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Impact Analysis of Connected-Automated Driving Services on Urban Roads Using Micro-simulation
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ABSTRACT

The operational design domain (ODD) of autonomous vehicles needs to be expanded on highways
and urban roads in light of the substantial commercialization of Level 3 autonomous vehicles.
Therefore, this study developed a specific infrastructure autonomous vehicle-based cooperative driving
service to ensure the driving safety of autonomous vehicles on city roads. The traffic operation
efficiency, safety evaluation, and core evaluation indices for each service were selected and analyzed
to study the effect of each service. The result of the analysis confirmed that the traffic operation
efficiency and safety of autonomous vehicles were improved through the V2X communication-based
autonomous cooperative driving service. On the whole, the significance of this study is in deriving
the effect of the autonomous cooperative driving service based on V2X communication on urban
roads with interrupting traffic flow.

Key words : Cooperative Autonomous Driving, Cooperative Intelligent transport systems,
Simulation, Effect analysis
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1. RESFH MH|A T2t o7

Lim et al.(2017)> A&F A A8 s7HE A A {220 873 715 871 Al E]—‘?—
stom, A&7 ME 84 7]€d ADASY| 7lE 1A 2 AESFAATF AlEH o]l 7|8k
o hHA It FEs NEetdTh =8 AEs AuEle 2 JrigEe] A84S S f8
FI 2ol A Aa S Y8t

Szalay et al.(2020)= +&F b AlA 2 o] ARE w3Er] 93 AF AU LS AU AFe
Scil(Scenario-in-the-Loop) HES T3l S o, AEZM86 L&EER, Y71e] 9] Zalazone A FA)
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7 OAd EY AFo] FAlo AU AT A, 56 FAlo] 4G FAld HIE) As(EE, t71Aghol
s RISt o, 56 BAlS B A&FAFY] FE F, #AFY, o A WA, wAE kA
FYE A AR FH7E bsTEs EIET

Song et al.(2021)2 AH-&FPA 2H | A AEA, FRHFE A FEA NS 8l Azt FqY
Y ALFYA2E S A, A BEAFES 5 TREZFS HAFIIT LA T ALFYAF
of HH9 AZE FHs}I FHZZ AE2] FEE A Hdgshs Anla AUZle HAS5S

5ol Qxet gHY A7) Way
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Park et al(2015)2 A&FHAHF T W nwFF WHE E457] s 24 Aul2 FF(evel of
service, LOS)9| A& Wsle] mE A HEE, FNWAEE, BEE BA5HT 4 A3, LOS
AB 3o AT E9)o] wFFol FAHQ FFE VA= AR YEIH O U LOS C o9 &
FoAe AEFTPA =Yl wet ANHAEES} FNPAEETE FUbsa, HEe faete 38 &
H7F Y= Ao 7 EAEHAG

Kim et al.(2018) VISSIMS| AFFF gy AZHA RG-S &§ato] FAFI A dubate}l 2h-g-53)
2t oA FHEFAAY E9F EAsAT 52 FFAo(Dynamic Merge Control, DMC)& 3AH7t
o AFE AR HolHE 5 nEA4ES Adsty SHAFANE 245, BHLFA ARE A&

o
FzatelE VAR Agste &F W2lolth o] A&, AEAE VEoE FAT AR AT Aul~
RV)E AFAE A, AFsHA Fohs WrTh Aula 52 B-EolA ATt Tt THATHS
Rl

Alejandro et al.2019)= V2054lS 83 AL&FPAFe] HE FP& 93] Maneuver Coordination
Message(MCM) 8 21-& ekt thFst MCM A4 F2lo] V2X UEHN T A3 egdel vd & e 9
g2 =95ty =3, vAE nEAEYoE SUMOE &43le] 1452 SkmTiH2AR)S o=z 7
A}, AYEE A 2 AT o] oxX FAlS FegozN wE Y FE4S AT &

S FA3IAT
Kang et al.(2019)2 AETGAIZAIC A3 IEYUTLES tdoZ A&FPAke] TAZ MPRMarket
Penetration Rate)ol] W& ZZE¢ F31e] &8 &35 EA3}3 ) VISSIMS] Wiedemann 99 Model 3} Level 4
Fd AFste A&FAa e E JEstdon, =Y HE HUsb] 5t F3e] BAEAEE,
15, wEE 4 ds Jrt A2 At 24 A3, 2FFe ARl FFo] ST E A&}
BI7F 2 Ao AU, A&FPAFS] MPRO] 50%<20 el A 7| de] S/ 5 FAHA 4
Fol AE ASE YEyth ol F wEH F7h A&FAAt YRt A 1k A, AEFPAe] FHF
o 2%

A 9 BRI 4F SOB s Bael E FoE wAsel R Av} £EHAT 28
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Jeong et al.(2021)2 A-&FY A}l 7| EH o2 &A= = ADASEH Y] AlF7t A = =l
2 FH8 1 CITSSAV2)olA REBAMNE E Aaste 2AHFA ALFH3 ZHE AR AS A
a9tk VISSIMS 538 737448 T2oA BlALaL a =
A-gFYae] HAEMAS Tl HAL RFERT AL
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Ko et al.2021)= 1ETZ SRAIC~YAIC S oz 28 Y EY FoA IDM(Intelligent
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Wiedemann 749} IDM< 2835101, A-&F32to] =910 we} o E= 371 9% o, TN g4

o A Ut Sle AleR BHEUT
¥ A7 V2XE 9 dzShe ALFYA 3k Aul 2] ThsA e Hlste e, O a3E A
A=l

Fohe ATE BAY Ao FANNT geh B ATE 712 ABUOIHNS B4R ALFINE BA
@ A7 Fustel SUEE WelA VaxE B Az A&FAR 2kel quls 59E ATt o)
£ oA 712 75T AL Ad,
. 4+ 3ye
1. A8 Cjax| o3
B AT ALRAFY Aulze) B3 BAS 9T ddAE A ASE FreTUR 12km T2
2 ATk AR T2 <R >3 2o, g 7] A2k 44 e-sAmE FAHC 91, wA

2304, YA e Uls, H2ARE 674 5o T Atk B <Fig 2> T 7 AlE
goldoz 7 REgolnh

/% AR 2 AN . b
<Fig. 1> Test-bed <Fig. 2> Implementation of Service for Micro-simulation
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2. Xtz £
B d7e T ALFEFY ARAE o R mAnEAEY ol 2E]l VISSIMS 53 AlEd el
718k E397HE FstH, AlEHold UESY A F55 98l A7I= A MéEs TS TYE 7
2km)y= tHAOE 7etTZE, WEH, wFAsAdel BR T8 FHAT AHls aFHTF e 24
Hel|g) L HEHH T ofulE o WX} Z(Intersection 1), T =EAWME 12} o} E & W 2}E (Intersection 2), T
W B 63} olgE & walZ(Intersection 3)S XS5 o, o] /) waR wEH U wFEATA
o) Jug ofehsl o] sk
<Table 1> Traffic volume status
Traffic volume (veh/h)
Intersection Time Total | Passenger . Cargo | Two-wheeled
; Van Taxi Bus . .
vehicle vehicle vehicle
11:00~11:30 135 94 15 4 3 17 2
13:00~13:30 120 93 12 3 - 10 2
Intersection 1
14:00~14:30 127 91 21 2 - 10 3
15:00~15:30 145 104 23 2 1 11
11:00~11:30 126 99 12 1 1 13 -
13:00~13:30 95 78 10 - - 5 2
Intersection 2
14:00~14:30 116 87 15 2 - 12 -
15:00~15:30 126 94 16 3 - 13 -
11:00~11:30 117 86 8 1 - 21 1
13:00~13:30 149 120 14 2 2 10 1
Intersection 3
14:00~14:30 152 114 16 4 1 16 1
15:00~15:30 156 112 17 3 1 20 3
<Table 2> Traffic signal status
Contents PHASE1 PHASE2 PHASE3 PHASE4 PHASES PHASE6
1 ‘ ‘? | I D — - 3:2"1_EG_I_
Intersection 1 i i | e eet” PR . |
71(4) 21(4) 22(4) 10(4) 26(4)
PELILIN N + + +
I : 28m i i 30m l
Intersection 2 | —— — | ———— - I e | | e
21m 2G1 v v v ¥
26(4) 34(4) 16(4) 31(4) 14) 38(4)
le aG1
''''''''''''''' > + + + +
1 | —
Intersection 3 _ | i i |
“Ttm, 261 ¥ M M
314) 54(4) 11(4) 16(4) 14(4) 20(4)
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M= AN &S FreTdE B ALFHFY Avlz aapgrts 9 vA L FAEE
2l PTV VISSIM &ZEo]S 2838t 5 I3 o] 37) watz i Algdeld Ve
THFH AR T AEdeldel Had HEE sttt AEdeld VESAY F 4
G2 G2 7= o 2kmolH, T VIES o= 3709 w2} 17]e] FHHET} 2o
Mg P APARIE ol8ste] Al =2 Z]strE @Al 7|We VISSIM HESAE 753 2
3, B <Fig. 3>3 2ol AlEHold WEYIE FFT Az L oA AR 13 2¢ ¢F
500m, wAFZ 29F 32 oF 400mo|H A =TI ARE 4 6-82E20|Th
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B
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<Fig. 3> VISSIM Network
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4. A2k FEHSHEY T
1) X2FUAt TS 2 S
B AT7E ASFETY Ml 53 B4 98] AlEE oA A&t T 2 FHo
Fastth ATt FPPY ZE FAES 3 B AFAE AFFFRIHESTE Ao 2H)<
IDM(Intelligent Driver Model) 28-S &3l th IDMS $dE 2849 PFe ZAEE HHe-S 533
FF BAEA, AR 7HE e 76k jbAAR 1A 7% Fdol 7Hedth(Ko et al., 2021). IDM 2}
e TS S ATF] e 24 o 2(1)F Zth(Treiber and Kesting, 2013).
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d_U:a[l_(i)(;_(s*(v,Av) ), s*(v,Av) =5, +max[0,v T+ vau ]

dt v, s 2V ab
A7A, v Al £

a: AW 7HEE

v A F&

o 7VEEAF AAEE 24 Al #el 25 =4 25

s*: A7 &3 (dynamical) €]

Av: Ao A& s

sy0 Ha A

T: AA AFARE

b Hof F<&EE

AeFae] AW 22 AN A =
OS2 Ko et al. 0214 AT ALFH2 AT FHYHE I M gES FESA £
A 283 IDM 7Ike] e Ao WMok e Alo] Mg the <Table 3>9F 2om, o] ©FS
Aol AeFAte] A FFAA AL vnE T AT HoA, B AFolA A Fa
W #he sl A&kt

<Table 3> Self-driving car parameters

Parameter Value
Maximum acceleration a 1.4m/s*
Maximum deceleration b 2.0m/s>
Longitudinal control Desired speed v, 50kph
(IDM) Acceleration exponent & 4
Minimum gap s, 2m
Desired time headway T 0.6s
Waiting time before diffusion 30s
Min. headway 0.3m
Lateral control Safety distance reduction factor 0.6
Maximum deceleration for cooperative braking 3m/s’

N
o
-
ofN
td
ol
=2
rir
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(FreeDriving), " T-(Approaching), 5 (Following), H.#| ©] Z(Braking)2] 47}A]
e getrlgo] Zdtete] 2] 21U-S 493l Wiedemann E¥-& AM83F3 9IT} Wiedemann E3
S gutd o g 8 35 EAd ugt 1EEZ 22 A&Fol= Wiedemann 995 ARESFR, Alsw
% = Welske AsE, AALE T A" A o Mg HAE WHESHE GERFol
+ Wiedemann 745 AM8-$HC} (Byun et al., 2020)

webs, £ AT AEFYPE A QA3 dukatFe] FPPH = TEF 1ol A e Wiedemann 74
23S 383901, Wiedemann 74 &9 uj7fHSs 7] RS o] &334
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<Table 4> Driving behavior parameters for normal vehicle

Parameter
Value for normal vehicle
Model name Parameter
Average Standstill Distance(m) 2.0m
Wiedemann 74
¢ ;0 o Additive Part of Safety Distance(m) 2.0m
Multiplic Part of Safety Distance(m) 3.0m

5. AIZ2d0jd A3 A ALz B

AlEgeld H7ke 27] th7]AIZK(warm-up time) 900% ©]F 1,800% F<¢+ FHHUoH, AlEH oA Ho]
B9 =8 WEE on|dl= simulation resolutione 0.1%E AASHATE 7719 A&HEF3Y A EFolde %
ALl LOS C 7129 nEdFe 4839, A& 2] A 1] & (market penetratio rate)= 0%l 41 100%7F

2 20% T9IE FEIt] AEH oA ERFIHE YT

=
=
=0
QLY

<Table 5> Other evaluation scenarios

Type Content

Traffic
(Level of service)

LOS C

. MPR 0% (autonomous vehicle 0%, normal vehicle 100%)
. MPR 20% (autonomous vehicle20%, normal vehicle80%)
. MPR 40% (autonomous vehicle40%, normal vehicle60%)
. MPR 60% (autonomous vehicle60%, normal vehicle40%)
. MPR 80% (autonomous vehicle80%, normal vehicle20%)
. MPR 100% (autonomous vehicle100%, normal vehicle0%)

MPR
(Market penetration rate)

AN N AW =

ZF AU 2 AEY oA a3 9 Adgk £ ¢# 7]4H VISSIM Com interface & A3 3
FHERoH, A& 53] FFL I AAZS Hst FESGT =3, AEE oA a9Hrt=
ZF A~ g3 B9 E urdste] oF 200m~500m B AR F2E P37 do|E y|Fo 2 HASYT
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A Aolake A2z AT SBAY, DelniE A Aulazh ol
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2) MH|Ag H7} x|
A-EHE T A4
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2 o] <Table 6> #Zo] WETF TAEA, 1E HHA AXE 7RO R 31, <Table 7> o] 7} Ajn|2~H

T8 WIHARE F7l8t 44

=M
/\l:_
—_— 1

<Table 6> Common measure of effectiveness

Type Effectiveness assessment index Note

Average delay

Average speed
Traffic operation efficiency Sg pee Vissim’s own output value
tops

Travel Time

Speed deviation
Traffic safety Contl VISSIM COM Interface
onflicts

<Table 7> Key evaluation indicators for each service

Service Key evaluation indicators
Cooperative Perception-blind spot Conflicts between vehicles and pedestrians
Dilemma zone Safety Crossing Number of conflicts near intersection
Right turn safety driving Number of conflicts with the right-turning vehicles
Emergency vehicle priority Average travel time and speed of emergency vehicle

1. 12V MH|A g3} 24 ZHat

1) ARZIX|cH 28x|2l MelA

AZAT) SBAY ABlze] RELY BEY A BHE AANZ, S5, BAAF, FYAGS TN
HASAT AP ARH g0l Bold5E Aol BAHGT gasha, ADATro] G

=
a
R
.

=
A% Btk wY, A Swr} Z/45, FAA] Fashs AL Bt
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<Table 8> Results of Cooperative Perception-blind spot

M Before After
easure
MPR 0% | MPR 20% | MPR 40% | MPR 60% | MPR 80% | MPR 100%
326 293 2538 254 247
Delay 366 (42.4) (48.1) (-54.4) (-55.2) (-56.4)
9.7 10.6 11.6 116 119
Speed(km/h 6.1
Traffic operation pes ) (58.6 (72.1) (882) (89.0) 93.9)
efficiency 22 1.6 1.7 1.8 L5
Stops 6.0
62.7) (73.3) (71.5) (-70.9) (-74.3)
. 40.42 3725 34.06 3391 33.05
Travel Time 6409 (-36.9) (41.9) (46.9) (47.1) (48.4)
. 0.46 115 1.96 143 138
, Speed deviation 262 (-82.4) (-56.1) (252) (45.4) (47.3)
Traffic safety 150.0 100.0 99.0 94.0 84.0
- 109, . . . . .
Contlicts 090 (37.6) (83) (92) (-13.8) (-22.9)
Core measure of Conflicts between 520 10.0 6.0 6.0 0.0 0.0
effectiveness vehicles and pedestrians ’ (-80.8) (-88.5) (-88.5) (-100.0) (-100.0)
2) E2fotE oFMFTS MH|A
dyulE A Au|2e 3FY E8A AR BHE AAANT, &5, AABE, FPALES 53
£2 WM. AFAA) ARUGEo] ol U5 Ae] XA Bashi, AQAT] Thas)
= A%E Bt T3 Ao 571 Sk, BATe] TAste AEE Bt
<Table 9> Result of Dilemma zone Safety Crossing
Before After
Measure
MPR 0% | MPR 20% | MPR 40% | MPR 60% | MPR 80% | MPR 100%
96.7 79.7 739 64.6 61.6
Delay 127.6 (24.2) (:37.5) (42.0) (49.3) 51.7)
6.6 7.8 8.3 9.3 9.6
Speed(km/h 52
Traffic operation poe ) 27.9) (50.8) (59.8) (79.5) (86.5)
efficiency 34 3.0 2.5 2.1 1.9
Stops 4.4
(212) (31.3) (42.8) (-52.6) (-55.7)
. 1107 93.9 88.6 788 759
Travel Time 1416 (21.8) (-33.7) (37.4) (44.3) (46.4)
19 1.0 0.6 0.4 02
Traffic saf fati 1
raffic safety Speed deviation 3 (38.6) (675) (80.0) 87.1) (933)
Core measure of | Number of conflcts near | o0 32510 3498.0 34320 3186.0 2894.0
effectiveness intersection ’ (-4.3) (3.0) (1.1) (-6.2) (-14.8)
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A AE FAL AL AF3 T, &5 WAE AHHER AAstY A3t o] F A4 2
e AR FA LAt FF 3ol

AFE 2 £5 WA MPRO] VM8 4E Tadhe A4S BYon, A SR EE A2 §2 4%
314 MPR 40~ 60% T-tlAE 2318 450l S71stATH7F MPR 80% 5Bl = 430l H4ste A B
Ut
2. V2V MH|A &1} 2M A1}

1) 23X HHX|A™E M3 MH[A

37 AL AR AF Muln] wFLY B84 AR B AAAZ, &5, FIANS aHHE
2 AAEth MPR 20%Y W A AATEe] E7etou 1 o]F 2= Hal 7H4Aste] MPR 80%<) TRHELE
= UF 24t £55 o]} np/EAE MPR 20%Y Wl 3|8 ZAHA|TH 11 o] FRE = HAF Flsh]
MPR 80%< ©} 38.1km/hE 7} W2 &£=Z HlT)

A AE FAL AL AF3, &5 WAE AHHER AAStY WY3it) o] F Al 2
Ao g W22 B A s 53t A3, £33 A 2ke] %314 = MPR 100%°14 100%
AasR o, e AHlasde OE2A A 3 AE3aTE SUhska, Ak 2 £ 5 HA7F MPR 40% T
ZF o] F5E MPRo| S71EE FTlete AES BATh ol wARE 799 934 AEs o ® 1t
& AH7} Ao e, 3 A7 ARl e 2SS el b A = (Surrogate safety measure)©]
E4 Held g A AEE WA Ha 1UiEo] BAEY S5 Akl AF REA F7F At Sl
+ Zo& stk

<Table 10> Results of Right turn safety driving

Before After
Measure
MPR 0% | MPR 20% | MPR 40% | MPR 60% | MPR 80% | MPR 100%
15 1.4 1.4 11 10
Delay 14 5.0) (2.6) (4.9) (27.9) (-30.9)
Traffic operation Speed 46 34.0 34.7 350 38.1 379
efficiency (kn/h) : (-16) 0.4) (1.3) (103) 9.6)
. 44 43 43 39 4
Travel Time 43 (1.6) (-0.5) (-13) (-93) (-8.8)
» 262 272 282 315 316
Speed deviation 26.5 €12) 2.6) 64) (19.0) (19.1)
Traffic: safety 261.0 248.0 304.0 266 251
Conflicts 2080 (25.4) (19.2) 46.1) 27.8) (20.6)
Core measure of Nmﬁsfhfﬁi with 140 10.0 10.0 6.0 50 0
effoctiveness guuming : (28.5) (:285) (-57.1) (64.2) (-100.0)
vehicles
2) ZISAE THE= S M|~
AFAT FARE G0 s AFAD) T8 AT JuaT AFANT BAE Fus] 9
St B2 4 ERHTE IFGAFS HE5PEE TPAE AASA. o] Yol BF+Y &
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DA RSAE0lM 7|8t =HEE NEHHFTY MH|L 50t =4

A ARE O Aulzg o] AAAZ), S5, BPANL EFATE AT

DFAF W7 FHEE FYAS B MPRO| Z71842 SYAZS 18.1% 743, FPEE
= 220% Z7Vtgnh TS ARt AR GFE0] Zold4E A AA 7 o] A, A £EE =
TVeba, ERAZte] Zasts A Bl

oHAA AE AL AU AFES, £ WS ERHEE At YR A 7 S5 A=
MPRO| 0Y ) B} A& 2ol fE QS W7} =01, MPR 40% TRtolA 7b ok ol F¥l A&
FAFS0) NFAFL s A2E WAL, NFALY FY£Tr} ZU18l] fRe) £ BAS} 27}
Sk deetglth A4 7 A4FS MPRO| F7HEE Jah 7hAaEH, MPR 100% Yo, 43.4% 7T

<Table 11> Results of Emergency vehicle priority

Before After
Measure
MPR 0% | MPR 20% | MPR 40% | MPR 60% | MPR 80% | MPR 100%

256 25.0 23 205 203
Delay 237 (0.4) (2.5) (-13.0) (20.2) (21.0)

Traffic operation Speed 275 28.0 27.6 29.0 29.9 304
efficiency (k/h) : (1.9) 0.6) G.7) 8.8) (10.8)

. 54.4 525 50.0 485 477

Travel Time 41 ©0.6) (2.8) 15) (-102) “11.7)

» 200 27 19.8 19.5 202

Speed deviation 18.7 12) 215) ©1) @5) 82)

Traffic: safety 255.0 237.0 231.0 154.0 150.0
Conflicts 2650 3.7) (-10.5) (-12.8) (41.8) (43.4)

Average travel time of 303 27.0 27.0 26.2 26.1 24.8

Core measure of emergency vehicle ’ (-10.8) (-10.8) (-13.5) (-13.8) (-18.1)
effectiveness Average speed of 183 542 54.2 55.8 56.1 59.0
emergency vehicle ’ (12.2) (12.1) (15.5) (16.2) (22.0)

V.32 &

B MPR 100% (A5 213 100%)
g, el Aol 9 F9E 99 ARE AZE A9 wELY BEAel A
= 27}, AA IS 743% 740 A2 Btk DY nkE AT A

= M
Bl
o o
ol
ok

= > o
&

N

=

A = 87% —o—7h éZliﬂfr 56% A9 IS BTk
T3 7t AR E dA ERAEE V|E0 R A BA, A 3 AT AFE Aske, V2 ARl
& B3l A&FPArFe] bxdo] FFEE GRISHATE A 1hol b TS 98 vavEAlS Bl i
A @Eg AT A= ﬂ%%% '&A0] Z7IEHAE 3 SRR YAR AF Mu| oA=&
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oAl R EAIERold 7|Hh TAEE ASHHFH MulA 0t Y
210% 7o) T37} ¢ FASIATE T, 980 AU AR A2l AE A S8 Ak A
Zre] AFAFE 100% AESAAT, A% 1 AFI57E ZNAh o)t Aulze] o] mAE o
3 AT A7 A 2] 4F S B2AIEE QAAHRe olF ZaAA17] 8 AR AFTY A
WA ARo HSHEA AZE FFo] WAT Zoz AZHT
AEASlE BHS Fa VaxX FA ke ALBEFY Aulso] ERE FAsAT 42T A%
Hrgol 40% PR WS A sg v Qom, AA5E DELYLLAT el B AP B9

£43) 44
Fo| AR F7bel B ARAE Mgl § 7] wRo
A= BEH ALFLFY AN2E ATIE Aol O BEHolgT BuEY,
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W} gre] AHlz B3 BA e

QL
32
v

A
ot
s
<
>
=)
[>
=2
>
N
Mo
N
0%
_);1_:’
T

A ES AAE T 2ot Aok =3 A" THES 28] Aed
gy Muad FHAYSES YT aFH = ZATY Mz Z3E SAHAGEHE 27t St o]
g B & ATelA AA BHES AHlx a3 B4 ATt 5 AEdEFY Mz A4S 7o) vt
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ol 2 AFoA AAG AEFEFTY Anl G 4 HEY a9t AEAS Aty 9
Me o 22 5 A7 88 Zo g Btk AA, AlEH A Yol 73dg A&Faate] TPy H)
mdo] AZAE Eol7] Hall AA AsFHAte] FHA AU olE g Rl E 53 AlEH O FHAHY =
4 W e A4 @ AFol dasith 24, B AFdA AA AEFAA o)L FH JdWAtFEFE9
Y= aggressive driver, gentle driver 502 THF3l5te] Ao A thofdl SAAES FAYPHYS B
Abste] whge vt Stk ol & Tl Al EEO| ot LA HE SHolA o AEFETH An| 2o i
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