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Abstract : This study proposed a lane change algorithm for a single lane change of an autonomous vehicle. The trajectory of
the turning reference during lane change was defined using a hyperbolic tangent (Tan-sigmoid) function, and various turning
conditions were formulated by varying the curvature control coefficient k. The ego vehicle was designed to track the
corresponding reference trajectory under each condition by applying a preview steering control method, and the entire
algorithm was implemented in a MATLAB/Simulink simulation environment. The proposed algorithm was tested under
straight and gently curved roads with constant curvature by varying the value of k, and the steering and dynamic response
characteristics of the vehicle, such as yaw rate and lateral acceleration, were analyzed. As a result, various lane change
scenarios can be generated by adjusting only a single variable k, offering the advantages of simpler implementation and
greater flexibility than conventional complex algorithms. In the future, obstacle recognition and sensor-based decision-
making functions will be added, and the effectiveness of the proposed algorithm will be verified through hardware-
in-the-loop simulation (HILS).
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Nomenclature

V.,  :longitudinal velocity, m/s
m : mass of the ego vehicle, kg v, : lateral velocity, m/s
g : gravitational acceleration, m /s> a, : longitudinal acceleration, m /s>
h : height of vehicle center of gravity, m a, : lateral acceleration, m/s?
v, : tire velocity, m/s F, : longitudinal force, N
A : slip ratio F, : lateral force, N
a : slip angle, ° 0 : steering angle of the front left wheel, rad
F, : normal force, N 0y, : steering angle of the front right wheel, rad
P : yaw angle, rad T, : distance between the left and right front wheels, m
P : yaw rate, rad/s T, : distance between the left and right rear wheels, m
P : yaw acceleration, rad/ 52 L, : distance from the CG to the front axle, m
I, : yaw moment of inertia, kg - m? L, : distance from the CG to the rear axle, m
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M : yaw moment, N + m
V,,eq0 - global lateral velocity of ego vehicle, m /s
C,, :longitudinal coefficient of tire, -
C,y lateral coefficient of tire, -
k : friction adjustment coefficient -
E, : engine torque, N - m
C, : lateral velocity gain, -
K, : lateral position gain, -
K, : yaw angle gain, -
K : yaw rate gain, -
B : weighting coefficient, -
m : coefficient of static friction, -
1.2

AgFal 7)4e) ] el A% T A 0
7 Ak o AHEF A 2Re] 94 4 Saw Al
AL glek 58] 318 T3 3 2D e A WA
g e Aepe] b Ast A7) B, 0% A

ek 5 Alo] Lare]F= gl kel 24 M7 (Single lane
change) A3}l t]-3-517] 98 A7} Aotw Q).
712 A Te AAT = 8l 71Nk oS EE(AD, 40
2 o= Aloj(Model predictive control)* 12 12] 11
AES/AEB & Ao WpA]68134) = o 7 1) &4

719k 6= RE(ADE, LSTM 17532 283 213 o=
E'_Eil,” A= 7}3) sk o];susL &k oAt 4) gy A=
2 35 A4

!
6 7 0] B FE 2 Aol s i
o 2)

= A8 39 = A7 24T FE]
= o:]:rL’3) &5 #.e3 3l x]]o] }jg‘t’S) A=
A A1 &) (Replanning) #14 F& A" 54 “4Z(Cut-in,
Cut-out)e] ACC AEPE 02 A o] =2 o] 4
Lol Aok 231 Ao A3-& 7HIth AES/AEB Ao
AT Steer-by-wire 23k A|019 715 3)v] 23 L]
=7 AES % AEBQ| &3 A& #4] A9 DLC(Double
lane change) AES &8 -+, Cut-out A|L}2] 2. AES 3
7P ZREZ AFGo] A ey sl e
ATES A =F 2o B3 AAE ST
T HAE 7HRA AL Tk Al B9 wHE sk 2 3
tlolE ol i3t =& oA o7 Qlal], AAIZF Fehol] 9l
o] sHA| 7} EA) 8} MPC 714k Ao 7] = A 8 EA|2
HHEA o 72 s dsfof ab, AloF o] B ds=
Aol T7rehs @A & Ad ) 23, AES/AEB E S
Alo] F-22= 5 &3l A vhe] AlA] =€) Ao |
Fol WE = Ay ojof st 2, F= 3|3 vk 22 o]

Lol ol ofn

N
Y
2
L
of
;

R
¢

r
ﬂll

1056 st=atE238ts =232 A33A A23, 2025

= - ddio|

ol
bt

o L
[«
o
N
o
L)
%

R dpoas A ATl s
3l Tan-sigmoid 3E 2|-8-3+ 2} W7 ]
Sit). a9 sre] W4 ko] Ao uhe} 2t
A =E WEY) ALE 2-E - glon o2
A7 g e A4 A 2

A ko FJ—Z—Oﬂ Hla o] Fhetst
L 7HzI) A 2P H

}Xgaai FYG 5 =

e
o o

> o
_O‘L

e
rlo
N
i

do
e
ox
o
45 L
2
i
i
r 1r
o 0>4

o [ ol oft 2 X [ g

Preview steering control 7]
o] g &4 X WA
dare]Fe HSS flal A 5
shlom, Byl A= AF(Path planning) X
sigmoid <=0l Aole 7|5 A4 2] Yaw angle(v)), Yaw
rate(y), B 1A 2 £EE Atete] 230 BE
of gttt o]& v o= Ao} 7|(Controller) _‘?_%8_
3 2} (Ego Vehicle)©] 7] #12S et A o7
S 29 % T Ao RE AR, B el 7
S
i

Tan-

e Thest 2k 24 3
3} Preview steering control A|o] 7wk oF w7 =&z}
(Steerlng angle) 998 218 AAET) 3-8 v b
W 7d(Single lane change) & 312]52] Alo] £ tloloj 1
Wk 2 9 A w20 J1E AL Gelwek 438
FololdE Fall @ A M7 (Single lane change)
dne]Fo oS AF3 %D} 5L AT A9 Ay st
&

2. 2 Y8 29 9 23 715 Ao Y
Aol A= Al WA S 9e Apg Belle] 4] 1) of
o w2 23 9 7 Ao] 1ol ol chEn), Fig 12
i Aol A AFE-E 32 S(DOF) Ah#F RS veRdl
ot A8 A 5938 2dE o]8-3F Hardware-In-the-
Loop Simulation(HILS) A| =812 -5 2 £-8-of 9lo] &
o g3} Algko] R FECh olo] 2 Aol 244 )
el 2 F 598 RS &85 oo, AjH o=
Aulge] HILS B2 TS ol & T WA AT
o 85314} gk

T AV R VEEEAE S L RIFE L,
o] Efolofoll A BAEE ofv} EHERNE AlLke v, 2}
Fo] 518 A2 vt ol AejH.

a, = ! (Frf/+F +E, F, )YV, (1)

a,= m(Fyﬁ-l-F +E, +E, )0V, ()



Ty
£¢
ot ] 2
- -A A
W\ L
o o !
y.--()_ '_____.x
"
L,
Fyrr
ML v
< - >
Fxlr Fxrr
Fig. 1 Vehicle model
. 1
O=7 M+ M, +M +M,) ©)

4 (1)~ @l B8 3 AEe] Wad &y 2 suz
ARLE S, 2 7, *
&3} o] HolHnt,

V. —ﬂxw
Vin=1v T 2 Vi
L | Lf><qp ]

Y

T ] [T

_| Vel |- _% —-X

V= [T 2 V.= 1+] 2 )
Y=L

A @~ TEEFEE 1, AUF SV, Yaw rate
wi TARE A7 T, 7,2 A T2 iTa ER

- Efeloje] Ao, L, 1 & WAF vz TA7A <] A
glojtt. 7} Efo]of o] &3] A = 2] (4) ~ (5)°l A ALt
Efolo] P AF L5 o] gato] tha} 3to] A eojerh

2] (6)Q AE L:flf, 5 i=n, ol tSo R &Y
ZF al AE Z3a £50 v AoH, AE &9
& gt ot
v
— /11
ap=06,—tan I(VPU) %)
pflx

V ey’
. —5f,»—tan(1)(%) ®)

V l,
a,,=—tan (=) 9
rl V;)rl@ ( )
Vv
_ 1 preyy
a, tan~'( v ) 10)

AF D FEo) WAk volo] Y& A& 9
45152 vheat ol Aol

"

1 Lmg hma,

Fn.f/= Lf+Lr( 5 3 —Trhmay) (11)
F, , = Lfi 7 ( L”;ng h”;a + T.hma,) (12)
F, = Lfi I Lf;ng ]m;a + T/hma,) (14)

A (15)8] pi= AH v Al 2wt A (16)2 vt
Z- 1A Aol aAIgke] 29 A R vg 2
o] Al gkghrt.

(1=X\)uF,

n,t

2,/C2 N2+ C2 tan’(a,)

vy

¢ :fl7fr"7)l7rr‘ (15)

k= {(2—0)0, if o< 17 i = fof (16)

1, otherwise

2] (6) ~ (10) 18] 3L 4] (16)S o] &3lo] AF 2 $HE}
oolol] ZHg-1= 5 - B 2)-& TRea) o] YolHch,

er ° >\7 .

F = B ki, i=fif.mm, (17)
C,, * tana, ]

£ :ﬁ ki, i=f.fomr, (18)

K

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 12 2025 1057



Sugeun Kim * Daeyi Jung

2 (17) ~ (18)& Efolof o] Z - Fwiaf 744 741T cm, c,
cE)a 4ﬂiﬂﬂ ol ola) At d

s 5}0101
of 2Zh-g-sh= 2 AF = ](17)~(18)E o]-g-3o]
o537} o] Zé/]%r/}.
F, 4| [cos(d,) —sin(6,)] [F, 4
[Fy‘ﬂ}_ [sin(éﬂ) cos(d,) } [Fy,ﬂ] (19)
F, ;] [cos(s,) —sin(6,)| [F, .
[Fy,;}_ Lin(&i) cos(éff) ] [E/;] (20)

4 (17)~ 02 ol §ake] A% L FHe) BUEE T
3} o] el gk,

T
_ ’
Mp=F, ;- Li=F -~ @D
7
_ 7
My =F ;- LitF, - = 22)
7,
My=—F, - L—F, - 23)
TI‘
M, ==F,, -L+F,, - 24)

21 (25)F 5 Alo) A& YERHTE 73 2k (Ego vehicle)
o W &= 1R BE £= 1, I At 7
A5 K= wote] Arkent = Ky, 7E SHARES
Z kA FEF AgETh

_](;( I/T - Vtarqﬁf,)7 if E;‘ < ‘E;f,limit
B = { E, imir» Otherwise (25)
T e ol HeE e Al U AW 25 WA o
231 o] el
2 .
w;= L_] E_FI‘L . R_CUJ’-, PG _fl7f'r7rl77"r (26)

J= 313 W, RS ERolo] RHAY, F, = 7t Blolole] &

W3F S YERATE 5 A (19) ~ (20) 52 2 (17) ~
T3 3ol H8H) o= A AT

L5 Yebdth 1A

P
Preview steermg control A|] 7|Qke] <k w7 z=gkA|o]z}

1058 st=atE2k38ts =232 A3z A2s, 2025

(Steering control angle)2 T2} 7+o] o E T}

I/;/,e go yrfi f

SWerTcm [C [(;9 K(')} yfif/O - y7‘€f (27)
wrgo - /w'r(zf
wezgo - d)r‘ef
N, Yego ™ Yire
SWF;n'ewﬁew = ZL I= 15 . []('/[(9} ’ [weZo - wi 7:;] (28)
SWF= SWF’currcnt + SW‘Fpr(’zzcw (29)

2w ol gk 3 4}
Fat 1A 2 ke o xbE &8k y = Ao A S
LHERATE 047]7\1 i 5w Ao, A Y Rx
BH =1, -, Noll tisl 7453 Al g7 A 8Hr) 4
9= A (27) ~ 28)= Frtsto] <k miH HF =32
(Steering angle)©] A} Fig. 2= A<} v =29
P 9 a7t o kS A3k Aol e 7R <F

A9 23 0 A9 739 JREE Fv,

2 @27) ~ (28)= #7# R
o

o[o

=

2 A= A SRIE S5 o] 85 A4 W
&F312]ZE(Single lane change)oll tiall t}&Et}. Fig. 3
MATLAB/Simulink 7|90 =2 &% ol xpd WA

aE)Fe] AA| T35 YEPATE o 7] 4] Path planning &
w2 71 AA el F - 8 A AR, Yaw angle(y)),
Yaw rate(y))E A/d ). Controller =52 A H 7|5
A A o w, 4] ol Aol 2 e A
25)& 7N s Y B A AbEE 8l |
22 2peF o] HdE o] Abeko] Abeli(Vehicle state)E
74A18HH | o] 712 Controller HE52] 2= A|of gLo &
L8k A= B E S E o] §sto] v 2P W
7 71 WSl 913 0 W 2t Thga o] Aeja



A Study on Efficient Lane Change Algorithm for Autonomous Vehicles Using the Hyperbolic Tangent Function

Controller 3DOF vehicle model Path Planning
Input Input
= Vehicle state : Input
» " Steering wheel front(SWF) p
: ; . 9 = Vehicle state
> " Xrer Yeer Yrer Yrer Wrer * Engine torque(E,) e -
Output Output Output

= Steering wheel front(SWF) &— .

‘ = Engine torque(E;)

Vehicle state

ref Yref 1»I)ref Yref 1pref

Fig. 3 Control block diagram of single lane change

% 9w,
Xepsio= V- time (30)
2
Yirspo=A4- W €1))
1 2—H

Y=g =) (32)
X, =V-time +X, 33)

1 dyre/'.SLC‘
Pyep.s.0 = mod(tan” (T)’ 2m) 34

ref,SLC

[} [
Lot AIZEe] o FAET vhA 2] 31)2 A
Ok ek ’dS YERATE 4= Al
£ 2-s= Algolt) 4
, 24 A4 (y=0)
s e ddss 28 A
= HE 0.001 2 AA3sHA T}
Frel 4994 x & UER
Zl‘(time yel =9 gkl
Els et F2E 727 k
o2 3] HlA e o] X;‘% frastA =de -+
NS omit) 2] (34) Al o) WwakztS olu| sk,
21 (30) ~ 3ol A 7ol 91X] At o] w3t
T2 A gslo] AAkelaL, 0 ~ 2B 9 = ATkt Fig 4
2] (32) ~ (33) & AlZtslet A=, 4] 21X1(X,=220 m)
7o 2 o] g3 dolE vebdth Al 77
0.08% A TE Fig. 55 A G104 Bold 4=
HHE $ho] 7]E7] kst e 3] Ve A4S
A7t o= UEld Ayfelth Fig. 62 4] (30) ~ 31)2]
A g 7o 2 7187 ki slol| whE =7k 7187
N 2}3}k Atolt). Figs. 4 ~ 6 v+ W= k7}

jani
fu
=y
oX
i,
v
L ot (m
2 o
-
=2
o X
Ir
T o

.
o,

ﬂm
oz

tan ! ?‘53]'

rlr ol

F

— = 0.08

0 L L L L
170 180 190 200 210 220 230 240 2
m

Fig. 4 Tangent sigmoid trajectory with symmetric X, and
centered at X

T T
= 0.08
| m— fc = 0.10
k=012

0 L T L L L L L
170 180 190 200 210 220 230 240 250 260
X(m)

Fig. 5 Reference trajectories with different k values

T T
m— jc = 0.08
[k = 0.10
0161 k=012

n . .
300 w00 500 £ 700 a0 00 000
X(m)

Fig. 6 Instantaneous slope profiles for different & value

Z7bgel whet A= o) FE} 7187 Wskere] AX
AL FAFGE. o= WA FBS FAH o 24
Sl v oleld T a4 AR e
Bhe 71 A9} e, vepet A WA ALt
©8 AgT 5 g nelFETh @9, 4 65 FA

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No.12 2025 1059



[)(rc fSL C}
)/rc fSLC.

Vrepisno = mod(tanfl(

21 (36)& A1 (30) ~ (31), 35)F °l&3te] A 3]
b A (7)Aol g
o]u] 3t} Table 1S A HNERE S} R =R 924

EEEE

mlo

B o
}\é_"e

ol

—sin (
cos 1/;

dy,, f.SLC
d)(wf,SL(,'.

24

(33)

(Single lane change) 715
=2

3} 7+o] Aol w ).
Sl o
, 2m) 37)

A

23 )2k ek Role, R 214 WAL oJv)

X

T

ref = A,

a2 A4 ee

e f,road + ‘X;cleL(’

Xff Xfr()ad +‘X;€f9L('

djrcf = ¢rcf,road + djrcf,SLC

p

==
- T

Table 1 Reference road for straight and curved roads

W@ A7} Agshe

= - ddio|

2] (38) ~ (40) =2 7] A T xHd $17(Single
lane change) 715+ #1415 &4bete] 53 2FH(Ego vehicle)
o FEeE HE /1% A4S e

4. © 2Hd HEY AlZ2old Hat

Fig. 79] (a) ~ (c)= 1 U £ 65 kim/h 27190
A, Sk ulF ZFA| o] Z(Steering control angle) ¥

CarSim 523} B =R A 7)|obal xpek wdo) &5

Aijo|n], T o] 3rier W g71Ew Stlo] Ao

LA GE HoE o] & Sall Albe A o] T
0]

A =E gusial »)\%% Eig
~99] (a) ~ ()= A4 B W o] A ek =4 = g
A &+ 2} W7 (Single lane change) ¥H4-2 eI,
F3) 2pgFo] £ 90 kmh= AS TS o=
Atk kgke] 0.02 57F Al 2Hd 3171‘01 °F 10m t e =t
A WAE JAATS & T Ao, o=
cAve T BE A3 A4S AU + 9L ol
@t} ol % o WaakA sjote) Sl Fig 109 @ ~
(o A4 2 B0 kgt Mol W} 314 7 A
2ol gk A5 vERA Aot Figs. 11 ~ 12, Figs. 13 ~
14, Figs. 15 ~ 162 27} =2 7 (2 A/20 )3} 7187 k
zk Wslo whe} A HlE] 2 3K(Steering angle), &
2] E(Yaw rate) 12| 3 3] 714 = (Lateral acceleration)<]
AZE S vERATh AlEd ol A kgke]l SR
= AR BE T2 Sl vk 57}3}"3"’
7P = k0.7 °, 8715 9F 0.75 rad/s T1@] AL
£ =0k 8 m/s2 %ﬂ.z‘g}% Bt} Eta']_ 21 W
Argo] AA F7EEE oF Hdl 22 ~42 m/s°= &
SHEAeH, o]= 72}‘*4 3] NS R 7= A
TA AAIE b 7)ol Fpeic) olgd, 7]E

r O
)
&
¥2
3
o
3!
aQ
%]
oo

r>r

Straight road Curved road ~
MPC 7|9t A5 Bl gt A3} FARE £30] 54 &
g
Krerrond 0 feos (=5 oS BATh A4 Aojg A4 ) 2F A
o 2 37l =59 o =
Yoo 0 Rsin(z/}ﬁ—l)-&-l? e ]E—H 2.76_m/5 037]":. 7t #EEoH, 2A4F °
2 T2 M FF ATE, £ 0.5 rad/sHAE AAE
Vrefiroad 0 mody,, 2m (Replanning) 712 FF A=+ 0.3 ~ 0.5 rad/s 2] &
(@), (b), (©
1 ,.\1 %oos
P X g
° [9]
0 §0 £ o
%71 [S] 4 %-005
>
L |mees Carsim O et Carsim
2 === Vchicle model | | 015 === Vehicle model
o 10 Timéfsec) 2 P 20 0 5 10 Timej(ssec) 20 25 30 0 5 10Time1(ssec) 20 25 30

Fig. 7 Response comparison between the proposed vehicle model and CarSim under steering input (longitudinal velocity = 65 km/h)

1060 st=atE2135ts =232 A33A A23, 2025



757 ASE A ol2l gt A= H3eE Alhkgle]
A e R 71E ATt FARE 4 S 4
55 etk B3 Figs. 17 ~ 182] (a) ~ (o)== A4
T2 g AA o] 4 B2 S A 12H e T8
TN T A AR ot SRS e Tl 2Bl A

)

(Single lane change) IS YUEFATE 7|4 A&
2121 W73 A 2F-L Table 201 7 2] 31Tk
Table 2] W=, g= 1214 o] 5 2p&k 1F A 2 & et
i, 2k =8 Alvhe] el whet kgks 25k 2kl

W7 A Fol, E slo] A WAL ud 5 9
RS BTG ol A B2 AT YT >
Sl Aol % Ajure] A 271 B0l ojal, Aleke
raelZe] feAshl Ulgd 5 gS wolEth. ol
3 Anhs 7197 kgtel A 2% 3t FY Sl
27149 AL MAE Fo WY wolET) o] F
%o =2 ol neh kghe A8 2ATORA, 2
A0 AR L FAEA AL 5 152 Bsen)
Table 2 Lane change strategy based on k values
d Relative speed k value

A d=>30m Increasing 0.08

B d=>=25m Increasing 0.10

C d=20m Increasing 0.12

(a)s

I c = 0.08

E
=
2
4
18 190 200 210 220 230 200 20 260
X(m)
(b) s
A I i = 0.10
2
Eo
=
2
4
1 10 20 210 20 20 20 20 260
X(m)
(c) o
o k=012
2
Eo
=
2
4
18 190 200 210 220 230 200 20 260
X(m)

Fig. 8 Single lane change sequence on a straight road
(V=90 km/h)

200 210 220 230 240 250 260 270 280
X(m)

Fig. 9 Single lane change sequence on a curved road (V=90
km/h/R = 5000 m)

(3)¢ o & = 0,08

4 . |
_ !
& 1
= 1
0
2
190 200 210 220 230 240 250 260 270
X(m)
8
(b) I i =0.10
8
F 25m
& !
= |
0
2
10 200 210 220 20 240 250 260 270
X(m)
(c)e k=012
6
P 20m
— 1
£, I
= 1
0
2
180 190 200 210 220 230 240 250 260
X(m)

Fig. 10 Single lane change sequence on a road with height
variation (V = 90 km/h)

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No. 12 2025 1061



Sugeun Kim * Daeyi Jung

3 4 . , . 5
m— k = 0.08 /= 0.08
) i = 0.10 3 = 0.10 -
k=012 k=012
2 ]
=1 —_
& 5 1 J
el 3
T - ————— = o e
Z =
B [ 4
2 4
-2
3 4
3 4
6 7 8 9 10 1 12 13 14 6 7 12 13

Time(sec)

9. 10 11
Time(sec)

Fig. 11 Steering wheel front on a straight road (V=90 km/h)  Fig. 12 Steering wheel front on a curved road (V =90 km/h/R =

5000 m)
0.3 04r , . .
m— k = 0.08 — i = 0.08
2 k= 0.10 | 0.3 i = 0.10-
° k=012 k=0.12
) Aoz 4
< 0.1 =
% \ -?501 1
S 0 - —— =
% S T of \% _
T 01 ] 5
=0 J
g &
L 02 02 1
0.3 4 0.3 J
0.4 0.4
6 7 8 12 13 14 6 7 8 9 10 11 12 13 14

9 10 11
Time(sec)

Fig. 13 Yaw rate on a straight road (V = 90 km/h)

a3l
2
Qo
b
2
g0
£
Iy
Sf
-2
-3

m— /c = 0.08
/e = 0.107
k=012

/"‘

2 13 14

9 10 11
Time(sec)

Fig. 15 Lateral acceleration on a straight road (V = 90 km/h)

I /= 0.08

4
140
m— =010

140 160 180 200 160 1(80)200 220 180 200 220 240 260
X(m

Time(sec)

Fig. 14 Yaw rate on a curved road (V =90 km/h/R = 5000 m)

w

N

_ y(mys?)

m /= 0.08
i = 0.10

J\ /;ff

9 . 10 11 12 13 1
Time(sec)

Fig. 16 Lateral acceleration on a curved road (V =90 km/h/R = 5000 m)

B K = 0.08

160

200 220

180
X(m)

200 220

240 260

120 140 160 180 200 140 160X(180) 200 180 200 220 240 260 120 140 160 180 200 140 1(;?(m1)80 200 180 200 220 240 260
m k=012
k=012
8 8
6 6
4
0.~H 4 nnn
20l 5 ot
o o
4 2 Lptresnmm s . — .
. 120 140 160 180 120 140 160 180 200 180 200 220 240
120 140 160 180 140 16% 1)30 200 180 200 220 240 260 X(m)
X(m

Fig. 17 Single lane change sequence on a straight road with
varying k and front vehicle distance (V=90 km/h)

1062 3225243383 =23 A33H A128, 2025

Fig. 18 Single lane change sequence on a curved road with varying &
and front vehicle distance (V=90 knvh/R = 5000 m)
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