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ABSTRACT
The reasonable placement of the advance guide signs 

(AGSs) is important in improving driving efficiency and 
safety when exiting an expressway. By analysing the 
lane-changing process when approaching an exit on new 
two-way eight-lane expressways, we modified the tradi-
tional AGS model lane-change distance formula. To this 
end, a field experiment was designed to explore the lane-
change traversal time at the free flow condition (LOS 1). 
Considering the limitations of the experimental equip-
ment, lane change distance at the worst levels of service 
was explored using VISSIM simulation. The results show 
that the eight-lane changing distance based on modified 
theoretical calculations, revealed a minor difference 
with VISSIM simulation in free flow condition. Further-
more, placement distance at the worst levels of service 
are discussed. Then placement distance of all-level AGSs 
is recommended to be 3 km, 2 km, 1.2 km, and 0.8 km, 
considering the driver's short-term memory attenuation 
calculation formula. Determining the two-way eight-lane 
AGS placement distance from the perspective of LOS can 
provide a basis on which to supplement the existing stan-
dards and references for the AGS placement distance af-
ter the expressway expansion in China. 

KEYWORDS
advance guide sign; lane change distance; field driving 
experiment, levels of service; traffic simulation. 

1. INTRODUCTION
The expressway advance guide sign (AGS) 

which is generally placed before an upcoming exit 
provides directional information and the distance 
for drivers to the upcoming exit for drivers [1]. Rea-
sonable design and placement of the AGS help the 
driver select the driving route far enough in advance 
to avoid unsafe lane change behaviour, which im-
proves driving operation efficiency and safety on 
expressways [2].

Previous research on expressway guide signs 
has mostly focused on how physical parameters, 
such as sign materials, structure, and guide infor-
mation presentation including format, font, colour, 
and volume influence the driver's recognition and 
attention [3–7]. Particularly, the excessive amount 
of information on guide signs influences drivers’ re-
action time and increase the driver's visual load and 
mental stress, so the screening and stratification of 
guide sign information were also widely explored 
[8–10]. Besides, when the front and rear guide sign 
information remains consistent and continuous, the 
driver can quickly read and accurately identify rel-
evant guide information, so as to improve driving 
efficiency [11, 12].
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considered expressway geometry design, and driv-
ing behaviour, and then discussed the AGS place-
ment distance at several posted speeds. However, 
this model still simplifies the lane changing pro-
cess, which is quite different from reality. Based 
on this situation, Liu et al. [22] considered lane-
change waiting time based on the characteristics of 
the expressway diversion area approaching an exit 
and the driver's visual-discontinuation behaviour, 
and provided a modified calculation model of the 
lane-change distance based on the probable angle. 
Zhu et al. [23] modified the AGS model based on 
the difference in lane-change distance under dif-
ferent types of AGS installations. However, in the 
above-referenced AGS placement distance model 
corrections, the calculations of the lane-change 
distance still tend to be ideal, and do not take into 
account the speed difference before and after the 
lane change, the traversal distance of the vehicle 
when changing lanes, and the specific traffic en-
vironment. Therefore, it is necessary to synthesize 
the traffic environment and driving characteristics, 
and further analyse the lane-change distance to de-
termine the AGS placement distance.

In the existing model, when determining the 
placement of the AGS before the exit, speed is the 
most popular indicator to distinguish traffic con-
ditions [24, 25]. Volume density reflects the de-
gree of driving freedom and vehicle proximity in 
expressway traffic, and should also be considered 
[26], but is rarely considered in AGS distance cal-
culations. The level of service (LOS) is an integra-
tion of the speed, traffic flow density, and traffic 
flow rate, and can fully and intuitively reflect the 
expressway traffic environment and driver satis-
faction. Therefore, taken as an indicator of traffic 
flow and driver experience, LOS is of great signif-
icance in exploring the AGS placement distance.

Analysing the lane change process of exiting 
an eight-lane expressway, this paper classifies two 
periods of vehicle lane change that reflect the traf-
fic environment and speed differences before and 
after the lane change, and corrects the lane change 
distance formula of an typical traditional AGS 
distance placement model. At the free flow condi-
tion, a field experiment is conducted to explore the 
lane change traversal time and determine the lane 
change distance. Considering the limitations of the 
experiment equipment, VISSIM simulation is em-
ployed to discuss the difference in lane changing 
distance under all levels of service. Taking into 

Placement distance of advance guide sign is also 
exceedingly worth exploring. In China, a consider-
able part of the two-way four-lane expressways with 
high functional positioning and large traffic volume 
will be broadened to two-way eight-lane express-
ways due to the expanding demand for transporta-
tion and economic development. The expanded ex-
pressway will increase the number of lane changes 
and extend lane change distance when exiting an 
expressway. Unreasonable AGS placement distance 
on expanded expressways may result in a negative 
impact on the driver's perception and judgment, and 
further increase driver’s travel cost or risk of casu-
alties [13, 14].

However, the impact of lane expansion has not 
been considered with respect to the distance at 
which AGSs are placed before the actual exit. There 
is no related modification or supplement in the cur-
rent Chinese national standards and specifications, 
which includes one rule for all types of express-
ways [9, 15]. There are few helpful references for 
determining the placement distance of exit AGSs 
on eight-lane expressways, while most countries do 
not specify a difference in the number of lanes but 
in interchanges types. The MUTCD [16] stipulates 
three-level AGSs for large and medium-sized inter-
changes, and two-level AGSs for small interchang-
es. The “Standard for Highway Guide” in Germany 
(FGSV 329/2) [17] and “Road Sign Handbook” in 
Japan [18] classify interchanges as hub and general 
interchanges; the AGS levels in Germany are dis-
tinguished as three and two, respectively, but Japan 
still employs three-level AGSs.

In the two-way eight-lane expressway, it is 
necessary to quantitatively determine the place-
ment distance of the AGS before the upcoming 
exit according to the driver lane-change process. 
However, in the national standards, no specific 
calculation method is given for the AGS distance; 
the interchange type is specified, but there is no 
distinction in terms of the driver characteristics in 
different traffic environments. When it comes to 
the multi-level AGSs, the one closest to the ramp 
exit (noted as the final one) is essential and has 
the most significant impact on driver safety and 
operational behaviour [19]. Qiao et al. [20] used 
a driving simulator to estimate the final AGS loca-
tion and took into account influential factors such 
as traffic flow rate, operating speed, and number of 
lanes. Guo et al. [21] proposed an AGS placement 
distance model for three types of sign installations, 
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final AGS to the final AGS location. Figure 1 illus-
trates a theoretical calculation diagram of the lane-
change process in the most unfavourable situation 
with three lane changes. The starting point of the re-
action period, the first lane change, the second lane 
change, the third lane change, and the deceleration 
period are set as a, b, c, d, and e, while the exit ramp 
shunt nose is set as f.

According to Figure 1, an AGS placement dis-
tance model can be determined based on the fol-
lowing assumptions: (1) all drivers drive safely and 
the driving characteristics are similar for all drivers 
conforming to the same lane change rule; (2) vehi-
cles with no need of exiting the expressway will not 
change lanes and will travel in a constant headway 
distribution pattern. V1 and V2 are the driving speed 
of the main lane and the ramp, respectively.

The advanced distance D is

D D D D D1 2 3 0= + + -  (1)

The perception and reaction distance D1 is

.D V PRT
3 61 1 $=  (2)

where PRT is the Perception and Reaction Time, 
which is related to driving speed.

The lane changing distance D2 with three lane 
changes is

.D V T 3 6
3

2 1 $ $=  (3)

where T is the average time for each lane change.
The deceleration distance D3 from V1 to V2 is

D f G
V V

2543
1
2

2
2

$
= +

-
^ h  (4)

where f is the coefficient of friction, generally from 
0.29 to 0.44, and G is the slope of the expressway.

account the driver's memory attenuation, the AGS 
distance from the exit at each LOS is proposed to 
provide reference for the placement distance of the 
AGS on an eight-lane expressway.

This paper is divided into three parts: the first 
part deals with the change distance correction of 
AGS model, the second part considers the exper-
imental method and VISSM simulation, and the 
third part contains research conclusion.

2. LANE CHANGE DISTANCE MODEL

2.1 A traditional placement distance model 
for AGS

The driver travelling on an eight-lane express-
way decides to pull out of the main lane to enter 
the ramp when noticing the exit AGS. The overall 
process can be classified into three periods after 
the driver notices the AGS.
1)  Perception and reaction. The driver notices the 

final exit AGS and then recognises the infor-
mation on the sign; the driving distance in the 
period is set as D1.

2)  Lane changing. The driver decides to shift to 
the outermost lane with a maximum of three 
lane changes; the driving distance in the period 
is set as D2.

3)  Deceleration. After completing the lane chang-
es, the driver slows down to a limited speed and 
enters the ramp; the driving distance in this pe-
riod is set as D3.
The advance distance D ranges from the final 

AGS location to the exit ramp shunt nose, and the 
D0 of the AGS ranges from the driver noticing the 

1st lane change 2st lane change 3st lane change

Lane changing distance
Before AGS
coming into

sight Perception
& reaction
distance Roadside upright

Deceleration distance

b

c

d

e
f

θ
a

D0

D2D1 D3

D

Figure 1 – AGS distance analysis and schematic diagram of the theoretical calculation from the innermost lane on a two-way 
eight-lane expressway
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A single lane change distance L can be described 
by the following equation.

.L V t V t V t
3 6

c w c T2 3$ $ $= + +  (7)

In the above equation, traversal time t3 needs 
to be explored. Generally, there are two methods – 
field experiment and driving simulation – used to 
determine the traversal time t3. Driving simulation 
allows the driver to experience a visual and audi-
tory car driving experience in a virtual driving en-
vironment, regardless of time, climate, or location. 
However, compared with the field experiment, the 
driving simulation does not reflect the real compre-
hensive traffic flow environment, so a field exper-
iment was chosen to explore the traversal time t3.

3. A FIELD EXPERIMENT
The ‘Traversal time’ is the average waiting time 

for lane-changing vehicles to wait for an acceptance 
gap.

At present, most expressways are subject to full-
closed toll management in China, but the distance 
between two adjacent exits can generally be more 
than 10 kilometres. This distance is excessive and 
increases the difficulties and time costs of success-
fully observing a vehicle exiting an expressway, due 
to the randomness of the vehicle departure and the 
limitation of the experiment equipment. Compared 
with general expressways that pass by many cities, 
the city’s suburban expressway has excellent char-
acteristics and is more convenient for data collec-
tion; it has more transition points, a relatively short-
er distance between two adjacent exits, and many 
opportunities for vehicles to exit the expressway. 
Furthermore, the drivers’ lane-changing behaviour 
between two adjacent lanes is similar in six-lane 
and eight-lane expressways, so the suburban ex-
pressway of Xi'an City with six lanes is employed 
for the field driving experiment.

3.1 The field experiment scheme
Xi'an suburban expressway (G3001), as the 

pivotal section of the main skeleton in Xi'an City, 
Shaanxi Province, China, has a total length of 88 
kilometres at a designed speed of 120 km h-1. It is 
a fully enclosed six-lane expressway with full inter-
changes, and is connected to G30 in the west, G30 
and G40 in the east, G70, G65, and G5 in the north, 
and G5 and G65 in the south. In this experiment, 
the south section of the expressway was selected for  

The visual distance D0 is

. cotD L L4 0 5 3 12w0 0$ $ c c1 1i i= - +^^ ^h h h  (5)

where Lw denotes the width of the lane, L0 denotes 
the horizontal offset of the guide sign, and θ denotes 
the angle between the driver and the exit guide sign. 
Based on the driver's visual field clarity on an eight-
lane expressway, θ is set as 10°.

Lane changing distance of outgoing vehicles D2 
is

.D V T N3 6
1 12 1 $ $= -^ h  (6)

where V1 is the main line design speed T is the av-
erage time of each lane change N is the number of 
motorway lanes.

In the traditional AGS model, the speed of each 
lane change is considered to be the same in the cal-
culation of D2. In fact, the driving speed varies at the 
beginning and the end of each lane change, which 
contributes to the difference in lane-change dis-
tance. In addition, there is a waiting period during 
which the driver looks for an acceptable gap in traf-
fic to enter the target lane. Therefore, it is essential 
to modify the lane-change distance calculation for-
mula for exiting the expressway.

2.2 Modification of the lane change 
distance formula

D2 can be decomposed into three single lane 
change distances. This is similar for each single 
lane change distance L, which can be divided into 
three periods, waiting an acceptable gap, reaction, 
and execution. 
1)  Waiting Period. Drivers who are determined to 

change lanes from the current lane should wait 
for an acceptable gap in the target lane, where 
the waiting time tw depends on the vehicle’s 
headway distribution pattern and Vc denotes the 
average vehicle speed in the current lane. 

2)  Reaction Period. There exists a reaction time t2 
when an acceptable gap occurs. With reference 
to the proposed AASHTO, combined with the 
vehicle composition of expressways in China, 
traffic conditions, and driver characteristics, we 
take the reaction time t2 as 2.5s [27]. 

3)  Traversal Period. The travel distance from the 
current lane to the target lane is determined by 
the traversal time t3 needing to be explored. The 
driving speed in the period is VT, which is almost 
the speed of the target lane.
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lect the vehicle speed and driving route. The driv-
ing recorder is used to collect video data during the 
driving process.

Before starting the experiment, the Hi-Drive 10 
system and driving recorder were installed on the 
hood of the car and the windshield inside the car at 
the entrance of the Chang’an interchange, and fur-
ther debugged. At the beginning of the experiment, 
the data entry of the driving recorder and Hi-Drive 
10 were started synchronously. At this point, the ob-
servers and the equipment operator simultaneously 
pressed “record” to ensure that the entered data was 
synchronised, which is required for later processing 
of the data. Once the test car entered the main lane 
of the expressway, observers began to look for the 
target vehicle and followed the vehicle to obtain its 
lane-change data. In this process, the dynamic radar 
MSE captured the vehicle and the driving record-
er recorded the video. The target vehicle had to be 
able to change lanes toward the upcoming exit and 
the test car needed to exclude the effects of cut-off 
vehicles to complete a successful follow-up for the 
target vehicle. There are two main difficulties in this 
experiment: (1) the radar detection MSE is always 
limited by the distance and affected by the surround-
ing vehicles during the data acquisition process and 

repeated observation due to shorter exit spacing 
and a larger proportion of vehicles exiting the ex-
pressway. The investigation route includes six in-
terchanges totalling 106 km, namely Apanggong 
Interchange (No. 1), Hechizhai Interchange (No. 
2), Xigaoxin Interchange (No. 3), Chang’an Inter-
change (No. 4), Qujiang Interchange (No. 5), and 
Fangzhicheng Interchange (No. 6), as shown in 
Figure 2. Furthermore, Interchanges No. 1, 3, 4, and 
5 have a large number of vehicles exiting the ex-
pressway, which is convenient for collecting data.

The experiment was conducted on the morning 
of 15 January 2017 at approximately 8.00–11.15 in 
the morning. The installation and debugging of the 
equipment, including the Hi-Drive 10 car-following 
driving behaviour system and a driving recorder, 
were performed before the experimental data col-
lection to ensure the smooth completion of the ex-
periment. This experiment was also performed by 
one driver, two observers, and one equipment op-
erator. The Hi-Drive 10 system depends on the fol-
lowing sensors to obtain the data: ranging lasers to 
collect the relative distance between the front and 
rear vehicle, MSE dynamic radar to collect the front 
and rear vehicle speeds, and a GPS module to col-

Figure 2 – Investigation route
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into 20 frames in the study. The differences of the 
extracted parameters as driving speed develops are 
shown in Figure 3. 

Pearson correlation analysis was performed on 
the above variables at the confidence level of 0.01. It 
was found that there was a significant negative cor-
relation between vehicle traversal time and driving 
speed, and vehicle traversal time and vehicle travers-
al speed with the correlation coefficients -0.828 and 
-0.930, respectively. The vehicle traversal speed is 
significantly positively correlated with the driving 
speed, with a correlation coefficient of 0.929. This 
means that the greater the driving speed of the ve-
hicle, the greater the traversal speed of the vehicle 
will be and the shorter the traversal time of the ve-
hicle. Because driving speed is the most observable 
and obtainable variable and contributes to the vehicle 
traversal speed, the relationship between the driving 
speed and the traversal time were explored. It was 
found that the two are roughly linear; the abscissa 
is the driving speed and the ordinate is the traversal 
time of the vehicle (see Figure 3b).

Taking the driving speed V as the independent 
variable and the traversal time t3 as the dependent 
variable, SPSS is used for linear regression, and the 
functional relationship is shown in Equation 8. In the 
regression coefficient test, the independent coeffi-
cient and the constant term Sig are both less than 
0.001, indicating that the linear fit is excellent.

is therefore rarely able to capture all vehicles chang-
ing lanes to the upcoming exit; (2) the tracked vehi-
cle does not necessarily exit the expressway, so con-
siderable driving distance of the test car is required. 
Therefore, the test car needs to be shuttled multiple 
times to successfully obtain valid data. At the end 
of the investigation, the actions of the driving re-
corder and the Hi-Drive 10 system were stopped 
simultaneously to complete the data collection. The 
distribution of the vehicles that were successfully 
observed is shown in Table 1.

3.2 Traversal time of lane change

The determination of traversal time t3 requires 
an extraction analysis from the raw data obtained 
in the experiment. When extracting valid data, the 
data recorded by the MSE dynamic radar needs to 
be coordinated with the video recorded by the driv-
ing recorder. Because the recording time of the MSE 
dynamic radar software is synchronised with the 
driving recorder, the lane changing vehicle record-
ed in the MSE dynamic radar software can be found 
by time positioning, according to the time when each 
lane changing vehicle started to change lanes. The 
collected data is extracted and analysed by the MSE 
dynamic radar software, where 1 second is divided 

Table 1 – Observed vehicle distribution

Route name Length [km] Route Vehicles observed cues

Chang’an(4)-Apanggong(1) 18 4-3-2-1 3

Apanggong(1)-Fangzhicheng(6) 35 1-2-3-4-5-6 7

Fangzhicheng(6) – Apanggong(1) 35 6-5-4-3-2-1 8

Afanggong(1) - Chang’an(4) 18 1-2-3-4 2
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Figure 3 – Parameters in the execution period of the lane change
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lane change distance is 176 m. Therefore, the lane 
change distance D2 that the vehicle shifted from the 
innermost lane to the outermost lane is 579 m at the 
free flow condition (LOS 1).

Perception distance and deceleration distance
Johansson mentioned that for every 8-m/h in-

crease in speed, the driver's cognitive response time 
is shortened by 0.2 s [28]. When the driving speed 
V1 is 120 km/h, it follows

. .PRT V5 3 0 025 1= -  (11)

The relevant parameters in the AGS model and 
the calculated D0 and D3 values are presented in 
Table 2.

D0, D1, D2, and D3 substituted into Equation 1 pro-
duced a value of 748 m of D at LOS 1. At the first 
LOS, the driver is travelling in the innermost lane at 
a free-flow condition, and the distance required to 
see the AGS and exit to the outermost lane is 748 m. 
However, the current placement distance in China 
is 500 m, which obviously cannot meet the driver's 
lane change needs, so the placement distance of the 
final AGS on an eight-lane highway is recommend-
ed to be 800 m. The determination of the placement 
distance of the rest of AGSs requires consideration 
of the lane change distance of the vehicle at the 
worst service levels.

4.2 Lane change distance at all levels of 
service

The lower the LOS, the higher the traffic den-
sity, and the longer the lane-change distance the 
driver needs to traverse. However, the field exper-
iment can rarely obtain the data at the worst levels 
of service. On the one hand, it is difficult for the test 
car to follow the lane-change vehicle constantly in 
a higher traffic volume density. On the other hand, 
the MSE radar is exceedingly limited in capturing 
the lane-change vehicle due to the interference of 
surrounding vehicles, especially in a more complex 
traffic environment. Therefore, VISSIM simulation 
was used to simulate the vehicle lane-change be-
haviour at the worst service levels by setting rele-
vant parameters.

. . .t V0 123 3 6 7 2723 $= - +  (8)

The distance L3 that the vehicle travels during 
the execution period can be expressed as Equation 9 
by combining Equations 7 and 8.

. .
. .L V t V V3 6 12 96

0 123 2 023
3

2
$= = - +  (9)

4. RESULTS AND DISCUSSION

4.1 Placement distance for the final AGS

Lane-change distance at free flow condition
Currently, the lane division rule of the eight-

lane expressway is related to vehicle types. At a 
designed speed of 120 km/h discussed in this pa-
per, the lane function division is characterised as 
follows: the first lane noted as car lane has speeds 
ranging from 120 km/h to 110 km/h; the second 
lane noted as coach lane has speeds from 120 km/h 
to 90 km/h; the third lane noted as truck lane has 
speeds from 100 km/h to 80 km/h; the fourth lane 
noted as truck lane has speeds from 100 km/h to 60 
km/h. In the calculation, the average speed of each 
lane is taken as 110 km/h, 100 km/h, 90 km/h, and 
70 km/h.

At the first LOS, the driver is traveling in the in-
nermost lane with a free-flow condition. The max-
imum traffic volume at LOS 1 is 750 veh h-1 ln-1, 
and the headway distribution can be represented by 
the shifted exponential distribution. The average 
waiting time tw of the lane changing vehicle while 
waiting for an acceptable gap can be expressed as 
Equation 9, where t and τ are the critical clearance of 
the vehicle and minimum headway time, generally 
taken as 4.0 seconds and 1.5 seconds, respectively; 
μ is the average vehicle arrival rate, which is cal-
culated to be 750/3600 veh s-1 at the first LOS. The 
waiting time tw is calculated to be 0.78 s.

t
e t 1

w

t

n
n x

=
- - -n x- ^^ hh

 (10)

The lane change distance with three lane chang-
es can be calculated according to Equation 7. As the 
result, the first lane change distance is 207 m, the 
second lane change distance is 196 m, and the third 

Table 2 – Parameter values in the AGS placement distance model

Parameters
D0 D3

Lw L0 θ f G V1 V2

Value
3.75 m 2.0 m 10° 0.29 0 120 60

88.6 m 173.8 m
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forward when an acceptable gap is encountered be-
fore the lane change behaviour occurs through the 
connector) as shown in Figures 4b and 4c. 

To characterise the behaviour of the vehicle 
changing lanes to find an acceptable gap to traverse 
a routing rule is established that between the lane 
and the connector, junction section vehicles give 
way to main lane vehicles. The detector is placed 
at the entrance and exit of each connector so that 
the number of vehicles, the driving speed, and the 
two time points of the vehicle entering and exiting 
the connection segment were recorded, respective-
ly. The difference between the two time points rep-
resents the waiting time for the vehicle to find an 
acceptable gap to traverse. The total lane-change 

At the beginning, VISSIM should be calibrated 
to conform real driving environment by setting a 
reasonable lane changing scheme and adjusting rel-
evant parameters. Considering the most unfavour-
able situation, a vehicle in the innermost lane needs 
to make three lane changes in succession to shift 
to the outermost lane. The continuous lane change 
of the vehicle from the first lane is realised through 
the connector between four parallel lanes. Figure 4 
represents only one special case in the VISSIM sim-
ulation. The vehicle stops moving forward in the 
simulation, waiting for an acceptable clearance to 
change lanes, as shown in the connector in Figure 4a. 
In practice, however, the vehicle will always move 

Lane 1

Lane 2

Lane 3

Lane 4

Connector 1

Connector 2

Connector 3

a)

Lane 1

Lane 2

Lane 3

Lane 4

Connector 1

Connector 2

Connector 3

Acceptable gap

b)

c)

Lane 1

Lane 2

Lane 3

Lane 4

Connector 1

Connector 2

Connector 3

Acceptable gap

Figure 4 – Schematic diagram of lane changes on an eight-lane expressway in the VISSIM
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driver should range from 250 m to 1000 m. Accord-
ing to the repeated spacing of two exit signs, two 
repeated signs should be set between the first AGS 
and the last AGS to transmit the guide information 
repeatedly and continuously, and the spacing should 
be set as 1000 m, 800 m, and 400 m, respectively. 
The placement distance of all AGSs on an eight-
lane expressway is recommended in hundreds of 
meters, compared with other countries as shown in 
Table 3. The number of lanes is not distinguished in 
the national standards in the table, but most coun-
tries classify interchange types, and the AGS place-
ment distance of large and medium-sized or hub 
interchanges are listed (see countries with *). For 
convenience of comparison, miles are converted to 
meters.

As shown in Table 3, Germany and the Nether-
lands distinguished interchanges and setting an 
information sign. Although Japan classifies the 
interchange as a hub and general interchange, the 
placement distance is similar to China. The recom-
mended placement distance of advance guide signs 
in this paper on an eight-lane expressway for exits 
has certain commonalities with American large and 
medium-sized interchanges and the Netherlands 
hub interchanges. In addition, the 3-km information 
sign draws on the practice of the consulting sign 
such as Germany and the Netherlands. LOS 4 and 
5 on an expressway always appears at the begin-
ning and end of the holidays. To prevent the driver 
from missing the sign and forcibly changing lanes 
at the exit, 3 km taken as a variable consultation 
sign is recommended. When the LOS reaches the 
fourth level, the advance guide information should 
be pushed to remind the driver to change lanes in 
advance, reducing the anxiety of the driver and in-
ducing the driver to travel safely and effectively.

5. CONCLUSION
In this paper, the traditional lane change distance 

formula of the AGS model was modified and a field 
experiment was conducted to explore the traversal 
time in the lane changing process at the free flow 

distance can be calculated according to Equation 12, 
in which Vi

' indicates the vehicle running speed in 
the ith lane to the (i+1)th lane connector, and ti indi-
cates the beginning time difference from the ith lane 
to the (i+1)th lane, i=1, 2, 3.

S V t'
i i

i 1

3
$=

=
/  (12)

Consistent with the lane division rule in section 
4.1, the lane division rule works in the VISSIM sim-
ulation by setting the vehicle composition and the 
vehicle speed limits in each lane. The distinction of 
the innermost lane exit rate and the maximum traffic 
volume of the lane under different levels of service 
are considered. According to the “Design Specifi-
cation for Highway Alignment” (JTG D20-2017) 
[29], at a design speed of 120 km/h, the maximum 
traffic volume under the first to fifth LOSs are 750 
veh/h/ln, 1200 veh/h/ln, 1650 veh/h/ln, 1980 veh/h/
ln, and 2200 veh/h/ln, respectively. Considering that 
the exit rate of the innermost lane vehicle ranges 
from 10% to 90% with 10% taken as a step, the 
simulation of the combination scheme is performed 
according to the change value of the parameter, with 
the simulation time of one hour. 

At the first LOS, the average value of the vehicle 
lane change distance under different exit rates in the 
VISSIM simulation was 590 m, which is exceeding-
ly close to 579 based on the theoretical correction. 
The validity of the results based on lane change dis-
tance formula is also proved. On this basis, by set-
ting the traffic volume of each lane under all levels 
of service, with the parameters of Table 2 adopted, 
the placement distance of AGSs under the first to 
fifth LOSs are, respectively, 748 m, 920 m, 1320 m, 
2060 m, and 2743 m. 

4.3 Placement distance for all levels of AGS
According to a study on the short-term memo-

ry attenuation of driver recognition of traffic signs, 
when the memory time of drivers is 25 s, the mem-
ory is relatively clear [30]. The speed limit of ve-
hicles on the expressway is 60 km/h~120 km/h, so 
the repeated spacing of exit signs required by the 

Table 3 – The placement distance of AGS (meter)

AGS order Recommended value China Japan* America* Germany* The Netherlands*

Information signs 3000 none none none 2000 1800

1st 2000 2000 2000 3200 1000 1200

2nd 1200 1000 1000 1600 500 600

3rd 800 500 500 800 none none
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基于换道行为的双向八车道高速公路出口指路
标志设置距离研究

合理设置超前导向标志对提高高速公路行车效
率和行车安全具有重要意义。通过对新建双向八车
道高速公路的变道过程进行分析，对传统的AGS模
型变道距离公式进行了改进。为此，设计了现场实
验，探讨了自由流条件下变道穿越时间(LOS 1)。考
虑实验设备的限制，利用VISSIM仿真研究了服务最
差水平下变道距离。结果表明，在自由流条件下，
基于修正理论计算的八车道变距与VISSIM仿真结
果有微小差异。此外，还讨论了最差服务水平的安
置距离。根据驾驶员短时记忆衰减计算公式，建议
各级AGSs放置距离分别为3 km、2 km、1.2 km、0.8 
km。从LOS角度确定双向八车道AGS放置距离可为
我国高速公路扩建后AGS放置距离补充现有标准和

参考提供依据。

关键词

前置指路标志；车道换道距离；实地
驾驶试验；服务水平；交通仿真
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