
0.00

RMSE of Friday (IN TOWN)

|
.
.

///////

Week 1 Week 2 Week 3

1 Week Data

0.18307 0.1407 0.17021

E1Day of Week Data

0.10663 0.11817 0.08366

B AIll Data

0.11836 0.11191 0.090427

= = 1 o 14
gﬂ‘lfl 4.37 ul%aum&mm RMSE “ll’élﬁuﬁ{ﬂ’i (IN TOWN)
RMSE of Friday (OUT TOWN)
0.13
0.13 —\
0.12 —\
w 0.12 \
2 \ X
o 0.11
0.11 —\ \
0.10 \ \ \
0.10
Week 1 Week 2 Week 3
1 Week Data 0.12773 0.1134 0.11195
@ Day of Week Data 0.12553 0.11354 0.11822
B All Data 0.11828 0.10842 0.11661

U

514 4.38 nfsoufiouA1 RMSE ve3iugni (OUT TOWN)



13197 4.13  1WSeumeuaunag RMSE d1451 3 uuu31ae9 (IN TOWN)

Total Average RMSE (IN TOWN)

Day/Model 1 Week Data Day of Week All Data
Mon 0.25799 0.10694 0.09387

Tue 0.24219 0.09767 0.09373

Wed 0.22059 0.10146 0.08844

Thu 0.20967 0.11132 0.10477

Fri 0.16466 0.10282 0.10690
Total Average 0.21902 0.10404 0.09754

A1319N 4.14  1WSeumeuaunae RMSE d1%51 3 u1u91a09 (OUT TOWN)

Average RMSE for day (OUT TOWN)

Day/Model 1 Week Data Day of Week All Data
Mon 0.14229 0.11610 0.11011
Tue 0.12592 0.10561 0.10350
Wed 0.13796 0.10205 0.10074
Thu 0.12353 0.11286 0.10960
Fri 0.11769 0.11910 0.11444

Average 0.12948 0.11115 0.10768
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Total Average RMSE
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a d
4.3.2 WAIIHINT0A008 (Regression Analysis)
a g d' a A o 9 é
AMINUATITHAINNVDADDIAINITONIZUBNUTZANTNNVRILVUI A0 18 B9
y ?x‘a I 1 a @ [ H 4 @
as il i umsnFeuneuaiasanuain lasnmsneinsaiazfeumeuludnyaz vos
9 Y & 1 . A 1 W A 9 4
pu THUAUMSITUAT FI92VDNAIUDY Regression ILUAWNINY 1 110TV0YAVDINIITNIINT D
Y] 1 a 1 [ [Y] 3}./ a 4 (91}/ ) o
AUAMTALAUNINY AIUUNIIANIIZHNITDADRsUUILIIMsTouMeunnuuDTIa0d Iay

a 1 { { a 4 v {
N3N158791 Regression Nnud1ngd 1 1niiga wamslinsiznnmsnanoezianaeil

d o
AATIZHNTOADVUVD VU109 1 Week Data
9

a d o [ a J
Tun153A5121Ms0AR08ILUUTIARY 1 Week Data 9&1INSAUATICHNIHUA 15

@ X @ 1 a o @
U %Q%%L!ﬁﬂﬂﬁ’]ﬂﬁﬂ\‘]‘ﬂ@\iﬂﬁ’)tﬂﬂ%ﬁjﬂﬂllﬁﬂ\‘lﬂigﬂ



Real Data

0.2

Day 2 (IN TOWN)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Forecasting Data

319 4.40 n51MA1NNNDADDY (Regression) VYDAULVVTIABY 1 Week Data (IN TOWN)

Real Data

Day 2 (OUT TOWN)

1.8

1.6

1.4

=
[N}

[N

o
o

o
o

I
'

o
)

o

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Forecasting Data

3

il

7 4.41 n5mANUDADDY (Regression) VOILLULTIADY 1 Week Data (OUT TOWN)

99
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Regression Analysis
Day/Direction IN TOWN OUT TOWN
1 -0.043 0.6235
2 0.277 0.8562
3 0.5362 0.8788
4 0.6393 0.9157
5 0.5467 0.9059
6 0.4919 0.9391
7 0.4387 0.8921
8 0.2258 0.7948
9 0.6172 0.9411
10 0.754 0.9243
11 0.3483 0.9123
12 0.3574 0.9179
13 0.5896 0.8989
14 0.2368 0.8244
15 0.6109 0.918
Average 0.441787 0.8762
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Regression Analysis of 1 Week Data
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Regression Analysis

Day/Direction IN TOWN OUT TOWN

1 0.8491 0.824
2 0.9177 0.9413
3 0.9219 0.9353
4 0.9035 0.9258
5 0.8658 0.904
6 0.9002 0.9417
7 0.9192 0.9216
8 0.8854 0.9286
9 0.8806 0.9445
10 0.867 0.9247
11 0.9142 0.9389
12 0.9005 0.9266
13 0.8939 0.9281
14 0.8592 0.891
15 0.9221 0.9092

Average 0.893353 0.91902
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Regression Analysis of Day of Week Data

In Town
M Out Town
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Regression Analysis

Day/Direction IN TOWN OUT TOWN
1 0.89 0.8364
2 0.9292 0.942
3 0.9306 0.9305
4 0.9051 0.9286
5 0.8263 0.9136
6 0.9214 0.9482
7 0.9261 0.9263
8 0.9042 0.9327
9 0.8906 0.9476
10 0.8721 0.9311
11 0.928 0.9429
12 0.9094 0.9322
13 0.925 0.9335
14 0.8872 0.8996
15 0.9059 0.9105
Average 0.903407 0.923713
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Regression Analysis of All Data
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VOLUME FACTORS
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M3 421 Wieufeuszeznavesdynia llasesneutazrainmsdivui

IN TOWN OUT TOWN
Phase
Before After Before After

Cycle Time 240 160 240 160
Green Time (sec) 104 72 124 76
Yellow Time (sec) 3 3 3 3
All-Red Time (sec) 3 3 3 3
Phase Time (sec) 110 78 130 82
Phase Split (%) 45.83 49 54.17 51

< Y a a o
1NAT U laszeznatvesdynia liauazinseuardyaia i
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fl]'i"ﬁ]ﬁ/]iﬂﬂﬂ?”l‘i/]’f]’f)ﬂlm‘]_lllﬂ Tﬂaszaznmimmty

g

nadyanalasiesieenuuy Av 160 Ui

a = a I
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IN TOWN OUT TOWN
Phase
Before | After A Before | After A

Phase Time 110 78 -32 130 82 -48

Real Volume (veh./hour) 479 5203

Average Delay (Sec.) 326.8 | 271.9 | -54.9(20.2%) | 254.7 | 288.4 | 33.7(11.7%)

Queue (veh.) 250.6 | 193.4 | -57.2(29.5%) | 254.6 | 215.1 | -39.5(18.4%)

Stop Rate 1.51 1.71 0.2 (11.7%) 1.41 1.75 0.34 (19.4)
a3 423 alszAnsmmmdsveasnmsssteuuazndamsdiudyedayanald

Before After A

Average Delay (Sec.) 290.75 280.15 10.6 -3.65 %

Queue (veh.) 252.6 204.25 48.35 -19.14 %

Stop Rate 1.46 1.73 -0.27 18.49 %
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IN TOWN
Volume (veh./hour) 4833 4833 4833 4833 4833
Cycle Time (Sec) 140 150 160 170 180
USudaynna Wl Phase IN TOWN (Sec.) | 58(-20) | 68(-10) | 78(0) | 88(+10) | 98(+10)
Phase OUT TOWN (Sec.) 82 82 82 82 82
Performance of IN TOWN
Average Delay (Sec.) 413.5 334 276.7 233.4 199.4
Queue (veh.) 211.6 202.9 196 190.7 186.4
Stop Rate 2.21 1.9 1.72 1.58 1.47
Performance of OUT TOWN
Average Delay (Sec.) 180.7 227.1 273.8 320.7 367.8
Queue (veh.) 168 188.1 206.5 223.6 239.6
Stop Rate 1.59 1.67 1.72 1.76 1.78
AMUTLANTAINIINVOIUBNNITVINDT

Average Delay (Sec.) 297.1 | 280.55 | 275.25 | 277.05 | 283.6
Queue (veh.) 189.8 195.5 | 201.25 | 207.15 213
Stop Rate 1.9 1.785 1.72 1.67 1.625
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M3NN 425 wamsnadouransznuvesdyana Iiwer luniania IN TOWN (so)

IN TOWN
Usudya o 1vl Phase IN TOWN (Sec.) -20 10 |0 10 20
Phase OUT TOWN (Sec.) 0 0 0 0 0
Hansznuvesdyn I lvas195 IN TOWN
136.80 57.30 0 -43.30 -77.30
Average Delay (Sec.)
4944 % | 20.71% | 0 | -15.65% | -27.94 %
15.60 6.90 0 -5.30 -9.60
Queue (veh.)
7.96 % 352% | 0 | -2.70% | -4.90 %
0.49 0.18 0 -0.14 -0.25
Stop Rate
2849% | 1047% | 0 | -8.14% | -14.53 %
Hansenuvesdyaa lWeI195 OUT TOWN
-93.10 -46.70 0 46.90 94.00
Average Delay (Sec.)
-34.00% | -17.06% | 0 | 17.13% | 3433 %
-38.50 -18.40 0 17.10 33.10
Queue (veh.)
-18.64% | -891% | O 8.28 % 16.03 %
-0.13 -0.05 0 0.04 0.06
Stop Rate
=756 % | -291% | O 233 % 3.49 %
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M3 4.26 wamsnadouransznuvesdnaa Iiderluiiemie OUT TOWN

OUT TOWN
Volume (veh./hour) 5091 5091 5091 5091 5091
Cycle Time (Sec) 140 150 160 170 180
Phase IN TOWN (Sec.) 78 78 78 78 78

Usudyaa vl Phase OUT TOWN (Sec.) | 62(-20) | 72(-10) | 82(0) | 92(-20) | 102(-20)

Performance of OUT TOWN
Average Delay (Sec.) 3947 | 325.1 | 273.8 | 2344 203.2
Queue (veh.) 220.1 2124 | 206.5 202 198.6
Stop Rate 2.09 1.88 1.72 1.59 1.48
Performance of IN TOWN
Average Delay (Sec.) 191.8 | 238.2 | 276.7 | 323.6 370.7
Queue (veh.) 159.6 178.5 196 212.2 227.4
Stop Rate 1.59 1.67 1.72 1.76 1.78

ANNAYVDIUYNAITITIVF

Average Delay (Sec.) 293.25 | 281.65 | 27525 | 279 286.95

Queue (veh.) 189.85 | 195.45 | 201.25 | 207.1 213

Stop Rate 1.84 1.775 1.72 1.675 1.63
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M3 4.27 wamsnadouransznuvesdyana W@ lufiamia OUT TOWN (so)

OUT TOWN
Phase IN TOWN (Sec.) 0 0 0 0 0
Usudryana vl Phase OUT TOWN (Sec.) | -20 -10 0 10 20
nansznuvesdayna lva3195 OUT TOWN
120.90 51.30 0 -39.40 -70.60
Average Delay (Sec.)
-44.16 % | -18.74% | 0 | 14.39% | 25.79 %
13.60 5.90 0 -4.50 -7.90
Queue (veh.)
-6.59% | -2.86% | 0O 2.18% 3.83 %
0.37 0.16 0 -0.13 -0.24
Stop Rate
21.51% | -930% | O 7.56% | 13.95%
nansznuvesdyaalves19s IN TOWN
-84.90 -38.50 0 46.90 94.00
Average Delay (Sec.)
30.68% | 13.91% | 0 | -16.95% | -33.97 %
-36.40 -17.50 0 16.20 31.40
Queue (veh.)
18.57% | 8.93 % 0 | -827% | -16.02%
-0.13 -0.05 0 0.04 0.06
Stop Rate
7.56 % 291 % 0 | 233% | -3.49%
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Vehicle Detection Using Loop Detector and Direct Frequency Counting
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Abstract— In this paper, we use neural networks [3.6]. The neural network may require intent
with back propagation weight updating to predict computational power during training perigds.

traffic flow in city of Nakhon Ratchasima. In trafi This can be done offline or on anot

her

management, accurately know traffic flow may help computer. In working mode, the neural network

improve performance of traffic control significantl can be easily implemented using
Many Intelligent Transportation Systems (ITS) use microcomputer [7].

inductive loop detectors or some optical devices to
instantaneously measure traffic flow. However
installing detectors in every traffic lane in all ; . . .
directions increases cost of the system drama;ticallth,e |nterse9t|0n. The_ amoqnt Qf time given
and may require some maintenance as the loops giis green light combined with time of the yell

a

Traffic control gives green signals to certain
"directions which drivers can drive safely cross

for
oW

damaged. The results show that the artificial euralight is call phase or phase time [4]. One
network can predict traffic flow with mean absolute complete cycle time is a series of all posgible
error 1.99 count/sec from the average flow of 14phases before going back to the original phase.
count/sec which is good enough to use for manag@hase times in a cycle time may not equally

the traffic light. spitted depending on traffic in each direct

on.

When the traffic flow increased in a cerfain
Keywords— neural network, back propagation, direction, the controller will give more phase

traffic flow prediction. time to it while maintain or decrease phase

time

of the others. The task seems simple and should
not require any sophisticated computation.

| INTRODUCTION Howe\_/er, knowing trafflc_ flows is the key. Whe.n
- there is no sensors available, traffic control with
In urban cities, people more and more rely onsome prediction algorithm is the objective of this

personal cars rather than public transportationssaper. The traffic flows usually depend on t
When two roads get crossed, a traditional trafficof days and day of weeks and even wee

me
k of

light system is still in use to control the rigt 0 months. Simple linear equations may not fully

way. [1] The objective of the traffic light cover the relations and finding the relations

may

control is to minimize the average delay time ofpe too much complicated. Using neural network

all cars in all directions. When the number oftg learn the relations of known inputs and out
cars is small, a simple fixed timer may bejs more suitable.

enough, because the number of cars waiting at

the red I|ght iS Only a feW. When many cars “ FEEDFORWARDNEURAL NETWORK
want to cross an intersection, they require more

green time [2]. However, time is the most value .
The most commonly used neural network is

assets in traffic control, especially in urbanth feed f dt h in Fi 1
areas. Giving too much or too few green time € feed forward type, as shown in Figure L.

will certainly cause excessive delay to the
system.

Using some embedded sensors such as l00p  gaernhue in
detectors or video cameras is a common method  GREENTIME
to measure current traffic flows. However,
installing such devices requires shut down time, o
initial and maintenance costs [5] Using F|gure 1. Neural netWOI’k W|th h|dden |a.yer5
artificial neural network (NN) to predict traffic

FLOW IN
FLOW OUT

puts

he

flow is more incentive especially in urban areas It is @ multilayer type neural network. T]

input layer and the output layer are connect¢d to




the input and output respectively, while the network, we use 3 schemes of data s¢
hidden layers are not connected to the outside.follow;
Updating the weight connections of the hidden
layers can be done by propagating errors back
from the output layer.
Except the input, each node in each layer 1 day data: use only Monday data,
has combined weighted connections from 5 day average: manually average all 5 di
previous the layer. To produce output for the data into a
following layer, activation function such as a single set data.
sigmoid function is commonly used to translate 5 day separate: train the neural with all §
continuous input values to saturated output day data.
values [8].

In Town

f(X) = 1 (1) MONDAY

1+exp(—x) 40 ——5 DAY Average

The derivative of the function can easily be
found as

8

Flow (Count/sec)
i

fr=f@01-f)] ()

Some other saturated functions such as
tanh (X) may also be used as well.

Sample

I1l. EXPERIMENTAL RESULTS

With the real data collected from the city of Figure 3. One day data and 5 day average
Nakhon Ratchasima, Thailand, we have a good
opportunity to explore the use of neural Regardless of how we train the ne
network for traffic forecasting. We choose anetworks, we have compared the results
location with very simple structure but very trained neural networks with all real 5 day da

high volume of traffic flow, as show in Fig 2. ~ find errors. The absolute errors of all 3 trai
schemes have been plotted on the same

but the inbound and outbound of the city K

Each line in the graphs is an ensemble av
from 5 day predictions.

(In Town)

— — In Town

30

O 1DAY Data
O  5DAY Average
(Out Town) 2% X 5 DAY Separate H

—
|Error]
&

Figure 2. Show geographic of the test site.

Our assumption is that the pattern of the
traffic will be similar from Monday to Friday.
For Saturday and Sunday, the traffic flow will
be considered as weekend and are not includedFigure 4. Absolute errors of inbound directig
in the model.

We prepare 3 weeks of real data set starting
from 6 to 9 PM with the increment of 1 minute,
from Monday to Friday. To train the neural

Sample

't as

Ly

lata

ural
from
ato
ning
yraph,
ave

been plotted separately, as shown in Fig 4 and 5.

prage




Out Town

O 1 DAY Data
O 5DAY Average
25 X 5 DAY Separate H

Sample

Figure 5. Absolute error of outbound direction

Together with graphs, we have compute

The study was financially supported
Suranaree University of Technology (SUT).

[1]

(2]

average errors of each training method, a$3]

shown in table 1, 2 and 3.

TABLE I. Average error when trained from

Monday data
MON | TU [ WED | 7TH | FRI | AVERAGE
N
ToWn | 113 | Ga0| se9| 1319 853 6.99
OUT | 116 | 512| 267| 1035 3.8 4.64

TOWN

TABLE II. Average error when trained from
averaging data

MON | TU | WED | TH | FRI | AVERAGE
N
rown | 829 | 398| 389| 637 s 4.98
OUT | 590 | 230| 214| 473 224 2.90

TOWN

TABLE Ill. Average error when trained from all

5 day data

MON TU WED TH FRI AVERAGE

IN

TOWN 4.58 3.50 3.28 2.04/ 4.12 3.50

ouT
TOWN

2.60 1.45 2.00 1.89 1.99 1.99

IV. CONCLUSION

The neural network with back
propagation weight update shows very

challenging results. Using training data set from
Monday to Friday gives better prediction than
using data from one day or one averaged set.
The average errors are low as 3.5 count/sec
from the inbound direction and 1.99 count/sec
from outbound direction. The average counts of
the inbound and the outbound are about the
same at 14 count/sec. Since there is one traffic
light in the outbound direction before our test
site, this makes flow of the outbound direction
less fluctuation. Therefore the neural network
can predict flow of the outbound direction with

more accuracy.

[4]

[5]

[6]

[7]

(8]
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