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ABSTRACT

This study, developed a dynamic hard shoulder running(HSR) algorithm that includes ending
speed and minimum operation time in addition to the starting speed for HSR, and presented an
operation plan. The first stage of the algorithm was red, which means vehicles are prohibited from
HSR. The second stage is red/amber, in which drivers are notified of HSR, and operators are given
time to check whether there is any obstacle to HSR. Stage 3 is green, which vehicles are permitted
for HSR. Stage 4 is amber, in which a signal is given to drivers that the end of HSR is imminent.
In addition, a minimum time is applied to green and red, but if congestion is severe, red is terminated
early to prevent congestion from worsening. The upstream and downstream traffic flow is managed
stably through main line ramp metering and lane number matching. The operating standard speed
reflects the characteristics of vehicles and drivers, and based on simulation results, 7090 was selected
as the optimal operating standard speed considering traffic flow and safety aspects. Therefore it is
desirable to apply the travel time divided by the minimum speed of the HSR link as the minimum
operating time in order to ensure continuity of traffic flow

Key words : Hard shoulder running, Operating standard speed, Main line ramp metering, Lane
number matching



of X ol B H G WFT HRE W H T o BRoMp kR TR e oW BR
TREBTDH P WE I T R B BT oy FH L, PR
iEP X gren¥exa X I B R B
wr T T T m o< N "o R T " P o= Fg ooy o T T AKX
%o_aqo.;%%m, %NJ@_%%@.%%%E mumﬂﬁrﬁbmndoo_oanmﬂ%%
poEEEE W d T oy g R T ogTge e, o
MTEMOOEM HO_EH7MomWNMﬂHoW7_M MﬂwmﬂiﬂﬂléeﬁLﬁTATEoﬂw
sRBAES HeEePE ey R R B e
R;t;o%@mum/ ;oiHAE‘DLEEET;oL %gzlﬂoﬂu_nyvﬁoﬂe.x@ﬂiA
< “_J&l T = ﬂ = X I, 0 .ﬁ_v ET L_O 1 E__u ;O_L- 7E =K o d.ﬂ
DT o8& HXHZIs® _H L Wy R LR
I - S R T nll A ) S

BEL L EE Eha . iBBED R I
AN g = Ao SR ) o R R
~lle] 5 0 ol _,W_n_moon_o iy 71leﬂ1x_.E._ ETHQ]MH]
“rzdl ZErEEvuzer S EFE NS
o N = Nodo o = B A zo o Do ® W os o upp
TarEEE TroBERTwkin gﬁﬂ%&%@%@%%

Mo L 2SS Mg o N o ook Rr MNP T X oo
prezis x2I0zC il LESEEE LS
T A < A A I S ﬂw@@%mﬂwo_gmm
I B S . e T R T " 7R e T Xk
%m_xo#lhcz W E ' W om 5 moawﬂ_.d,o_aﬂiﬂarmﬁi
Azl gRT @ gym s My o o T X T W ALE L T
oo N NN = T &= % NN oo iﬂ%moe?i%muio%mv
FXESTE xR R N wowouE B m 0 R
,IJ.ELH_VH_/H g ;o.L. . N ]_l‘.m_l JzEOEOLHHT:iﬁOO_L .MH.IA
ShewTe Fgifsesic Koy Hoepoy e oo

|— o~ . e = NN T= ! \HOI

X - ~ s o BT ob W — ) ob 1
e fY IRfeiTEkigs IRTEYCHET
Ry T L EikIP T RNV FedRELeT Wl
ol ot ulEdcdt EXRC A QA

i T 1) A_v_ ]EJ- dl o “l_l
G Boh g mﬁmﬁ@%mﬂg%o%% ﬂaﬂ%mwﬂmw}m%7%
Trella sEmgLTEwiAl T EaEarraLyd
o e K < - 4+ 9 = © — ¥ =" M ol
HokSwidn LL3ETELu5E palEa T, we s
o —~ 7 o " X op T ] [ I 0 k3
w onkrREE FUETHLREALl SEEzTigclLig

o HOR T oy O i = %o )P L S N B

Eq o = T .éwaﬂﬂmﬂ o T % - o W — B E oo M o e
RO 1 Y T (s A oy 0 M T XE B F N o B ok ) oy B
= A,_ﬂﬂJLﬁMﬂ/ﬁ_MM7AﬁdioﬂaﬂlﬂaﬂﬂﬂuﬂEow_m 70 ZﬁMﬁﬂ&OHTOEATO_/_ZT-%
r AR mg g wme AL P ERE TRy e
3 Mﬂuﬁlﬂlﬂ‘_mﬂwaoﬁﬁﬂef%&ﬂAeEw_/r‘_ﬁTM J_n.w_m ﬂ:m;tﬂ:.,._ﬂxrsemﬂaooﬂai
L A I Bl RO, I (e R R o
- Mo HMEMS B R RN @A TP o T T oW KT E ET W

17

8 ZtaA= A

)

11 9

[¢)
Journal of Korean Society of Intelligent Transport Systems

o W& £ WA

Vol.23 No.4 (2024. 8)




UEE2 I JHXNEH L2150 2YUY HF

£EFAT 52 AYAG. olF FL ATAYL SN <Fig 1>7 Lok

Analysis of HSR operation status Review of previous researches

‘ Deriving implications ‘
\
‘ Setting research objectives and methods ‘

Highway traffic flow analysis
- drivers’ Speed fluctuation calculation
- speed distribution according to traffic volume variations

‘ Ist operation standard speed calculation ‘

[
Algorithm Development

\
‘ Simulations by scenario (VISSIM, SSAM) ‘

‘ Evaluation indicator settings ‘

‘ Analsis of simulation results by evaluation indicator ‘

\
’ Setting operating standards for HSR ‘

<Fig. 1> Research framework
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<Fig. 2> Speed distribution according to traffic volume changes over time (all lanes)
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<Fig. 3a> HSR Algorithm for congestion <Fig. 30> HSR Algorithm for heavy congestion
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<Fig. 4> Algorithm 3 for hard shoulder running
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AE ZIEE —8} |32 9,000t/ A 744 Z713E & sl ACE 5E YR UEINY AX uF
F2 AFEE 60kpho] §FR 1,800th/A17F EHE =S oAt 2FF T4
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100kph, AZZ+ 60kph®E 3til oo W& 7}<&AtE 220m, THEAFE 120mE 112]3H Networks 2443331
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T B30 e AE Az T3 A% B 432 AdE e} 5AE AYHE AAsto ZbAAE H4 A
T 4222 F8ta, ZHAAE Y Ae SAHER FPT 7 JEE A olF 8 4A = AVE F
S 22 WAL & F e vpA Y 23 (emergency stop)S AWE] AR 3750mell A XSt 22 WA A
£ RN B2 4300m, ST ©W A 4800moll A sk ZbAAE HA Aldls ZHAAE o] &S X §HA s
o AT 53 A2s 2HEAEA S AT static route2} ZHARIE N el whel ¥H3}= partial route
AAE HHA 422, NFA 5AZ)E FEIIY FEH3HA T

~
3

2) network A

Aake 2AIZ S 1HAE AFTd Y A" s 32 AFEY £ U FgEHE
E ZUHE 53¢ AldFe AHab BHE St AAsdnh Az &9 ARE A2 WA FHE
(emergency stop)®] FFAH AAste] ZAARE &Y oRol| M2 T HE AdEo] /b3 ER STt
Aol AR SIHRAFT A 22 WA A-H] A4S AFFso] AR & Wt &&she
HE WollA F AR H4e HLSANZHT 23 S5 £X9 &%) thdk FAIOE desired speed
distribution £ = T&EZ AX|7] HolE(110kph T3t @ AHELC-HFLLC, 100kph 3t @ $31.C-4E1.0)

& EUE 3459 540 & vtys e &3 LA A M 2E R dHY 282 E HE3th 181

£L driving behavior 84 T dFFo] TS of u_% SFo & Y-S WA= gap time distribution #h-&
zAst &5 T} §Fo] AA7] HolH 9} 7P FARE gE AAEAET L7 W Y 5% uF

22 2288pcph ‘Ministry of Land, Infrastructure and Transport(2013)’ 4] A AJE A|gk&S 100kphe} 120kph2]
29 o] &3t B o g AAF 110kph &% 2250pcpht FAFSHA UEh L S 8271 24 W 9l
A wFEFAA EF nEFE HolH= F1te] HA7] HolE 9F FAFSHA 80kph~90kph T3t 12
1 60kph~80kph 77t WEFE A& 2102 Yeht HA7] HolH ¢ nE % Wl ©pE S5z} 7}
A AR o2 BN

&EHO@O
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<Table 1> Travel speed by algorithm

- ) speed limit(kph) 110 100
minimum time algorithm 1 | 2 | 3 ] 4 1 | 2 [ 3 | 4
(sec)
speed without HSR(kph) (a) 76.0 69.0
speed with HSR | 2 ramp | 884 88.1 88.1 88.4 81.3 81.1 81.1 813
(kph) (b) 1 ramp | 878 87.0 87.0 87.8 81.0 80.0 80.0 81.0
o HSR time (sec) | 2 ramp | 4729.7 | 4465.8 | 44658 | 4729.7 | 53292 | 5104.0 | 51040 | 53292
© 1 ramp | 4408.0 | 3989.2 | 3989.2 | 44080 | 51258 | 4677.0 | 46868 | 5105.0
2ramp | 94 9.8 9.8 94 8.3 85 85 8.3
(b-a)/c
1 ramp | 97 99 99 9.7 8.4 8.5 85 8.5
speed with HSR | 2 ramp | 86.1 84.6 88.7 89.0 78.6 718 812 813
(kph) (b) 1 ramp | 839 83.2 89.1 89.2 76.7 75.5 81.4 81.5
300 HSR time (sec) | 2 ramp | 4468.0 | 41930 | 5438.8 | 5660.0 | 4764.0 | 45793 | 57168 | 5897.8
© 1 ramp | 3909.0 | 3777.3 | 53850 | 5519.0 | 4383.0 | 3965.3 | 5424.3 | 5575.8
2 ramp | 8.1 7.4 8.4 83 72 6.9 7.7 75
(b-a)c
1 ramp | 73 6.9 8.8 8.6 6.3 59 82 8.1
speed with HSR | 2 ramp | 848 84.2 89.2 89.4 84.1 76.8 815 815
(kph) (b) 1 ramp | 84.6 84.4 89.2 89.3 715 74.5 82.1 82.3
500 HSR time (sec) | 2 ramp | 4248.0 | 40350 | 61538 | 6180.7 | 3897.0 | 4579.3 | 61400 | 6197.0
© 1 ramp | 37242 | 3689.8 | 5952.7 | 6047.7 | 4060.8 | 38742 | 60350 | 61352
2ramp | 75 74 77 78 139 6.1 73 73
(b-a)/c
1 ramp | 83 82 8.0 79 75 5.1 78 78
speed with HSR | 2 ramp | 834 835 885 89.2 712 763 812 81.4
(kph) (b) 1 ramp | 845 83.9 90.2 90.3 713 710 82.1 82.3
%00 HSR time (sec) | 2 ramp | 3819.8 | 3818.8 | 64113 | 65133 | 3860.8 | 3582.5 | 61148 | 6243.0
© 1 ramp | 37750 | 3717.8 | 60640 | 6081.0 | 3939.5 | 38782 | 6301.0 | 6317.5
2 ramp | 69 7.1 7.0 73 7.6 73 72 7.1
(b-a)c
1 ramp | 8.1 7.7 85 85 7.6 74 75 7.6
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52 SN JUNEN AMEY 2YI|H oF

£ A= 030} 7L A= F0) Aol vle 22 8L A sty 2ReA 2Y a5Se a7 31
gk o) Zolth.

T7IEEEE AEYOIAE S F4E ALt HATYARPERE FYBITE <Table 2>} o] A
=0l Aol TEEETE 6090, 7090, 80902 FHELETF FUFSHAIRE O Afol= ofF A Ao R
veRdth 83 A$EE7) 10kph SRS B34S 2ol 10kph 2ok 2l F718le] Aljt&E F7)
T AA SR SV ¥v ZoE YERth 2HEAR SYARIE 2Y7IE F5E 6090, 7090,
8000 ©0.2 FVlekE Ao 2 Uehgm, #28 18 497 FlelA e ASHTE e 294
ol 2318 A Uetet ol Hx F7F AXd mE §% FUIE AR 9 Al B2 wEFo
YAl B FA4A] =2 wFFo] Tk 5 B3 wEEel Al e WEolth ZHAAE & BEA
A% g AFEE7F 110kph?! 78978 100kphd] 74-F-20 25 A Yelgi £371F S=0 wetse
Az F7} A A 6000, 7000, 8090 0.2 HobAE A o2 LERtA T 137k Al 70000] 74 A B
A=A
<Table 2> Travel speed by operation speed
minimum time speed limit(kph) 110 100

(sec) operation speed(kph) 6090 7090 8090 6090 7090 8090
speed with HSR | 2 ramp 87.2 88.4 89.3 79.9 81.3 81.4
(kph) () 1 ramp 86.1 87.8 88.4 79.8 81.0 81.5
o HSR time (sec) | 2 ramp | 40795 4729.7 5080.0 4640.7 5329.2 5830.7
© 1 ramp 38773 4408.0 4852.8 4573.0 5105.0 5253.5
2 ramp 9.9 9.4 9.4 8.4 8.3 7.6
(b-a)lc
1 ramp 9.3 9.7 9.2 8.5 8.5 8.6
speed with HSR | 2 ramp 879 89.0 89.8 80.0 81.3 81.8
(kph) (b) 1 ramp 86.2 89.2 89.5 79.6 81.5 82.1
200 HSR time (sec) | 2 ramp | 48547 5660.0 6221.3 5271.3 5817.2 6525.0
© 1 ramp | 45167 5519.0 6042.7 4789.2 5575.8 6387.8
2 ramp 8.8 83 8.0 75 7.6 7.0
(b-a)/c
1 ramp 8.1 8.6 8.1 8.0 8.1 7.4
speed with HSR | 2 ramp 89.0 89.4 89.7 80.4 81.5 81.7
(kph) (b) 1 ramp 88.4 89.3 90.4 80.5 82.3 82.6
500 HSR time (sec) | 2 ramp | 52010 6195.7 6787.7 5349.5 6197.0 6769.2
© 1 ramp | 5361.0 6047.7 6456.2 5198.0 6135.2 6819.3
HSR time (sec) 2 ramp 9.0 7.8 73 7.7 73 6.7
© 1 ramp 8.3 7.9 8.0 8.0 7.8 72
speed with HSR | 2 ramp 88.5 89.2 90.1 80.8 81.4 81.7
(kph) (b) 1 ramp 88.4 90.3 90.5 80.4 82.3 82.7
900 HSR time (sec) | 2 ramp | 5066.2 6513.3 712022 5467.8 6270.8 7169.0
© 1 ramp | 4996.2 6081.0 6608.3 5488.7 6317.5 6886.2
2 ramp 8.9 7.3 7.1 7.7 7.1 6.4
(b-a)/c
1 ramp 8.9 8.5 79 75 7.6 7.1

Note : (a) is in <Table 1>
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<Table 3> HAEIANE FhEEE F7F 27 AXE 900220 A5 AYstd HLEFGAIZo]
AoASE /AT B84 ARE H2ePATo] W52 gAH e tashs A0 Vet
<Table 3> Travel speed for algorithm 4 and operation speed of 7090
speed limit(kph) 110 100
minimum time (sec) 0 300 600 900 0 300 600 900
. 2 ramp 88.4 89.0 89.4 89.2 81.3 81.3 81.5 81.4
speed with HSR (kph) (b)
1 ramp 87.8 89.2 89.3 90.3 81.0 81.5 82.3 823
2 ramp 94 83 7.8 73 8.3 7.6 73 7.1
(b-a)/c
1 ramp 9.7 8.6 79 8.5 8.5 8.1 7.8 7.6

Note : (a) is in <Table 1>

?) EANSY
<Table 4>&12]FE T2 2%
79 53 Ao Z YElgEd AP AT ] Fof AAxE &
ot HAEGAEO] 60029 9002 A= T E3, 471 ¢ Fl, 28
= o J 2

7¥stach 28y 1 2o

<Table 4> Arrived vehicles by algorithm

. speed limit(kph) 110 100
I algorithm 1 [ 2 [ 3] 4 1 [ 2 [ 3 ] 4
time (sec)
arrived veh without HSR(veh)(a) 8917.0 8859.0

) ) 2 ramp 9938.0 | 9939.0 | 9939.0 | 9938.0 | 9926.0 | 9927.0 | 9927.0 | 9926.0
ME\Slﬁl;(i(v\;il; (‘Zl)ﬂl 1 ramp 9609.0 | 9703.0 | 9703.0 | 9609.0 | 9425.0 | 9566.0 | 9566.0 | 9425.0
0 2—1 329 236 236 329 501 361 361 501
2 ramp 771.1 823.9 823.9 771.1 720.8 753.3 753.3 720.8
1 ramp 565.2 709.3 709.3 565.2 397.5 544.2 543.1 399.1

) ) 2 ramp 9821.0 | 9785.0 | 9938.0 | 9938.0 | 9704.0 | 9704.0 | 9922.0 | 9926.0
ME\S]tl;d(VZil)l (‘Zl)ﬂl 1 ramp 9426.0 | 9467.0 | 9495.0 | 9486.0 | 9344.0 | 9363.0 | 9418.0 | 9376.0
300 2—1 395 318 443 452 360 341 504 550
2 ramp 728.4 7452 675.8 649.4 638.5 664.3 669.4 651.3
1 ramp 468.8 5242 386.4 371.2 3984 457.6 371.0 333.8

) ) 2 ramp 9768.0 | 9746.0 | 9945.0 | 9943.0 | 9593.0 | 9713.0 | 9932.0 | 9933.0
ME\S]tl;d(VZil)l (‘Zl)ﬂl 1 ramp 9302.0 | 9329.0 | 9409.0 | 9395.0 | 9229.0 | 9214.0 | 9329.0 | 9312.0
600 2—1 466 417 536 548 364 499 603 621
2 ramp 7212 739.6 601.4 597.6 678.1 671.4 629.1 623.9
1 ramp 3722 402.0 297.5 284.5 328.0 329.9 280.4 265.8

) ) 2 ramp 9756.0 | 9756.0 | 9949.0 | 9949.0 | 9704.0 | 9633.0 | 9933.0 | 9933.0
arIr{l\S/el;d(v\;})l (Vgl)th 1 ramp 9354.0 | 9348.0 | 9384.0 | 9380.0 | 9286.0 | 9269.0 | 9302.0 | 9290.0
900 2—1 402 408 565 569 418 364 631 643
2 ramp 790.7 790.9 579.5 570.4 787.9 771.8 632.3 619.3
1 ramp 416.7 417.3 2772 274.1 390.2 380.6 253.1 245.6

(b-a)/c

(b-a)/c

(b-a)lc

(b-a)lc

28  PIRTSYI =27 TI233, M42(2024H 8K)




V&2 IH AR L5 2Y7E AT

jm
B
Mo
of
>,
[N
a
o
Y
e
rulru
2L
39
—".ﬂ
rg
e
l_.
Ach
J,
S
A
2
_VE
ay

Ao ehdth WE )37 Al b
280} 2 A2 VST, 92 027} AL 42 ) Aug £ 25 Lol - st A Hos
Jehted AR 09 A AEAR glol BHOR Agaok 7] mzel TR So] FEH

+% 2 2
o ZAEoA |z S AR dFe nE FYPLE }% Zol7k AT ol Foll shrt A
<Table 5>4 €F7|& £5EH £2 w5 FS AFEE 110kpho] 100kph T HAPAE Z3ste] BE
AU oA Be Aoz Yelyth 2497|&4& 50 welAs 60905 THE 7090, 80900 IA B Zog
YERFT 70003 80908 2 2}o|7} gl= Ao JERYT E8A AF e WX =71 X A7 @R T4
LFEWE} LYEE WE A AE ghE 6090, 7090, 8090 O 2 Aol Ao B AT 8090
< 6090, 70900 Bls A DolAE= ZOo= JERST

<Table 5> Arrived vehicles by algorithm

minimum speed limit(kph) 110 100
time(sec) operation speed(kph) 6090 7090 8090 6090 7090 8090
aived veh with | 2 ramp | 98830 | 99380 | 99350 | 98770 | 99260 | 99320

. HSR(veh) ®) | I ramp | 94970 | 96090 | 96010 | 94060 | 94250 | 9419.0
e 2ramp | 8525 777.1 7214 789.7 7208 6625

| ramp | 5385 5652 507.4 4306 399.1 3837

amived veh with | 2 ramp | 99050 | 99380 | 99380 | 98620 | 99260 | 9937.0

- HSR(veh) ) | I ramp | 94020 | 94860 | 04750 | 93080 | 93760 | 93330

2 ramp | 7327 649.4 5908 685.0 660.3 594.8

(b-aye Lramp | 3866 3712 3324 3375 33338 267.1

amived veh with | 2 ramp | 99370 | 99430 | 99480 | 98690 | 99330 | 99360

0 HSR(veh) ®) | I ramp | 93930 | 93950 | 903850 | 92830 | 93120 | 92790

2 ramp | 7060 596.2 5468 679.7 623.9 5728

(®-afe Lramp | 3196 2845 261.0 2937 2658 217

amived veh with | 2 ramp | 99470 | 99490 | 99550 | 99240 | 99330 | 9946.0

000 HSR(veh) ®) | I ramp | 93820 | 93800 | 03510 | 92980 | 92900 | 92710
2ramp | 7319 570.4 52438 7012 616.6 545.9

®-aye Lramp | 3351 274.1 236.4 2879 2456 2154

Note : (a) is in <Table 4>

A8 A gEloI AL AE|FA%} LYVIEEE 10908 A B3} ST w2
& Haeg Aol Dol a5 ZrehAR B 371 vl AR A w2 Ueks,

A

<Table 6>°l 4 &A%
7} A2 A

AEFE A=

A 7 X

b

<Table 6> Arrived vehicles by algorithm

speed limit(kph) 110 100
minimum  time(sec) 0 300 600 900 0 300 600 900
arrived veh with 2 ramp 9938.0 9938.0 9943.0 9949.0 9926.0 9926.0 9933.0 9933.0
HSR(kph) (b) lramp | 96090 | 94860 | 93950 | 93800 | 94250 | 93760 | 93120 | 9290.0

2 ramp 7711 649.4 596.2 5704 720.8 660.3 623.9 616.6
1 ramp 565.2 371.2 284.5 2741 399.1 3338 265.8 245.6

(b-a)fc

Note : (a) is in <Table 4>
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3 O UsSH
fEd AFFS 2F EFOE networkell M YA 53 wFFRUH <Table 7>3320] ZALAEE A
ot APAET TA] FAEE ZOE YERT HAEHARI] 02 We rE 15 Fo] 00%
YERRTE HALGAT] $718EE 3 El, 2& vlEd 2B 0] S8 EaEE3, 4= HALFA
Thol| ZFdglol m&d W o] MAEA Fol dFl, 28T &&Fo] F Ao E EAFHGT = vF7}
A rlEd el A B E FZ 371 AR ARG &) A "ol = Ao E Uehgth 884
A% e dargEl, 200 vis) daelE3, 47 Al 22 Ao E EMHAEH EaeEs, 45 F Aelrt §l
© A0 % Yeyith X nj37t Ale 37 AX AR v wEo]l AR ) ol ZHAAE Al Tk
2271 glojAl Zjo] ofF & wjZolw o] Eg fx F7} AX] o R mE &% Ao|7t AA F& ol
< sholth
<Table 7> Non-departure vehicles by algorithm
speed limit(kph) 110 100
minimum algorithm 1 | 2 [ 3 | 4 1 [ 2 ] 3 | 4
time(sec) Non-departure veh without 6115 5788
HSR(vph) (a)
Non-departure veh with| 2 ramp | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HSR(vph) (b) 1 ramp | 2647 | 1725 | 1725 | 2647 | 4532 | 3078 | 307.8 | 4532
0 2 ramp | 4654 | -492.9 | -4929 | -465.4 | -391.0 | -4083 | -4083 | -391.0
(bae 1 ramp | 2833 | 3962 | -3962 | 2833 | -883 | 2086 | -2082 | -88.6
Non-departure veh with | 2 rTamp | 0.0 18.7 0.0 0.0 60.8 60.8 0.0 0.0
300 HSR(vph) (b) 1 ramp | 381.8 | 3297 | 3945 | 4220 | 4042 | 3672 | 4722 | 5188
2 ramp | 4927 | -509.0 | -404.8 | -3889 | -391.4 | 4072 | -364.5 | -3533
(baye | ramp | 2115 | 2686 | -145.1 | -1236 | -1435 | -1922 | 708 | -387
Non-departure veh with | 2 ramp | 10.8 15.8 0.0 0.0 1527 | 253 0.0 0.0
HSR(vph) (b) 1 ramp | 4017 | 379.8 | 4922 | 5243 | 467.0 | 4117 | 5733 | 5945
60 2 ramp | -509.0 | 5315 | -357.7 | 3562 | -393.7 | -435.1 | -3394 | -336.3
(b-aye 1 ramp | 2028 | 2260 | -722 | 519 | -99.1 | -1553 | -33 92
Non-departure veh with | 2 ramp | 403 40.3 0.0 0.0 46.3 583 0.0 0.0
%00 HSR(vph) (b) 1 ramp | 4168 | 417.5 | 5358 | 5383 | 4730 | 4643 | 6050 | 613.0
2 ramp | 5383 | -538.4 | -3434 | -3380 | 4965 | -523.0 | -340.8 | -333.8
(b 1 ramp | -185.6 | -187.9 | -449 | -433 | -967 | -1063 | 150 19.5

<Table 8>#7o] LF7|EEEE HEL BFFL PAPAE 23t BE Ao AdES 110kph
°] 100kphX T} ZL& 7o 2 Yyt F7I2 AZE HX3 4= v|EE w530 A AUqATH F
7} AAE SHA 2 A9olE min timeo] F55 V8 AR UERTH £97E £5 HE A4vEd
6090, 7090, 8090 =°.2 F7lsleE S E UelhY &84 AZE ZH 6090, 7090, 8090 o2 ZrAslE Ao
2 Uehgth ol& ZkdatE A A7k 6090, 7090, 8090 O 8 Z7}sle] WIE u|Frt AlE AYo] ojE L

Aol Z7}e WFolTh,
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<Table 8> Non-departure vehicles by operation speed

minimum speed limit(kph) 110 100
time(sec) operation speed(kph) 6090 7090 8090 6090 7090 8090
Non-departure veh with | 2 ramp 0.0 0.0 0.0 0.0 0.0 0.0
HSR(vph) (b) 1 ramp 267.7 264.7 275.7 4332 4532 4522
0 2 ramp | -539.6 -465.4 4333 -449.0 -391.0 3574
(b 1 ramp | -3192 2833 249.1 -114.7 -88.6 -86.8
Non-departure veh with | 2 ramp 0.0 0.0 0.0 0.0 0.0 0.0
HSR(vph) (b) 1 ramp 393.2 4220 448.7 484.0 518.8 577.0
30 2 ramp | -4535 -388.9 3538 -395.3 -358.2 3194
(b 1 amp  -174.0 -1236 -97.0 713 -38.7 -1.0
Non-departure veh with | 2 ramp 0.0 0.0 0.0 0.0 0.0 0.0
600 HSR(vph) (b) 1 ramp 4927 5243 536.2 572.2 594.5 623.5
2 ramp | -4233 -355.3 3243 -389.5 -336.3 -307.8
(-alje | ramp | 798 519 420 46 92 236
Non-departure veh with | 2 ramp 0.0 0.0 0.0 0.0 0.0 0.0
900 HSR(vph) (b) 1 ramp 510.3 5383 580.0 597.7 613.0 6475
2 ramp | -434.5 -338.0 3092 -381.1 3323 2907
(b-ae 1 ramp 729 -433 172 12.4 19.5 359

Note : (a) is in <Table 7>

<Table 9>} o] A/\%"é/\lﬁ‘?“é MEd WEFE HZ F7F AR Ale AEA Fkou v AN s
BEE Aol sl 2 GHIZto] AojdE Hol WA

ﬂ
r—{o

<Table 9> Non-departure vehicles by minimum time

speed limit(kph) 110 100
minimum time(sec) 0 300 600 900 0 300 600 900
Non-departure veh with | 2 tamp | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HSR(vph) (b) 1 ramp | 2647 4220 5243 5383 4532 5188 594.5 613.0
2 ramp | 4654 | -3889 | 3553 | 3380 | -391.0 | -3582 | 3363 | -3323
(baye lramp | 2833 | -1236 | -519 433 88.6 -38.7 92 19.5

Note : (a) is in <Table 7>

4) 452

4% 3= 670 random seeds © 2 ‘%‘3 53 4E 3k grolth <Table 105914 2232 &9 A7}
Q@ ARG FZ 357t 20180 ALAARE LFE AF LBFHIE A MAEY 4F FE A
=Y 7 Ue AR et HALGAT] 0% A5 ALt dagEs, 47F daEFL 28T A
23152 37 Zol= AoE Rt d1gE33 GugZ4= 1 xolr) ZA &1 dxEksxE s
YEb T HALGATe] S7HErE A4 Sl g S78ke A 02 YEsou ﬂE% F7HE A
A8 FLE XA B AeE AAGHAG A UEgted HAEARe] A4S HAZE UL
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<Table 10> Conflicts by algorithm

speed limit(kph) 110 100
i algorithm 1 | 2 [ 3 | 4 1 | 2 [ 3 | 4
time(sec)
conflicts without HSR(um) (a) 14710 15201
conflicts with | 2 ramp | 5691.0 | 5788.0 | 5788.0 | 5691.0 | 6100.0 | 59950 | 59950 | 6100.0
0 HSR(mum) () | 1 ramp | 5517.0 | 5938.0 | 59380 | 5517.0 | 5773.0 | 63600 | 63600 | 5773.0
2 ramp -19 2.0 2.0 -19 -17 -18 -1.8 -17
(b-a)/c
1 ramp 2.1 22 22 2.1 -17 -18 -1.8 -1.8
conflicts with | 2 ramp | 79760 | 91340 | 58160 | 56630 | 87660 | 9762.0 | 6389.0 | 6347.0
300 HSR(mum) (b) | 1 ramp | 8484.0 | 8484.0 | 4671.0 | 47770 | 93710 | 110280 | 55960 | 5634.0
2 ramp -15 -13 -1.6 -16 -14 -1.2 -15 -15
(b-a)/c
1 ramp -16 -16 -19 -1.8 -12 09 -17 -1.6
conflicts with | 2 ramp | 9800.0 | 100960 | 5815.0 | 5527.0 | 9094.0 | 115140 | 62720 | 6413.0
600 HSR(mum) () | 1 ramp | 8081.0 | 7952.0 | 4582.0 | 4724.0 | 91450 | 13669.0 | 5273.0 | 4885.0
2 ramp -12 -1.1 -14 -15 -16 0.8 -15 -14
(b-a)/c
1 ramp -1.8 -1.8 -17 -17 -14 03 -16 -1.6
conflicts with | 2 ramp | 100160 | 9789.0 | 72640 | 6183.0 | 10328.0 | 11351.0 | 6461.0 | 6337.0
%00 HSR(um) () | 1 ramp | 7771.0 | 83960 | 39740 | 40320 | 9163.0 | 9503.0 | 5193.0 | 4826.0
2 ramp -12 -13 12 -13 -13 -1.1 -14 -14
(b-a)fc
1 ramp -18 -17 -1.8 -1.8 -14 -13 -15 -1.6
CH7EEEE 4T 3T <Table 11>004 BE Alve] 20014 6090, 7090, 8090 0.8 4% o+ 1+
&8s A2 YEPYTH min time 9008 95 A3 min time®] F5E A% 357 dadte AL
2 Jelgth 384 AZE 70900 iAo E A7 80900] /P AL Aow BAECH
<Table 11> Conflicts by algorithm
minimum speed limit(kph) 110 100
time(sec) operation speed (kph) 6090 7090 8090 6090 7090 8090
conflicts with | 2 Tamp |  6072.0 5691.0 4739.0 6798.0 6100.0 6290.0
HSR(um) ®) | 1 ramp | 6779.0 5517.0 5408.0 6472.0 5773.0 5863.0
0
2 ramp -1.8 2.0 22 -16 -1.8 -17
(b-a)fc
1 ramp -1.8 23 23 -1.7 20 20
conflicts with | 2 ramp |  5953.0 5663.0 5057.0 7177.0 6347.0 6072.0
HSR(um) ®) | | ramp | 6580.0 47770 4417.0 6452.0 5634.0 5073.0
300
2 ramp 20 22 -1.8 -17 -19 -1.6
(b-a)/c
1 ramp 21 2.6 -1.9 20 24 -1.9
600 conflicts with | 2 ramp | 57100 5527.0 5324.0 6571.0 6413.0 6404.0
HSR(um) ) | | ramp | 5089.0 4724.0 4129.0 6412.0 4885.0 5297.0

32 PIRTSSR| =27 TI233, M42(2024H 8K)



uEE2 I ZHEXEH Lo

il

o 2YUIY AT

minimum speed limit(kph) 110 100
time(sec) operation speed (kph) 6090 7090 8090 6090 7090 8090
2 ramp 2.1 23 -1.5 22 -19 -14
(b-a)c
1 ramp 2.6 2.7 -1.8 22 2.7 -1.6
conflicts with 2 ramp 6251.0 6183.0 5264.0 6390.0 6337.0 6226.0
900 HSR(num) (b) 1 ramp 5181.0 4032.0 4184.0 6229.0 4826.0 4827.0
2 ramp 22 22 -1.5 23 25 -1.5
(b-a)fc
1 ramp 25 29 -1.7 23 2.7 -1.6

Note : (a) is in <Table 10>

EFTYAIPE S S <Table 12>914 F7F H AR A7} ]3] ARG @o] M Hae
YA B FIF AR Al vEA AZE BE ' oAt dAT AAE HolAE FUuTh

<Table 12> Conflicts by minimum time

speed limit(kph) 110 100
minimum time(sec) 0 300 600 900 0 300 600 900
conflicts with 2 ramp | 5691.0 5663.0 5527.0 6183.0 6100.0 6347.0 6413.0 6337.0
HSR(num) (b) 1 ramp | 5517.0 4777.0 4724.0 4032.0 5773.0 5634.0 4885.0 4826.0
2 ramp 13 14 14 1.6 12 14 14 1.8
1 ramp 14 13 13 1.1 12 14 13 1.2

(b-a)/c

Note : (a) is in <Table 10>

Wrhs 24 WA Ee A8 AREE AWt E £0% 1,2, 3,4 A& T8 o]5S 3 *
2 H7 dueES AU <Table 13>014 A H} LA AE S AFEST) 110kphe! 299}
100kph?l 7397} vl HEl& EO%Z Ak THEE A RE daEs4rt 7P A ERuEE
dugF30] 7 A3 HEE WEFe LaySEs, 47} TYEA A AHAHAT AA e 2
7 2 AR Yt 3 ﬂéE FEA ARE ¢3S 7 7P A3 2R R E T v =T

dae|F27t 7P AA vebsth AA e daelE3e] 7P A ket AR g a8 AR §e
g F AR g daeE3el 7 o2 yehd dagE3s HA dagsos AAsdt.
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<Table 13> Algorithm evaluation results

speed limit(kph) 110 100

Evaluation indicators Effectiveness Efficiency Effectiveness Efficiency
algorithm 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
speed 9 6 | 11|16 | 7 9 | 13| 13|12 |5 |11|15)12]9 |13 9
traffic arrivals 8 8 |16 | 13|12 16| 10| 5 7 9 | 15| 14|10 | 14| 12 6
flow non departures | 12 | 8 | 16 | 16 | 12 | 16 | 10 | 5 9 9 |16 |16 | 11 | 16 | 10 5
total 29 | 22 | 43 | 45 | 31 | 41 | 33 | 23 | 28 |23 |42 |45 |33 39|35 20
safety 9 6 |11 | 16| 8 | 10| 13| 14| 8 7 | 14| 13710 7|15 12
total 38 | 28 | 54 | 61 | 39 | 51 | 46 | 37 | 36 | 30 | 56 | 58 | 43 | 46 | 50 | 32

effect + efficiency 77 | 79 | 100 | 98 79 | 76 | 106 | 90

Note : Scores are the sum of simulation runs by 6 random seed.

Hrle 24 HriA B 884 AEEE a9y 2 £0 2 |, 2, 3 S st o]58 Tk S
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<Table 14> operation speed evaluation results

speed limit(kph) 110 100
Evaluation indicators Effectiveness Efficiency Effectiveness Efficiency
operation speed(kph) 6090 | 7090 | 8090 | 6090 | 7090 | 8090 | 6090 | 7090 | 8090 | 6090 | 7090 | 8090
speed 4 8 12 12 8 5 6 8 10 11 9 4
Traffic arrivals 4 10 11 12 8 4 4 8 12 12 8 4
flow | non departures | 12 12 12 12 8 4 12 12 12 12 8 4
total 20 30 35 36 24 13 22 28 34 35 25 12
safety 4 8 12 8 11 6 4 9 11 8 11 5
total 24 38 47 44 35 19 26 37 45 43 36 17
effect + efficiency 68 73 66 69 73 62

Note : Scores are the sum of simulation runs by 6 random seed.
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HELYAE 7 WA ES) Bad ABEE I} 2 208 1,2, 3, 48E FHsle] o5 G

oA FA Yebgt) kAZHolM AT ZHS 110kpholl A& 600271 78 31 90027} /M ZA| Rk

w3t Bed AR #E T} F AKX g2 110kpholl A= 60027F 71 230 100kpholl A& 027} 7H8 =LA
UebgTh 18y HAEFARE 0xdA = 24 +941E WA 35U) 1483] ~1993] 2 - ol sbdatE
Al &Fol otk T3 H& FFARE ghgol F Aol7k glo] FaF £xE AL & F A webA
Ha RS she] HAgE AN AEs7|Hos 2YARteld S 1Este A=A}
TH = ME FA ARE RYNEEE] HAASER e TS Hh AR A 85t &9
sk 2] ] &4 SR AN mhgAsitial e,

<Table 15> minimum time evaluation results

speed limit(kph) 110 100
Evaluation indicators Effectiveness Efficiency Effectiveness Efficiency
algorithm 0 | 300|600 (900 | O |300|600 900 | O |300|600(900| O |300 | 600| 900
speed 1 2 4 3 4 3 2 1 1 2 4 3 4 3 2 1
Traffic arrivals 1 1 3 4 4 3 2 1 2 2 4 | 4 4 3 2 1
flow non departures 4 4 4 4 4 3 2 1 4 4 4 4 4 3 2 1
total 6 7 (11|11 | 12| 9 6 | 3 7 8§ (12| 11|12 9 6 3
safety 2 3 4 1 1 2 3 4 | 4| 2 1 3 1 2 3 4
total 8§ | 10| 15|12 13|11 | 9 7 (11|10 |13 | 14 [ 13 |11 | 9 7
effect + efficiency 21 | 21 |24 | 19 24 | 21 | 22 | 21
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