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A New Approach to the Parameter Calibration of Two-Fluid Model

ABSTRACT

The two-fluid model proposed by Herman and Prigogine is useful for analyzing macroscopic traffic flow in a network. The two-fluid
model is used for analyzing a network through the relationship between the ratio of stopped vehicles and the average moving speed of
the network, and the two-fluid model has also been applied in the urban transportation network where many signalized or unsignalized
intersections existed. In general, the average travel speed and moving speed of a network decrease, and the ratio of stopped vehicles and
low speed vehicles in network increase as the traffic demand increases. This study proposed the two-fluid model considering congested
and uncongested traffic situations. The critical velocity and the weight factor for congested situation are calibrated by minimizing the
root mean square error (RMSE). The critical speed of the Seoul network was about 34 kph, and the weight factor of the congestion on
the network was about 0.61. In the proposed model, R? increased from 0.78 to 0.99 when compared to the existing model, suggesting
that the proposed model can be applied in evaluating network performances or traffic signal operations.
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g9 F7HE I8k EEgE Ate] 374 uet vl
At WEEAIR AL Qlow, ofE aE-sERlEe] Es)
F & olgr F Sftoltk Al=dl I35 SHAA E=Re| I
9 A2 75 Ev 22 TV slom, ERTAE, Ase
A, AxnEY T wFAA Z¥HeE]|(Transportation System
Management; TSM)Z £3] s 23l A7t @o] 213w o]
stk Fujelxd= 1991 A2 FAIZ 3je] ek 1A AA
TS X18Yet o, 1997 AARE AlEA|ox 28 l(Cycle, offset,
split model for Seoul; COSMOS)S A1&-A] 617 x}2e] AlHe-
o33k v} QtiLee et al., 2002).

A2 AE2-R AlEE B8] ol AlEdlolds 53t
ARAR77E Z1s)Ejofol shH, 8] Foll= BlEH =5 53 &3t
o] FRiEofof gtk M2 AlEeY AklE Bk Sl
A3 tigh A= Bol Fg=loigith Hat BAARE F B
1L 3 AFARY, B AARRE B 585 E 52 SHRIES)
T A3, S 23l o wEw W A3t uiEAl]
WEF AT} & 4 glon, OSI (Oversaturation Severity Index),
SOSI (Spatial OSI), TOSI (Temporal OSI) 5] 21524 ¥
AFEE AEFFAAE H7keh=d] Bol 24YTtHHu et al,,
2013). o]Efgt AFEL WS Ao R 58T e
AL Qo UES A 32 45 FAA AHAE F7Fs]ole
o FE7k ik

Herman and Prigogine(1979)¢]] 23] A<k Two-fluid Model
2 AXE wEFRe wEEAE Ve e AR F e
oo Y=o TEEE YrA A‘o|tkLee, 2003a).
Two-fluid Model-& W[E$]=1e] A3} w3} el &ime]
WAE TrskE Aol 71x3t) e VIES =] Xlks ARL
1} TP 7 AR TSk Aol EAPE ks 4 sirk
HEST ] AR A uARZE QJsle] A EAsk, vE
A=t AAVFEY well= AARpE Bk ohue} Adabde] vls
A SR Hrk wep B Helxde 71 el RdskA]
R A&alge] oJaks vkt Two-fluid Model&: |18}t

2b gk
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Two-fluid Model&- A2} UEL T 3P EAsh= Al
FWAR 5O TARE BEF YEY IS A8 v T2 AMSE]
ST Wu et al., 2011). Two-fluid Modele] stepn|glQl T3}
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22y VES)AS] s VIEYAY alsa et dee] W)
A eleleich Wepd o sefleise S 7, 41509
A rshet] de) AREROH, Tt o] Fho] a5
UESZ9] Aso] o= AS 9n|git) Herman et al.(1979,
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and Farhat(2004)& n]=F Qulsle] EAIR 72w thsh
Twofluid Modelo] 2188 2= 912 wka] 1} otk Wu et al. 2011)
Two-fluid Model®] F#H|EES E3Fe] SCATS (Sydney
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B89, Ul A= Lee et al.(2003b)2 ROTIS #1852
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£ T, ng $3) 299 o ok
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et al.(1988)2 2of==9} @ ~¥lo] 4] PYAJH(Central Business
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GPS A= £3 YEY =9 MFD (Macroscopic Fundamental
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ARS BB 5 9lS Zlofr): wep & el AR
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and Prigogine, 1979).
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Fig. 1. Prove Car Speed Diagram (Gangnam-gu, Seoul, 2018.9.15. 09:00~10:00)
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(7,: 9978 & H& EPARE n: UEYA AAS)
wjzbA] Two-fluid Model-2 theatt 22 )02 o] Frk

1 1

v=p= g -1, ®
T
or ;l:(l—fs)”“ (6)

Eq. 2)E Eq. (6)° thiabad ohat 2tk

1= ==\ (7
Eq. (& T, w3l x&shd that 2ok

1 n
Ts = 7T— ]’;’:L‘Fl Tn+1 (8)

3.3 Two-fluid Model =Z HHH=

B e AR olE) Adze 7 Fasls A YEYA
of M2l FFS 1Efs S 9l Two-fluid ModelS: #1tetart
Atk 5 Pl ofele] Aol S1RGE WES|ae) Wt
Fagws g Zlolth Wb 71kEe] Two-fluid Model Eq.

(D& vt o] Agaisi.

v, = 7)m(1 - (u)fsf,(lp + (1 - w)fslaw))n (9)
(fstop +fslow +ffast = 1a fr = fslow +ffll5’t)

(Fotopt BRI B, £, QAEE o8t TR v|E,
Frase: GAEE oV TR HE, w: 7))

1
v, = T (li(wfstop_l—(l7w)fslow)n (10)
V=0, X (fsl()w +ffast) (1 ])
1 1

v = -

T T, (1- (“)ffasl +(1 _w)fslow))n(fslow +f/'a5l)

(12)

m

T
or 7: (1 - (wffast + (1 7w)fslow))n (fslow +ffast) (13)
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FPLEE 002 ko], QAE ol Fo] vl go]
190 o) T BPLEE o) FP&ER ek w9 S
ofsh FaPxiee] vlgo] 19 ) B B Hrh FALwRch
e gro= AHgEIc

if .7: (fstap’ fsl()’uﬂ ffa,st) = (1’ OO) (14)

v :vm(l - (w.fslop+(1_w)-fslouv))n X (.fslouv+-ffasl)
v, (1—(wx1+(1—w)x0))"*x(04+0)
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m

0

if ?: (fstop’ fslow7 ffasf,) = (0’ 170) (15)

v Urn(l - (U)fstop + (1 _“))fsl()w))n X (fsl()w +ffasf,)
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Urn(l - (U)fstop + (1 _“))fsl()w))n X (fsl()w +ffasf,)
v,,(1=(wx0+(1—w)><0))" < (0+1)

m

vm(l)" =v

v

m

DeMarchi et al.(2010)2 1 A3 HxRoot Mean Square
Error; RMSE) #4371 A <8)(Global Solution)2} 713 -F-ASH
s =23 Sle HEYS gkl )itk Z18jal Ertem
et al.(2018)ol] &J3ld RMSE FHAisl= AAIE X404 =&
gtk ofUe}, Peak®] Azt =7)¢) Aol 7P A9gh
20 2 AR itk wER-E F8AlE 2+ Tiaprasert et
al.(2015)e4 7|38 F4o] RMSE FHA3}=2 AMg-3k v} Qlok
ool wfe} & ok Felarat sk ZFEAIet ARREe] AL
e i A HxkE Faskehe gho= AHgsiint At
& ol 71 RE 8] 918 Modele t}e-3 2t} Two-fluid
Modelelx] né] gho] 13T} 2kord |k Bl Aj&apgo] sold
of] we} FeEr} STIeHA| EEE nol| thet Alekts FU1sK
L, 53k Bq. (16) 0258 AAldete] A= gk Alokeds
F7Fet3rE RMSEE= Aldete] edAlge gl 71s2)el ofs) As)
ZIt}. ek RMSEES A PAEE g 75218 3
Akl ofelRo R Qlete], HAsle A9ads Sl 7ot
I tiFig. 2 F1).
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min RMSE(w, v,)= - (17)

(v,: AR A, 2, B TS, g, Model TS,

t SRIARE, Tt A B5A1b

st. O<w<1
0<v, <v,w"
n>1
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A, T8, TR, ST T =T S 2R
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SIE w40 ARgg Als= A1&A] TOPISS] BA] DTG #E0)
], Two-fluid Model #2415 $13F T9IARES TOPISO] AFay
F719} T 15022 Sl ¥ F 57671 Data Set). TOPISe]|
A AEShs YA DTG AR 1032 T9]e] 70|22 YES
3 ] AR vEH FaTdE=E FTs] 2HgsheE ol
AV} 94& = ok T Aol AR Aks] BEL 150X
4 3867001 Hul) 27,9172, TR 47} FEI R 102
9)0] AkEE FEA] VIES R W AR veTt BaTlss
& FHshk= Bolle A ghe A= FhkEt(Table 1 al).

4, APt

Table 20 AAE 53 o] 4241 107] ol sl 242
Y Ak, A A] AT AL oF 32 kpholH

Table 1. Number of Data in 150 Second by Region

Region Max Min Average
Dobong-gu 4,089 586 1,868
Dongdaemun-gu 3,135 386 1,669
Dongjak-gu 3,176 446 1,558
Eunpyeong-gu 4,230 683 2,343
Gangbuk-gu 27,991 4,244 14,710
Gangnam-gu 7,615 1,557 4,271
Gwanak-gu 24,304 2,755 13,738
Jongno-gu 14,852 1,275 8,224
Jung-gu 8,995 1,361 5,728
Yongsan-gu 6,266 479 3,858
Average 10,465 1,377 5,797

D obohd gy

GagbUk-gl T\

ElfyEong-au

Srigtlasrun gu

Seadaemun-guiii

Gangdong-gu

seongdong-gu

iiGangnamios

D‘ spatial scope

Fig. 3. Spatial Scope (Seoul)
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38 kphe] H9IE 7IA&E Aoz yepgon], gx|ajege] g
TFEA(W)E F2x 035004 Fo] 0429] 3k& 7FAE Zlo= e}
Sk B aellr gufshs vhs FAARER] HlEE UES] T
g 039 vhEe] FEke vjAW, JAIGE ofa} ARl
HIE&-2 061 THFe] gk mZIthe Zlolth gR|eo] A=
ola}t Al vlsl vIES = nx= dFo] ] AL AR
ERIT] o) =AR: 712l Mgl o8] Ax)xleo)
P EFEe] Qlorm e HR|afFe] Hlgo] WES]| T JjFe
2 g3ks d njaj= Ao 7 ekt 71E ModelS ARz}

Table 2. Two-fluid Parameters by Regions

FeYxlFo 2k Lrrolied), B R ATE B3 FAR Q3 A
2 AR UIES A A5 J3s nlivthe 2s &
= 9k Two-fluid Modele] ]ElQ] T2 71E ModeloiA
it 0.760]103L B Aol ¢kl Model& Bt 0.728 &2
H3kE HolA] eiolth mIAIR ne] Wit 9] 7| Model
B opelx] Aok Modele] #ho] 71zt 2399} 2260 % 2 2plE
Holx] W9tk 7+ Model 23S vl 4= 9= BYAGR)E
SE Aol 71 2& & = 9lom, 107] o] ARAGE
Bt 0.78914 Hit 0.99= AFPAo] S71sH 21e RIS

>

. T (min/km) R Congestion speed
Region w
Original Proposed Original Proposed Original Proposed (knvh)
Dobong-gu 0.77 0.76 2.35 2.06 0.56 0.99 35 0.37
Dongdaemun-gu 0.96 0.75 1.78 2.11 0.67 0.99 35 0.37
Dongjak-gu 0.96 0.80 2.37 2.17 0.69 0.98 32 0.42
Eunpyeong-gu 0.73 0.74 2.54 2.09 0.68 0.99 36 0.40
Gangbuk-gu 0.75 0.78 2.55 1.97 0.78 0.99 35 0.37
Gangnam-gu 0.80 0.62 1.97 2.71 0.94 0.99 32 0.40
Gwanak-gu 0.62 0.65 2.67 2.32 0.94 1.00 35 0.37
Jongno-gu 0.68 0.78 2.59 2.23 0.90 1.00 32 0.41
Jung-gu 0.60 0.70 2.57 2.69 0.90 1.00 29 0.35
Yongsan-gu 0.68 0.64 2.53 2.26 0.78 0.99 38 0.40
Average 0.76 0.72 2.39 2.26 0.78 0.99 33.9 0.39
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Fig. 4. Two-Fluid Model Parameters Diagram by Region (Left: Original Model, Right: Proposed Model) (Continue)
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