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Comfort-Based Self-Driving Planning Method

| Technical Field]

The 1mnvention belongs to the ficld of automatic driving technology and automatic speed control technology and

rclates to vehicle speed control method relating to ensuring passenger comfort attfected by running vibration.
[Technical Background]

In the 21st century, with the continuous expansion of the highway and automobile imndustries, automobiles have
become one of the necessary means of transportation for people, which bring great convenience to the daily
production and life of human beings. However, excessive use of automobiles also brings much problems such
as environmental pollution, traffic congestion, and traffic accidents. To alleviate this problem, automated
vehicles are gradually becoming an important direction for the development of automobiles 1n the future.
Automated vehicle combines functions of detection, 1dentification, judgment, decision, optimization,
optimization, execution, feedback and correction. It can learn, summarize, improve skills. And 1t 1s a smart car
with top scientific and technological achievements, which mtegrates microcomputer, micro-motor, green power
and new structural maternals. It fundamentally changes the traditional “people-vehicle-road” closed-loop control
method, and removes the uncontrollable driver from the closed-loop system, improving the efficiency and safety
of the transportation system. Automated vehicles are especially suitable for tourism, emergency rescue, long-
distance high-speed passenger and cargo transportation, military use because of its advantage of reliable, safe,
convenient and efficient. The application of automated vehicles i the field of transportation fundamentally
changes the control mode of traditional cars, which can greatly improve the efficiency and safety of the

transportation system.

However, the traditional autonomous driving strategy mostly uses multiple sensors to realize vehicles collision
avoldance and lane maintenance, 1gnoring the impact of road conditions such as uneven road surface on
passenger driving comfort. The traditional speed adjustment method can effectively ensure the safety and
ctticiency of dniving, but 1t lacks consideration for the driving comfort when 1t drives on bumpy road. According
to The Motley Fool, one of Google's main obstacles for promoting autonomous driving 1s the difficulty of
ensuring comfort on bad roads, such as roads with much potholes. We all know that the Google has made
complex preparations on specific routes before driving on the road, such as extensive and elaborate mapping of
lancs. Much of the data collected from cars with various sensors need be confirmed refined by computer or
artificial on "meter" levels. However, these information does not tell whether the road ahead will be smooth or
not. More than 43 million people are now 65 or older, and that number 1s growing by 10,000 a day in America.
In addition, 79% of the elderly live in suburbs and rural arcas in the United States, and cars are indispensable
for travel needs such as shopping, medical treatment and visiting relatives and friends. Google has set 1ts sights
on ¢lderly customers, and the need for comfort in an ageing society will be important as automated vehicles are

mature in technology.

In the following scene, the automated vehicle drives on a road with poor quality, and there are no other social
vehicles and obstacles around. Since there 1s no safety hazard, automated vehicles will drive at the maximum
speed limit, which 1s bound to cause a poor driving comfort. Theretore, the invention proposes an automatic
driving speed control strategy based on comfort. This driving strategy 1s based on the sate driving strategy,

which ensures the safe speed while considering the influence of vehicle-road action, and then proposes a speed



control strategy that 1s more consistent with the driving law.

On the other hand, when the road surtace has obvious slab staggering, such as bridge head jump or deceleration
zone. These obstacles can be automatically 1dentified by sensors of vehicle, but due to the limited detection
distance of the equipment, the vehicle often lacks sufficient deceleration distance, resulting i sudden
deceleration or sudden braking. It seriously affects the driving comfort. In the autonomous driving environment,
vehicles can interact with road facilities or other vehicles, so that abnormal problems on the road can be passed
to vehicles 1n advance. And appropriate control strategies can be selected to ensure sate and smooth passage of

vehicles.

In the study of driving comfort, driving comfort 1s mainly controlled by car manufacturer to adjust actively, by
detecting the vibration of the vehicle. they adjust the angle of the seat and the direction for passengers to alleviate
the impact of turbulence. However, these slight adjustments can only alleviate discomfort within a certain scope.
When the vibration 1s more noticeable, drivers still need to take the mitiative to slow down to ensure driving
comfort. The evaluation methods of driving comfort can be divided into subjective evaluation and objective
cvaluation. The subjective evaluation method 1s based on the subjective feeling of the passengers and takes
human factors mto account. The objective evaluation method 1s to collect, record and process the random
vibration data with the aid of instruments and equipment, and to make objective evaluation by obtaining the
relevant analysis values and the corresponding restriction indexes. In recent years, great progress has been made

in the study of smoothness evaluation by using subjective and objective evaluation methods comprehensively.

The roughness of road surface 1s the medium and micro feature of road surface, which 1s different from big
obstacles. It 1s not easy to be 1dentified by image analysis or radar technology. Therefore, 1t 1s necessary to adjust
the dniving speed of the vehicle through the communication between road and vehicles so as to guarantee the
driving comfort. Road roughness refers to the deviation of the longitudinal elevation value of the road surface.
Pavement cvenness 1s an mmportant technical mmdex to evaluate pavement quality. It mainly retlects the
smoothness of profile curve of pavement profile, which 1s related to the safety, comfort and impact force of the
road. The uneven road surface will increase the driving resistance and cause additional vibration of the vehicle.
This kind of vibration will cause bump, attect the speed and satety of the journey, and affect the smooth driving
comfort. When the profile curve of the longitudinal section of the road surface 1s relatively smooth, it means the
road surface 1s relatively tlat, or the roughness 1s relatively good. In the other hand, 1t means the roughness 1s

relatively poor.

In the other hand, the friction performance of the road surface 1s an important factor attfecting the driving safety
of the vehicle and has a significant impact on the parking and steering performance of the vehicle. The longer
the braking distance of a road vehicle with poor slip resistance, the more the frictional effect 1s more obvious as
the driving speed 1s increased, and thus a serious accident risk 1s generated. The smooth road surface makes the
wheels lack sufficient adhesion. When the car 1s driving 1n rain or snow or when braking or turning, the wheels
are prone to 1dling or slipping, which 1s very likely to cause traffic accidents. Theretfore, the road surface should
be flat, dense, rough, wear-resistant, with a large friction coetticient and strong anti-sliding ability. The road has
strong anti-sliding ability, which can shorten the braking distance of the car and reduce the frequency of traffic
accidents. Although the conventional automatic vehicle detecting device can realize the recognition of road
obstacles, road marking lines and typical traffic facilities through radar, images, etc., 1t 1s impossible to detect

the road performance, so 1t 1s difficult to determine the appropriate driving speed, thereby reducing driving



safety.

The friction performance of the road surface 1s mainly reflected in the friction between the tire and the road
surface. It mainly includes two aspects: adhesion and hysteresis force. As shown 1n Figure 1, the former depends
on the shear strength and arca of the contact surface, and the latter depends on the rubber of the tire. Internal
damping loss. On a flat, dry road surface, the anti-slip property 1s mainly controlled by adhesion. The adhesion
comes from the bonding force with the tires and road surface molecules, the rubber shear under the tire surface,
and 1s mainly provided by the fine aggregate part in the road surface. On rough, wet roads, the slip resistance 1s
mainly controlled by the hysteresis force. When the road surface 1s wet, the adhesion 1s significantly reduced.
On the rough road surface, the tire 1s continuously subjected to compression and relaxation deformation, mainly

ogencrated by coarse aggregate.

Because the texture features of the pavement can characterize its friction performance, this patent uses the
machine vision method to perform data mining analysis based on the acquired images, predict the friction
performance of the road surface and feed the results back to the autonomous vehicle to improve the vehicle.

Driving safely.

The modern control strategies for driving speed mainly imnclude adaptive control, vanable structure control,
robust control and predictive control. Adaptive control 1s to determine the current actual working state of the
controlled object, optimize performance criteria and generate adaptive control rules 1n the system operation by
continuously collecting control process mmformation, so as to adjust the structure or parameters of the controller
in real time and make the system work automatically at the optimal or sub-optimal running state all the time.
Current adaptive strategies include model reference adaptive control, parameter 1dentification selt-correction
control and nonlinear adaptive control. These methods can guarantee the vehicle to cope with the complex traffic
environment and automatically adjust the vehicle state to ensure safety. The variable structure control 1s that
when the system state passes through different continuous surfaces in the state space, the structure of the
fcedback controller will change according to a certain rule, so that the control system has a certain adaptability
to the internal parameter changes of the controlled object and external environment disturbances and other
factors, so as to ensure that the system performance reaches the desired standard. Robust control 1s a careful and
rcasonable compromise control method between control performance and robustness when solving the
deterministic object control problem. The robust controller can keep the system stable and guarantee the quality
of dynamic performance when the parameters are uncertain 1n a certain range and the un-modeled dynamics
exist m a certain limit. Predictive control 1s an accurate mathematical model which does not require the
controlled object. It uses the digital computer to implement online rolling optimization calculation, so as to

achieve good comprehensive control effect.

These four control modes are widely used 1n autonomous driving and are also the main basis for generating
speed curves. This patent, based on the existing control, adds the comfort control model, integrating the input
of external environment information, and improves the speed control strategy to ensure that the change

characteristics meet the requirements of comfort.

Because when vehicles running m automatic mode, drivers are not needed to perform operations. Vehicles
usually depends on the multiple data sources as input to perform autonomous driving, such as vehicle detection,
tratfic lanes, around obstacles, data from the navigation system and so on. These parameters are derived from

different environment facilitics, for example on-board equipment, such as GPS equipment, radar, sensor and



infrared devices, etc. Another kind of information 1s derived from the car body database, such as road map data,
data signal cycle, etc. For the latter, the update of the database has become one of the important research 1ssues.
Only by updating the traffic information 1n the database according to the external environment 1n real time, the

vehicle can operate stably 1n the established trajectory.

At present, the update of vehicle information database mainly relies on vehicle-road communication technology.
Vehicles are both the sender of road environment collection and the receiver of traffic information. For example,
if a traftic accident 1s found during the driving process of the current vehicle, this information can be transmaitted
to the roadside equipment and then to the next vehicle. And this can improve the operation efficiency of the

following vehicles and avoid traffic accidents.

The advanced geographic information system (GIS) provides a good platform for autonomous driving
technology. The traffic management department can assign the measured road distress, road condition and
abnormal traffic information to GIS layers through GPS tags. Geographic information system (GIS) 1s a
computer-based tool that can analyze and process spatial information. GIS technology integrates the unique
visualization and geographic analysis functions of maps with general database operations such as query and
statistical analysis. With the continuous development of GIS technology, 1t can combine collected road
information with map. Through the vihecle road communication technology, the information can be passed to
automated vehicle, and 1in turn, guide the vehicle. This method can solve the limited distance of vehicle detection
system for automated vehicle. And it can provide a more advanced data for driving speed decision making in
the next section. It 1s a technical system that collects, stores, manages, computes, analyses, displays and
describes the geographic distribution data in the whole or part of the carth's surface (including the atmosphere)
space, supported by computer hardware and software systems. GIS 1s usually used in combination with GPS.
For the large-scale and outdoor patrol, the patrol staff often holds the GPS patrol device, recerve the GPS satellite
positioning mformation (time, latitude and longitude) in real time, and automatically or manually send the
positioning information to the wireless communication preserver at a preset time interval. After recerving the
positioning information, the wirecless communication preserver transmits the data to the management system
plattorm. The system software can dynamically display and replay the patrol track by adopting GIS electronic
map technology. The detailed information of the patrol point can be obtained by GIS analysis.

Prior Art 1

Patent W0O2016126317(1) shows multiple vehicle control methods for an automated vehicle under various

conditions, including braking, steering, and etc.

It analyzes the various conditions that can be encountered during the driving process, especially in urban roads,
including speed limit signs, road maintenance, mtersection signals and other road conditions; vehicles cover

emergency vehicles, maintenance vehicles and other types. Driving behavior 1s considered as well.

However, 1t does not give a specific feasible speed control strategy, namely how to accelerate and decelerate,
how to determine the drniving speed. Moreover, 1t does not consider the driving comfort while designing the

control strategy.

Prior Art 2

Patent CN104391504A, based on the analysis of driver behavior habits, combines the regional driving habit



model and road condition model to generate the current vehicle's automatic driving control strategy, so that the

automatic driving control strategy 1s adapted to the vehicle and its driving environment.

The vehicle driving habits model includes: the vehicle speed index, the vehicle brake index, the vehicle distance
index and the vehicle overtaking index; the regional driving habit model includes: regional speed index, regional
brake index, regional distance index and regional overtaking index; road condition model includes: vehicle
density index, average speed index, road curve index, pavement index, accident rate index and intersection
index. Environmental information includes: surrounding vehicle information, pedestrian information, lane line
information, traffic sign information, and traffic signal mmformation; active driving mmformation includes:

accelerator pedal opening, acceleration, deceleration, steering the wheel angle or vehicle yaw angle.

However, this model does not involve the root cause of passenger discomfort: the quality of the road, so 1t 1s

not possible to actively and specifically improve the driving comfort.
Prior Art 3

Patent CN104583039A proposes a method and system for controlling the speed of a vehicle that can travel on
a varicty of different terrains and conditions, and the purpose of doing so 1s to improve the driving comfort in
the vehicle. The patent analyzes the speed control strategies of the existing cruise control system: The tradition
system keeps the speed as close as possible to the mitial speed, which 1s set by drivers or passengers, but 1ignores
the driving environment and the occupancy of the vehicle (such as the number and the position of passengers).
Given such condition, maintaining the mitial speed may significantly affect the comfort and the stability of the
vehicle. This patent proposes a speed control system that limits one or more of the above disadvantages to a

minimum or elimination.

The system takes the terrain, the movement of the vehicle body, and the occupancy of the vehicle into account.
In particular, considering the comfort level of all passengers mn the vehicle, 1t 1s more user-friendly than
considering a single position or only considering the vibration of the vehicle. However, the level of comfort 1s
relatively vague and lacks scientific calculation methods. As a result, the speed of specific maintenance 1s

difficult to calculate and conducted.
Prior Art 4

Patent document CN105739534A proposes a vehicle-based multi-vehicle cooperative driving method and
devices based on the Internet of Vehicles. The specific implementation manner of the method includes: acquiring
current driving data and road condition information of the vehicle 1n real time; receiving a plurality of other
automated vehicles within a predetermined distance to transmit the shared dniving data and road condition
information; Based on current driving data and road condition information of a plurality of automated vehicles,
the driving decision plan 1s generated. The driving decision plan includes driving priority and driving route; and
the driving instruction of the vehicle 1s generated according to the dnving decision plan. The method enables
cach automated vehicle to plan driving decisions according to the current driving data and road condition
information of the vehicle and other surrounding unmanned vehicles 1n real time, thereby improving the public

road usage rate and the driving safety level of each automated vehicle.

In this system, multiple vehicles 1n the same road are considered for coordinated control. However, the scope

of multi-vehicle coordination 1s relatively small, and 1t 1s difficult to increase the coordination of the entire



network, which limits the application of this method.

Prior Art S

Patent CN105679030A proposes an unmanned traffic system based on the existing road network and the central
port control of the vehicle, which 1s composed of three parts: the vehicle remote control device, the road
monitoring device and the central control system. The central control system uniformly dispatches all vehicles
in the entire road network through the on-board remote-control equipment mstalled on each vehicle, and the
road monitoring equipment assists 1n the collection and transmission of the data. Global automatic scheduling
1s progressively performed on the basis of existing vehicles. The system 1s retrofitted to the existing traffic
system. Therefore, compared with the subway, the system has obvious cost performance advantages, and the

construction cost 1s only 1/60 of the subway.

Although this method can implement global optimization control, 1t 1ignores an important data source: the
vehicle 1tself. The vehicle 1s the real user of the road and has the most accurate information on the road. If you
can't make good use of the information collected by the vehicle itself, 1t 1s difficult to be accurate even 1f the

whole network control 1s realized.
|Contents of Invention]

The object of this patent 1s to provide a set of auxiliary comfort-based automated vehicle speed control strategies.
The proposed method generates the speed profile by analyzing the mechanism of road surface quality and
vehicle vibration, and using GIS and vehicle road communication technology to obtain road conditions. The
GIS database are continuously updated by the vibration of the vehicle, which helps to improve the comfort of
the following vehicles. The driving path 1s optimized mn combination with the vibration state of the historical

vehicle to avoid road distresses, thereby improving the driving comfort of the passengers.

The technical problems to be solved by the present patent mainly include the following eight aspects, namely:
1) Vehicle Road Status Interaction Technology Based on Vehicle Road Communication Technology

2)  Vehicle driving comfort prediction model

3) Comfort generation strategy based on road condition information

4)  Optimization of comfort speed curve parameters under finite conditions

5) Road vision anti-ship performance detection based on machine vision

6) Design of Early Warning System for Vehicle Abnormal Situation Based on Road Vibration

7) Anomalous traffic state data carly warning mechanism for self-driving vehicles

8) GIS road condition information update and rectification technology based on automatic vehicle sensing
data

The operation process 1s shown 1n Fig. 1.

The vehicle-to-infrastructure technology 1s the basis for comfortable driving. The purpose 1s to transmit the road

condition data collected by the road management department and other vehicles to the current vehicle, thereby



ouiding the vehicle to travel, and reducing the influence of vehicle vibration on the passenger driving experience
through speed control.

(1) The vehicle-to-infrastructure technology mainly relies on the geographic information system (GIS) database
and the short-range wireless transmission technology, as shown in Fig.2. Among them, @ is the power input of
the roadside infrastructure, 220V/110V AC voltage can be selected according to the actual system requirements;
@1s the network cable input, mainly to realize the connection between the roadside equipment and the remote
database; @ 1s the roadside communication facility, mainly including the data storage part and the short-range
wireless communication part; @ is the wireless communication link, the link 1s two-way communication; ®
indicates the wireless network coverage of the roadside communication facility, when the vehicle travels within
the range, the short-range wireless communication facilities are automatically connected to exchange data.
When the vehicle passes the range, the communication link 1s automatically interrupted; ® 1s the automated
vehicle; @ and ® are the road sections 1 and 2 respectively. The segmentation of the roads i1s based on the
layout distance of the adjacent two roadside communication facilities. The roadside communication facilities of
the urban road are arranged at each intersection. The communication facilities on the middle road of the
cxpressway are arranged at a distance of 1km. The arrangement of the distance can be approprnately adjusted
according to the actual tratfic conditions. In addition, the distance of the roadside communication facilities 1s
also affected by the short-range transmission device. For example, the coverage of the WIFI 1s large, the distance
between the two communication facilities 1s relatively long. On the contrary, the coverage of the RFID 1s small,
therefore the distance between the two communication facilities 1s small. During the layout process, it 1s
necessary to ensure that there 1s no overlap between the two communication coverages @ to avoid data
transmission aliasing, resulting 1n data failure. The communication process of the vehicle road communication
technology 1s: when the vehicle ® drives into the road section, the communication facility ® automatically
connects with the vehicle ® to perform data interaction. The communication facility will transmit the roughness
data of the ahead road section, abnormal pavement distress, accident information and etc. to the vehicle ®. At
the same time, the vehicle ® transmits the vibration information collected in the previous section to the
communication facility @, and synchronously updates the database through the wired network. When the
vehicle travels to the road section 2, 1t interacts with the new roadside facility, and the process 1s the same as

the road section 1.

As mentioned before, the short-range wireless transmission module 1n the roadside communication facilities
can adopt multiple technologies such as WIFI, ZIGBEE, and RFID. The ZIGBEE short-range wireless
transmission module 1s recommended 1n the urban road environment. Because the ZIGBEE module can realize
directional data transmission. Meanwhile, the communication connection time between the two modules 1s

millisecond, which provides sufficient communication time for data interaction.

The road conditions refer to road environment information including road surface quality, traffic flow, and
abnormal conditions. The road surface quality refers to the tlat curve of the road surface, the longitudinal slope
and pavement roughness. The abnormal conditions described therein refer to many road distresses such as pits,

misalignments, crowds, obvious ruts, speed bumps, and traffic accidents.

(2) The dnving comfort prediction model described above mainly establishes the relationship between the
driving comfort, the speed and the road conditions, and adjusts the driving speed of the vehicle to adapt to

different driving conditions, thereby satistying comfort requirements.



Drniving comfort detection and evaluation 1s the basis for the construction of prediction model. This patent uses
many three-axis acceleration sensors to measure the vibration at different positions 1n the vehicle, and uses the
power spectral density analysis method to calculate the root-mean-square acceleration (RMSA) as the indicator.
The weighting function 1s introduced by the international standard ISO2631. The weighted RMSA 1s used as an

index to evaluate the comfort of the automated vehicle. The specific technical process 1s as follows:

At first, we select the model and the make of the testing vehicle, and the three-axis acceleration sensors are
respectively mounted to the center of the backrest of the vehicle seat position, the center of the seat cushion,
and the center of the two feet. The seat selected for installation 1s the main driving position. The sensors 1n three

positions require to be fixed firmly to avoid additional sloshing.

The testing vehicle drives on the roads with different conditions to collect the three-axis acceleration mnside the
vehicle. In order to ensure the reliability of the calibration results, the road surface to be tested adopts a straight-
line segment of not less than 300 meters. The testing road roughness 1s Im/km, 2m/km, 3km/h, 4m/km, Sm/km,
6m/km respectively. The above six roughness values are all expected values, and may have certain errors when
actually selected, but 1t 1s necessary to ensure that the actually selected values belong to different roughness

intervals.

On the same road, the vehicles are driven at 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 km/h, respectively, to

record the vibration of the three-axis acceleration. The sampling frequency 1s 100 Hz, covering the human body

perception 0-80Hz. The range of the acceleration sensor is +8g (lg =~ 9.8m/s™). The comfort prediction

model processing flow 1s shown 1n Fig. 2.

Firstly, the autocorrelation function of the acceleration sequence in the time series 1s solved, then the power
spectral density function of the vibration 1s obtained by solving the Fourier transform of the autocorrelation

function:

S(@)=| R@e™d (1)

where, R (z) 1s the autocorrelation function of the vibration, S (@) 1s the power spectral density (PSD)

function of the vibration, ¢ 1s the angular frequency, and ; 1s the 1imaginary unit. Since the human body's
perception of vibration 1s similar between adjacent frequencies, but the difference 1s large in different frequency
bands, the one-third octave bandpass filtering 1s proposed to calculate the PSD of each band. Considering that
the effects of different frequencies on human comfort are not the same, a weighting value of each frequency

band 1s used to obtain the weighted RMSA, as shown 1n equation (2):

a, =13 o [ S, (Nd1” (2)

where a 1s the weighted RMSA, ui, i 1s the upper and lower frequency values of the i-th frequency band,

o 1S the weight of the i-th octave band, and f 1s the frequency. Given the influence of different positions, such

as the seat back, the seat cushion, the pedal position, and different axial directions, we calculate the integrated
weighted RMSA, as 1in formula (3):



a, =J2f @, -2, (B a1 ()

where, a 1sthe integrated weighted RMSA, «  1s the position weighting coefticient, m=1, 2, 3 respectively
represents the seat cushion, seat back and pedal position. A 1s the axial weighting coefficient, »=1, 2, 3

respectively represents the x, y, and z axis. a 1s the uniaxial weighted RMSA at the m position 1n the #

direction. Through the formula 1-3, the integrated weighted RMSA under different roughness sections and
different speed can be obtained as an index for evaluating the comfort, and the specific weighting values can
refer to the mternational standard 1ISO2631-1997. The tests under different speed are performed 3 times 1n cach
oroup, and the integrated weighted RMSA of 3 times 1s averaged as the comfort indicator.

Using comparative testing data, a multivanate linear regression was established with the comfort of the road
segment as the dependent vanable, the dniving speed and the international roughness index IRI value as the

independent variable, as shown 1n equation (4).

a =p-v+q-IRl -/ (4)

where, a, ndicates the integrated weighted RMSA, v 1s the driving speed, /R/ 1s the mternational

v

roughness index, p, ¢, [ 1s model parameters.

(3) According to the vehicle communication technology described in (1), the vehicle can obtain the road
roughness and abnormal conditions of the ahead road section from the roadside facilitics. The abnormal
conditions mainly indicate the pavement distresses that are difficult to detect, and their impact on safety 1s low,

but the impact on comfort 1s large, including: bridge approach settlement, pits, ruts, speed bumps, etc.

When the vehicle receives the data, 1t will analyze whether 1ts speed needs to be adjusted according to the
current road conditions and the current driving status of the vehicle. If the difference between the roughness of
the ahead road section and the current position 1s within 10%, and there 1s no abnormal condition, such as the

condition (5)

IIRIadv _IRInow
— < 10% &P =0
[R]

now (5)

where [R/[ , 1sthe value of the ahead road roughness, [R/,  isthe current road roughness, and P represents

whether the abnormal condition occurs. If the P 1s 0, the abnormal condition does not occur, and vice versa. If
the condition (5) 1s satistied, the vehicle speed does not need to be adjusted, and the speed upper limit obtained

according to the formula (4) can be continuously driven at a constant speed;

If the difference between the roughness of the ahead road section and the current position exceeds 10%, or there

1s abnormal condition, then enter the speed adjusting phase, that 1s, the condition (6) 1s satisfied:

]R[adv _IR]now
>10% || P =1
[R]

now (6)
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(4) Since the roughness of the road surface 1s constantly changing, in order to ensure the driving comfort
throughout the autonomous driving, the vehicle needs to continuously adjust the speed according to the road
information ahead. Thus, the speed change between the different sections, 1€ the acceleration and deceleration
processes, requires a comfort-based speed profile to ensure that the percerved comfort of the user remains within

a reasonable range during the whole process.

The driving comfort in the uniform driving phase 1s mainly determined by the vertical vibration. However, the
longitudinal (1¢ driving direction) acceleration changes due to acceleration / deceleration are also required to be
considered 1n the speed adjusting phase. Theretore, the speed change curve needs to ensure that the longitudinal
driving acceleration and the vertical vibration of the automated vehicle do not exceed a certain threshold during
the speed adjusting process to ensure that the total weighted RMSA 1s within the expected comfort value range
of the corresponding type of passenger. The velocity curve model based on the hyperbolic function 1s proposed
to adjust the vehicle speed. The hyperbolic tangent function model 1s shown 1n equation (7), and 1ts function

image 1s shown 1n Fig. 3.

b b
v=——tanh(k(r — p))——+v, (7)

2 2
where v 1s the target speed, vo 1s the current vehicle speed, b 1s the speed difference, p 1s the model constant, 7 1s
the time, and £ 1s the stability coetficient. Under the control strategy, the acceleration of the vehicle 1s shown 1n

cquation (8) and figure 4.

a, == (1= (anh (et~ p)))  ®)

where a 1sthe acceleration value, 1f the deceleration 1s too large during deceleration, 1t will also cause overall

discomfort. Therefore, 1t 1s necessary to consider the speed change of the deceleration process and the
longitudinal vibration generated by the roughness to ensure the overall vibration. The total weighted RMSA
does not exceed the comfort threshold of 0.63, as 1n (9)

JOw, max | a, )* +(w, -max| a, )’ <0.63 (9)

where, w, and w, are the weights of the deceleration and vertical vibration. @, means the RMS value of

the weighted acceleration 1n the vertical direction, which can be calculated based on the real-time speed and the
IRI of the pavement. By solving the above mequality (9), the upper limit of the value of £ can be derived. The
calculation process 1s completed 1n the automated vehicle with a center processor.

The hyperbolic tangent function (equation (7)) 1s shown i Fig. 3, and the process simulates the actual
deceleration behavior of the driver, that 1s, the deceleration 1s gradually increased when the deceleration

intention occurs, and the deceleration 1s gradually decreased at the end of the deceleration process, shown as an

anti-S type. In the figure, £, > k,, we can see that the curve £, is more gradual. In practice, the hyperbolic

tangent function described in equation (7) when the time approaches 0O, or infinity, the function dependent
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variable can only approach the v, and v, —) infinitely, but never reach it. Therefore, add a weak influence

cocthicient €= 0.01 during the speed generation process, that 1s, the mnitial speed 1s set as v, + & during the

calculation process. The deceleration time of the available vehicles 1s:

b ) — artanh( 0
1+ 2&

k

rtanh
aan(b

)
b+2¢& (10)

AT =

Theretfore, by solving (9) and calculating the £ value, generally 95% of the upper limit of the calculation result

1s taken as an implementation parameter, and the velocity generation curve can be determined according to the
formula (7).

When 1t 1s detected that there 1s an abnormal condition on the road ahead, such as the bridge approach settlement,
the speed curve of the abnormal condition 1s required. Under such abnormal conditions, a local obvious bump
1s mainly generated, resulting 1n a large degree of comfort reduction. Difterent from the roughness of the road
surface, the abnormal conditions of the road appear relatively random. In some cases, the vehicle deceleration
distance 1s short, 1t 1s necessary to effectively adjust the vehicle speed and reduce the mutual influence of the

deceleration process and the vehicle vibration.

The impact of abnormal conditions on comfort 1s mainly reflected i two aspects. One 1s the influence of the
change of acceleration itself on comfort, and the other 1s the influence of jerk change on comfort. During the
driving process, the expected acceleration jerk should not exceed 2.94m/s”. In the hyperbolic function shifting

process, the jerk 1s shown 1n equation (11).

O a _

Ot?

bk -(1—tanh2 (k(1 — p)))-(1=3 tanh2(k(f — p))) (11)

In order to ensure equation (11) < 2.94m/s’, then the £ should follow:
< 3.64

b

While ensuring the acceleration jerk within the acceptable threshold, 1t 1s also necessary to ensure that the

k

(12)

vibration acceleration under a reasonable range. In terms of vibration, the same control strategics as the speed
adjusting phase are used to lower the integrated weighted RMSA. The difference 1s that due to the random effect
of abnormal conditions, the vehicle may not have enough deceleration distance to design the optimal
deceleration curve. Therefore, the model parameters (£ and b) are obtained by solving the following nonlinear

optimization equations, as shown 1n equations (13)-(16).

mina :\/(wk -a,)’ +(w,-max|a,|)* (13)

S 1.

5123(v0+5)-artanh( & )Ib+2gln( - )
k b+2¢ 2k b+e (14)
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v, —b=>0(15)
b,k >0(16)

where s, indicates the distance of the automated vehicle from the nearest abnormal condition, 1f the distance

1s long, the constraint (14) 1s an mvalid constraint, and the process of solving the k value 1s the same as the
speed adjusting phase; 1f 1t 1s small, the nonlinear optimization equation 1s required to derive the best

combination of £ and 5. Then the speed profile can be generated by equation (7).

In practice, the lower threshold of the solutions of mequality (9), inequality (12) and nonlinear programming
(13)-(16) 1s selected as the final model parameter, so that all three situations meet the driving comfort

requirements.

(5) The above-mentioned machine 1s a pavement friction performance detection system, which 1s mainly
cquipped with a self-stabilizing high-definition camera and a laser focusing device on the vehicle, and 1s
installed at the middle of the two front lights of the vehicle. The lens 1s placed downward, and the length from
oround 1s not below 10cm. The laser focusing device (external/built-in) assists the camera to move the focus,
ensuring the accuracy of photo shooting. The self-stabilizing high-definition camera takes a sampling frequency
of 0.5Hz and the pixel requirement 1s not less than 800* 1200 pixels. At the point, the collected dynamic photos

are transmitted to the vehicle terminal through a wired connection. The specific operation process 1s as follows:

In the vehicle terminal, each photo 1s converted into a local binary method (LBP) into an LBP matrix form,

and the local binary method mainly includes:

(5.1) Extract any point in the image, and select 9 pixels around 3 %3, with the window center pixel as the
threshold, compare the gray value of the adjacent 8 pixels with 1t. If the surrounding pixel value 1s greater than
the center pixel, the value of the pixel 1s marked as 1 and O otherwise. In this way, 8 points in the 3*3
neighborhood can be compared to produce an 8-bit binary number (usually converted to a decimal number, that
1s LBP value, a total of 256), that 1s, the LBP value of the center pixel of the window 1s obtamned, and this value

1s used to reflect the texture information for this arca. As shown below:

(5.2) Convert the LBP bmary matrix into a decimal number 1n a clockwise order, and select the 12-point

direction 1n the first place. The calculation formula 1s as follows:

P
LBP(x,,y.)= ) 2""s(i,~i,)
p=l

In the middle

LBP(x.,Y.) LBP value at position

P = pth adjacent point

1, = grayscale of the pth adjacent point
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I, = grayscale of the middle element

§ = S(i)zl,ifandonlyif 120 - or other, s(1)=0

(5.3) After calculating the LBP values of all the elements 1in the picture, draw a histogram and count the
probability density of cach component, where the abscissa 1s 0-256, which 1s the decimal value of LBP, and the
ordinate 1s the probability density function, for M The calculation formula of MxN 1mage processing 1s as
follows:

H (k) = ii F(LBP(m.n).k), k<[0.K],

m=1 n=1

(—"

I, LBP =k
J(LBP k) =+ .
0, otherwise

In the middle

H(k)_ LBP histogram of the image

K = maximum LBP value, no more than 256

The frequency histogram has 16 statistical units, that 1s, the groups are 0-16, 17-32, 33-48, . . ., 241-256, as
shown 1n FIG. 3;

(5.4) Calculate the LBP histogram fitting parameters described m the step (3) based on the mixed Gaussian

distribution model. The Gaussian distribution model 1s as follows:

P(y|0)= Za’jqﬁ(y 0))

#(3]0) =1/N27 & exp

(-u) 2o

In the middle

P(y ‘6’) = Probability density function of mixed Gaussian distribution PDF

&

/= vector characterizing the unknown parameters of the jth component

o . . - '
/- =the coefficient of the jth Gaussian component quantity,
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s(¥)0,)_

Gaussian probability density function of the parameter

J = number of mixed Gaussian distribution components

e, , ) = variance and mean of the 1th Gaussian component
The mixed Gaussian distribution contains three positional variables: the coefticient of cach Gaussian
component, the mean of cach Gaussian component, and the variance of cach Gaussian component. The model
parameters can be solved by the EM algorithm. The results are shown 1n Figure 4. Figure 4 shows the mixed
Gaussian distribution model morphology on different anti-sliding performance parameters (BPN), where the
higher the BPN, the better the anti-sliding performance. The mean, variance and coefficient of two Gaussian

functions 1n the mixed Gaussian distribution can be obtained by the method described 1n the step (4).

(5.5) Feature recognition based on support vector machine. The model parameters described 1n step (4) are input
into the support vector machine model, and the actual measured road surface anti-ship performance results are
used as training targets, and model training 1s performed to create a multi-dimensional support vector machine
model. In practical applications, the image can be subjected to the above (1)-(4) step processing 1n real time,
and the support vector machine model of step (5) can be used to quantitatively classity the road surface anti-
shding performance, and the calculation result feedback To the unmanned vehicle computing side to assist

driving decisions.

(6) The pre-sensing system design of the vehicle abnormality based on road vibration 1s mainly based on the
spectrum analysis of the road surface vibration to realize the classification of the vehicle load condition. When
the vehicle overload phenomenon 1s detected, 1t 1s considered that the vehicle abnormality occurs and 1s
accompaniced by the occurrence. The risk of an accident. The road surtace vibration described therein refers to

the Z-axis (vertical ground-up) acceleration of the road surface.

The relationship between road vibration and vehicle load condition 1s the basis for the early perception of vehicle
abnormal conditions. The present invention uses a three-week acceleration sensor to measure the acceleration
information of the road surface by road test, and uses power spectral density analysis and frequency band
division to measure different vehicle passing. When the energy distribution of the road vibration 1s used, the
support vector machine method 1s used to quantify the distribution of the energy of the road vibration under
difterent frequency bands when the vehicles of different load classifications pass. The specific technical process

1s as follows:

The test section 1s selected, and the three-week acceleration sensor 1s placed at 10 cm along the roadside
principle road. The fixed sensor ensures no additional sloshing, and the measured data truly reflects the road

vibration. The specific placement position 1s as shown:

In the model establishment stage, 1n addition to obtaining road surface vibration information, 1t 1s necessary to
obtain the load information of the passing vehicle through video surveillance. Mainly completed: vehicle load
information acquisition, road vibration data extraction, power spectrum analysis of road vibration data,
distribution calculation of vibration energy 1n different frequency bands, and support vector machine calculation

of vehicle load and energy distribution relationship model.
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After getting the vehicle through the video, you need to complete the following three steps:

1. time axis alignment

The time axis alignment mainly performs the corresponding work of the vehicle elapsed time and the vibration
data ttme. Since the road vibration 1s the response of the system on the road surface under the excitation of
different driving loads, 1t 1s necessary to align the time axis to ensure that the analyzed vibration data segment

1s the data generated by the vehicle.
2. mterference removal

The vehicle abnormality pre-sensing system based on road vibration 1s to analyze the abnormality of the vehicle
by genecrating road vibration and then passing the road vibration, so 1t 1s necessary to remove all non-vehicle

vibrations 1n the video. Such as: pedestrians, mopeds, etc.
3. Vehicle screening

Sclecting vehicles with different loads based on the video content, obtaining the specific time of the vehicle and

corresponding to the vibration data, and then performing the next vibration analysis

For the acquired road vibration information, taking the second of the vehicle as the center, select 4s as the
window function to obtain the truncation function f+(t) of the vibration function f(t), which can be expressed

dS.

Calculating the power spectral density for the truncation function can be obtained:

_ i [FT(@) |
p(w) = lim L2 (22)

Where Fr(w) 1sthe Fourier transform function of the vibration function and w 1s the angular frequency.

On the basis of obtaining the power spectral density of the vibration data, 1t 1s divided mto 10 segments
according to the vibration frequency, and respectively calculate 0-10 Hz, 10-20 Hz, 20-30 Hz, 30-40 Hz, 40-50
Hz, 50-60 Hz, 60. -70Hz, 70-80Hz, 80-90Hz, 90-100Hz energy of the ten frequency bands, such as the formula:

Er=[", fA®)dt =—["" |Fr(w) Pde  (23)

Using the calculated distribution of vibration energy 1n different frequency bands, the support vector machine
1s used to establish the relational model. The energy ratio of the 10 frequency bands 1s the independent vanable,
and the vehicle load 1s classified as the dependent vanable. Thereby, the vehicle load classification based on the

road vibration data 1s realized.

On the basis of obtaining the vehicle load classification model, the system designed the early sensing function
of vehicle abnormal conditions. The road vibration information passing through the vehicle 1s calculated 1n real

time by arranging a three-axis acceleration sensor on the road side. When the detection finds that an overloaded
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vehicle has passed, the system records the vehicle information and the transit time, and transmits the abnormality

information to the central server and the abnormal vehicle.

(7) According to the comfort speed curve parameter optimization in (3), the specific change curve of vehicle
speed 1 the case of known road information can be obtained, so as to ensure that driving comfort 1s within a
rcasonable range. For automated vehicles, the road information ahead 1s the basis and premise of all operational
changes 1n 1ts operation. So vehicles need to get as much comprehensive road mformation as possible and as

quickly as possible.

The specific details of vehicle-road communication are detailed in (1) above, which mainly involves the data
base of road information database and the transmission of road information. However, road driving 1s a process
with highly random changes. Abnormal traffic conditions may occur at any time. Once occurring, a stable and
rapid transmission mechanism 1s needed to realize the transmission and release of abnormal condition

information.

Abnormal traffic condition warning mechanism includes three parts: the first one 1s timely discovery after the
accident; second 1s timely release of accident information; third, the timely termination after the completion of

accident treatment.

When there 1s an accident on the road, the premise of releasing the accident information timely 1s to be able to
find the accident 1n a timely manner. However, the detection of any passive warning mechanism will be later
than that of the vehicle 1n accident itself. The existing accident warning can be divided mto two categories. One
1s to realize real-time detection of the highway itself and surrounding environment based on a large number of
monitoring. The second kind adopts the method of combination of qualitative and quantitative methods to
describe, track, analyze and forecast the development trend of highway traffic safety. Firstly, a highway accident
warning index system that can comprechensively evaluate the development status of tratfic accidents 1s
cstablished. And then the data from statistical departments or mobile phones are used to calculate the indexes.
On the basis of quantitative and qualitative analysis, the development and change trend of road traftic accidents
can be evaluated comprehensively. When most indexes are close to the warning line, an alarm should be
triggered. However, these methods are based on a large number of real-time monitoring and are only used 1n a
few highways, which 1s difficult to popularize. In addition, the existing dynamic accident waming finds the
accident by finding the change of state of the road after the accident occurs. The judgment standard 1s the
situation after multiple vehicles are affected by the accident, but 1f each vehicle can release imformation

automatically, the accident can be detected and the accident information can be uploaded 1n the first time.

After abnormal traffic conditions occur, timely release can enable subsequent drivers to take evasive measures
or change routes 1 advance, thus reducing the possibility of secondary accidents. There are eight ways to release
emergencies: traffic broadcast, speed limit sign, variable message board, Internet, on-board terminal, short
message platform, roadside broadcast and public information terminal. Traffic information broadcast has the
advantage of arca wide, wide influence, simple technology, mature, easy to promote. However, dynamic change
for the traffic on the time and place 1s difficult. The advantage of speed limit sign 1s that the driver 1s familiar
with the speed limit sign and can control the speed flexibly. But the speed limit sign information only applies to
a particular section of a highway. Variable information board can be understood easily and can provide the whole
service level of road network and the information such as travel time. But the information provided 1s Iimited,

not suitable for the network environment. The information released by the Internet 1s large, and updated timely,
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which can meet the different needs of drivers. However, the network and computer terminals are required to
rclease information, which 1s limited. The on-board terminal provides large amount of information and 1s highly
targeted. It can provide information according to the needs of drivers, but i1ts mvestment 1s large. The short
message platform has a large amount of information and can provide information according to the needs of
drivers, but 1t has a certain impact on driving satety. Roadside broadcasting can tell drivers the reason of speed
limit. And drivers will pay more attention to this speed limit. But the mitial investment 1s large, and the
maintenance cost 1s high; The public information terminal has a large amount of information and 1s updated 1n
a timely manner, but 1t belongs to the information release before travel, which 1s of limited help to drivers on
the road.

This patent proposes an early warning mechanism for abnormal traffic conditions of automated vehicles. He

can achieve early detection, carly release and early resolution of accidents.

When the accident occurs, the on-board warning system can detect the accident in time through the sensor, then
the accident situation, vehicle information, accident time and vehicle GPS information are packaged and stored
as an accident data label. At the same time the vehicle m accident begin to search the surrounding data recervers.

There are three situations during data transmission:

Category 1: the accident vehicle 1s near the beginning or end of road section. At this time, the accident vehicle
1s within the transmission range of roadside communication equipment. The accident vehicle can upload the
accident information stored in the vehicle to the database of road information through ZIGBEE. Then this

accident information can be released rapidly. As shown m Fig. 3.

Category 2: the accident vehicle 1s not within the transmission range of the roadside communication equipment,
that 1s, the accident vehicle cannot directly upload the accident information to the database, but there are other
vehicles nearby, as shown 1n Fig. 6. At this point, the RFID technology 1s used to transter the small-capacity
accident information label to the surrounding vehicles. Then these vehicles can then transfer accident
information to the surrounding vehicles, so that the accident information can be passed away. RFID technology
can automatically identify target objects and acquire relevant data through radio frequency signals.
Identification work does not require manual intervention, and 1t can work 1n various harsh environments.
Vehicles that obtains accident information through RFID begin to search for roadside communication equipment
at the same time of transmitting information. If the information 1s within the transmission range of roadside
communication equipment, the information will be uploaded to roadside communication equipment and the

transmission will be terminated.

Category 3: when the accident vehicle 1s not within the transmission range of the roadside communication
cquipment and there 1s no other vehicle nearby (default: the accident vehicle loses mobility here), as shown 1n
Fig. 7. The accident vehicle keeps the accident information label and constantly searches, transmitting the

accident information immediately when the acceptable equipment 1s found.

By means of the above methods, the accident information can be quickly uploaded to the database of roadside
communication equipment. Then, by means of vehicle-road communication technology, the accident

information 1n the database can be sent to the vehicles i the road.

Among the vehicles which have received accident information, there are two categories. One 1s the vehicles that

have not reached the starting position of the section when the database updates the accident information. Such



18

vehicles can obtain the accident information through vehicular communication and take evasive measures.
Sccondly, when the database updates the accident information, the vehicles and then enter this road section. The
updated accident information 1n the database cannot be obtammed through the roadside communication
cquipment. Therefore, this kind of vehicle needs to obtain accident information through the vehicle-vehicle
RFID communication technology 1n the section 1n order to take evasive measures 1n advance. As shown 1n Fig.
9, where © is the first type of vehicle, the (@) is the second type. In this way, the accident information can be
transmitted to every vehicle that 1s about to pass through the accident section, to avoid the occurrence of a sernial

accident.

It 1s equally important to remove the warning information as soon as the accident site 1s processed. When the
vehicle passes the road section marked with accident information, the data obtained by 1n-car sensors has little
difference with that in the normal driving state, which indicates that the accident site has been restored. The
disarming mark 1s then added 1n the accident information label received. The same mechanism can be used to
upload the accident cancellation information to the roadside communication device to realize the early warning

cancellation.

In addition to traftic accidents, there are other abnormal traffic conditions such as disaster weather and traftic

congestion.

The current discrimination of traffic congestion mainly depends on the i1dentification and processing method.
And the discrimination 1s based on the acquisition of traftic statc parameters. The congestion discrimination
lags behind the detection of traffic state parameters, and the accuracy of congestion discrimination 1s atfected

by the accuracy of relevant parameters.

When the road 1s congested, the speed and braking of the vehicle traveling on the road will change. The change
of these states can be recorded by the in-car sensors, and the comprehensive processing can analyze the driving
statc of multiple vehicles on the same road section to judge the congestion state of the road. The rapid release

of tratfic congestion can be achieved by using the abnormal trattic state transmission mechanism of this patent.

Based on the abnormal traffic condition information transmission mechanism 1n this patent, rapid detection and
timely release of abnormal trattic conditions such as traffic accidents, severe weather and trattic congestion can

be realized, as shown in Fig. 16:

(8) The data acquired by the GIS svstem has error, and the vibration data acquired by the vehicle traveling on
the road can update and correct the GIS road condition information. The sensor placed 1n the car can record the
vibration data during the travehng m real time. Through the analysis of the vibration data. the condition
information of the drnving road surtace can be effectively restored. Therefore, the low-power short-range
wireless transmission ZIGBEE fechnology can be utihized at the end of the road segment. The vehicle transmuts
the vibration data to the central processor to restore the measured road condition information, and compares and
filters the intormation collected by the plurality of vehicles to realize the update and correction of the (G115 road

condition information.

in (1), we talked about the realization of the road commumication technology through the roadside
communication device. At the beginning of the road section, the roughness of the ahead road section, abnommal
road distress, accident mformation, ctc. are released to the vehicle, and the vehicle 15 mstructed to calculate the

driving parameters m advance. Includes speed. direction, etc. The miormation such as the roughness of the road
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s¢ction and the abnormal road surface distress 15 a database established by the geographic information svstent

(15} to combme the road information collected with the spatial map.

The processing accuracy and update speed of GIS are hmited. However, the performance of the road 1s
constantly changing. Pavement performance 15 a technical term with 3 wide coverage. It refers to various
technical pertormances of the road surface, such as road dnving guahity, distress condifions, structural
mechanical response, driving safety, and fatigue. deformation, cracking. aging. and surface scattering of
pavement matenals. It 15 a term that reters to the vanous techmcal performance of pavements and maternials.
These pertormances of the pavement cover two aspects, one 1s the funchionality of the pavement, which
describes the performance of the pavement, such as the driving guality of the pavement {(driving comfort} and
driving safety; on the other hand, the structural nature of the pavement, wiuch describes the structural condition
{potential) of the pavement, such as the distress of the pavement, the mechamical response of the structure, and
s on. In fact, these two aspects arc not isolated, but have an mitrnsic connection; the change in the condition
of the pavement structure is the minnsic reason for the change of pavement function. {orresponding to
functional pertormance and structural performance, road distress 1s aiso divided mto functional distress and
structural distress. The tormer refers to surtace distress that atfects road surface driving guality and drniving
safety, and the latter refers to distress that atfccts the structural charactenstics of the road surface. The types of
distress such as buffing, pothole and bleeding mainly affect the safetyv and noise characteristics of the road

surface, while the cracks, pits and deformations, and the uncvenncss of the project atfect the dnving comifort of

the road surface. As the road surface usage time and the number of load actions mcrease, the structural condifion
of the road surface will continue to detenorate. The deternorating structural condition will be reflected n the
service level of the road surface, resulting i the continuous declhing of the tunctional charactenstics of the road

surface.

The contimuous dechne of pavement functional charactenstics means the contmucus change of pavement
mtormation. The core of urban geographic mformation system {GIS) 1s data. The real-time nature of geographic
information data 1s one of the tmportant indicators to measure its value. Real-time, accurate data 1s vital, but the
status quo of data updates 1s not opttmistic. According to statistics, the update rate of global topographic maps

O/

does not exceed 39,

There arc three types of existing urban basic geographic information update data sources: 1. Update the
ocographic information data according to the existing planning map. Corresponding updates to the geographic
information database arec made on the computer against the changes 1n the plan. Before the final confirmation
of the results of the change, indicate "under construction” 1n the corresponding location of the electronic map.
In addition, the road maintenance and repair department will also greatly change the road condition mformation
for the maintenance of the road. After the maintenance, the road maintenance and maintenance department will
provide the specific information of the maintenance to update the information of the database system. This
requires information synchronization between the planning department and the database system. 2. Use
photography and remote sensing data. In recent years, extremely high-resolution remote sensing data has
become an important data source for urban GIS data collection and update. A typical example 1s the successtul
application of photogrammetry and remote sensing 1n land use dynamic monitoring. For key arcas 1n the city
where human activities have a large impact and the environment changes rapidly, regular and irregular pre-
purchase of high-resolution remote sensing images (such as Quickbird) can be used to solve the problem.

Relatively speaking, the cost 1s not high. And low-altitude platform remote sensing technology can also be used
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to get information. In general, image data has gradually become the main data source for basic geographic
information update, but the rapid update of massive geographic information has not been resolved. 3. Use digital
mapping, that 1s, conventional mapping methods. With the continuous development of social economy and high
technology, measurement technology has gradually changed from ground to air. Advanced technologies such as
acrial photography, satellite remote sensing, and GPS positioning are gradually becoming the mainstream means
of data acquisition. However, 1in a small period of time, sporadic digital surveying still will play an important
role 1n daily retesting and updating of geographic information data. As far as the current level of urban economic
and technological development 1n China 1s concerned, not every city can use acrnial photography and remote
sensing. Ordinary small and medium-sized cities have to rely on surveying and mapping means to complete the
data update of geographic information systems. For some common ordinary projects in the city, such as road
reconstruction, community building, pipeline construction and other data updates, the conventional mapping

method can show its flexibility and convenience.

In addition, the accuracy of data measured by GIS has not yet met the requirements required for the calculation
of comfort for automated vehicles. It 1s recognized that its data accuracy includes position accuracy, attribute
accuracy, time precision, and position accuracy 1s one of the important evaluation indexes of GIS data quality.
The rescarch object of vector GIS data position accuracy 1s mainly the geometric precision of points, lines and
surfaces. The errors of these data are mainly derived from the errors of the basic data in the GIS database and
the errors generated 1n the various steps of establishing the GIS database. Therefore, this patent proposes a GIS
system data rectification mechanism based on vehicle sensing data to compensate for the lack of accuracy of

the original database data, thereby more accurately ensuring driving comfort.

As mentioned above, the traffic management department assigns measured road distress, road conditions, and
abnormal tratfic information, etc., to the GIS layer through GPS tags. However, there are errors in GPS
positioning measurements. During GPS measurement, the ground receiving device receives the signal
transmitted by the satellite, calculates the pseudo distance between the ground recerving device and the plurality
of satellites at the same time, and uses the spatial distance resection method to determine the three-dimensional
coordinates of the ground point. Theretore, GPS satellites, satellite signal propagation processes, and terrestrial
receiving equipment can cause errors in GPS measurements. The main sources of error can be divided into
crrors associated with GPS satellites, errors associated with signal propagation, and errors associated with

receiving equipment.

Errors associated with satellite imnclude satellite ephemeris errors, satellite clock errors, SA interference errors,
and relativistic effects; errors associated with propagation paths include 1onosphere refraction, tropospheric
refraction, and multipath effects; errors associated with GPS receiver include receiver clock error, receiver

position error, and receiver antenna phase center deviation.

With the technical support of the road communication, thousands of vehicles can become the data source of the
database system. The on-board sensor can obtain data such as vibration and friction of the vehicle during driving,
and these data are road condition response on the vehicle during a certain speed and direction driving. Through
the response and the influence mechanism, the mput of the road condition can be restored, thereby more

accurately restoring the road condition information.

Through the vibration information retumed by the vehicle at the end of the road segment, the central processing

urtit processes and restores the road surface information during the traveling of the vehicle, thereby updating
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and correcting the orngmal database data. The main operation consists of three parts: addmg pavement

miformation, deleting pavement imformation and moditying pavement information.

Adding pavement information occurs when the vehicle acquires the road surface information 1n the road section
before entering the road section to make a driving plan. When an unexpected vibration or response occurs, 1.€.
the information that does not appear 1n the database occurs on the road surface, and the vehicle records the
response at this time. And the vehicle position information 1s uploaded to the roadside communication device

at the end of the road segment as the added data information.

Deleting pavement information occurs when the vehicle acquires the road surface information in the road section
before entering the road section to make a driving plan. When the vehicle travels i a position where the response
should occur but does not occur, 1.¢., the original information of the database disappears 1n the road surface. For
example, distress such as cracks 1n the road surface was repaired due to the maintenance of the road maintenance
department. At this time, the vehicle record response and the vehicle position information are uploaded to the

roadside communication device at the end of the road segment as the cut-down data information.

The vehicle obtams road miormation at the beginning of the road segment to plan the calculation of the speed
and dircction of travel The vehicle's own response K also changes when the road miormation changes. H the

difference between dniving and cxpected response 1s within 10%, such as condition {17}

[Rexp=Rnowl < 10% (17)
RHOW
In the formula, R,,, 1s the actual response measured when the vehicle passing, and R,,, 1s the response
measured when the vehicle passing the original road information condition. If the condition (17) 1s satistied, 1t

1s understood that the influence of the vehicle's own factors 1s not included 1n the road information change.

If the difference between the measured response and the expected response exceeds 10%, that 1s, the condition
(18) 1s satisfied, indicating that the change of road mmformation 1s identified d by the vehicle and needs to be

updated or corrected.

Bexp~nowl > 10% (18)
now

When the vehicle passes through and discovers that the road surface information changes, the vehicle
information, the response information, and the GPS information are immediately packaged into data labels,
which are defined as road surface information updates, and the packaged data 1s transmitted to the database
system when 1t 1s driven 1n the transmission range of roadside communication facility. When the system finds
that more than on¢ vehicle uploads update information at the same location, the response information 1s
processed to restore the road information and update to the database system. Thereby, the GIS road condition

information update and rectification based on the automated vehicle sensing data 1s realized.

However, due to the error in GPS positioning, the positioning data 1s different when the vehicle passes the same
position. Therefore, this patent introduces a position matching degree to solve the problem of maccurate
positioning accuracy. The position matching degree 1s defined as the degree of probability that an object
corresponding to two different GPS positioning information 1s 1n the same position in the environment. It can

be seen that the closer the two GPS positioning information 1s, the greater the probability that the corresponding
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object 1s 1n the same position 1n the real environment, and the higher the position matching degree. The specific

location matching formula 1s calculated as follows:
— e_(61_82)2(26)

In the middle:
€ 1s the position matching degree;
01 1S the GPS positioning information of the first object;

0, 1s the GPS positioning information of the second object;

The cumulative matching degree refers to the probability that an object corresponding to a plurality of different
GPS positioning information 1s 1n the same position 1n the real environment. The cumulative matching degree

of n objects 1s calculated as follows:
e, = e Zi=2(61-62)°  (27)

i Description of attached drawingsi

tigure 1 shows the schematic diagram of road surface shp resistance;

figure 2 shows the mechanism diagram of the roadside communication device;
tigure 3 shows the calculation flow chart of the comifort prediction model;
figure 4 shows the velocity change curve of the hyperbolic tangent function;
Figure 5 shows the acceleration vanation of the hvperbolic tangent function;
figure 6 shows the machine vision mspection road surface anfi-shding pertormance tiow chart;
tagure 7 shows the LBP solution process diagram;

figure 8 shows the LBP statistical histogram diagram;

figure Y shows the mixed Gaussian distribution diagram;

figure 10 shows the three-axis sensor placement position diagram;

figure 11 shows the scene diagram of the accident vehacle at the beginming and end of the road section when

the accident ocours;

Figure 12 18 the scene diagram of the accident vehicle that can search other vehicles when the accident occurs;
figure 13 18 the scene diagram of the accident vehicle that cannot search other vehicles when the accident occurs:
figure 14 shows the accident information fransmaission mechanism diagram;

figure 15 shows the scene diagram of the dnving position of the vehicle receiving the imformation when
receiving the accident mformation;

figure 16 shows the flow chart of rapid release of abnormal trathic status mtormation;
{E.xample]

According to the requirements of the patent description, the vehicle road communication equipment 1s arranged:
the arrangement interval of adjacent equipment 1s 1000 meters, and the roadside communication equipment
includes the roughness and abnormal data of the ahead road section, and the international roughness index value
IRI of the test section1s 1.2m/km and 2.7m/km, and there 1s a bridgehead jumping position 1n the second section
of the road. The distance of the roadside communication facilities 1s 100 meters, and the speed limit of the road
section 1s 70km/h. After the vehicle travels to the control section, the road surface condition data 1s received,

and a comfort-based speed control strategy 1s performed.
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Step 1 Determine 1f the vehicle 1s 1n safe driving state.

The environmental information collected by the sensors, cameras and probes of the self-driving vehicle 1s used
to generate a safe speed curve by using the conventional technology. Since the tflow rate of the road section 1s

low, the test vehicle can use the highest speed limit for full speed running, that 1s, the vehicle speed 1s 70 km/h.
Step 2 Auto-driving vehicle current comfort judgment

According to the correlation between driving comfort, vehicle speed and roughness IRI obtained by formula (4),

the driving comfort 1s predicted as follows:

a =0.008-v+0.298- IR —1.246

The calculated weighted the root-mean-square acceleration value is 0.3412 m/s®, which satisfies the comfort

requirement that less than 0.63 m/s*, so the vehicle can continue to travel at 70 km/h
Step 3 Speed strategy under changing road conditions

When the vehicle enters the second road, the roadside communication system will send the roughness and
abnormality of the road ahead to the vehicle. When the vehicle receives a roughness of 3.7 m/km and there 1s a

bridgehead jump, Speed changes are made to ensure driving comfort.

After the comfort calculation, 1t was found that the weighted root-mean-square acceleration was 1.9087 m/km

at a roughness of 3.7 m/km, which exceeded the upper limit of comfort. Therefore, 1t 1s necessary to reduce the

speed to ensure comfort. If the degree is within the range, i.e. @, <0.63m/s”, then the calculated speed can not

exceed 55 km/h, and the 6 value 1s 70-55=15 km/h.

. 7.2-/0.3969 — (w, - (0.008 - v, +0.298- IRl —1.246))’

b-w,

In the formula, w, =1,w, =0.8, and the comfort upper limit of the £ value obtained by the formula (9) 1s 0.3712.

On the other hand, 1n order to prevent the jerk from exceeding the comfort limit, the comfort upper limit of the

k value can be obtained by the formula (12) to be 0.9400, so the £ value of the hyperbolic curve 1s selected to
be 0.3712*%0.95=0.3526.

In addition, due to the close distance of the bridgehead, the deceleration distance 1s only 100 meters. According

to GIS, the physical characteristics of the bridgehead will cause the vibration of the vehicle to be:

a,=0.5621-¢""7 e

Substituting the above formula into the nonlinear programming, the optimal £ and 5 values of the hyperbolic
tangent function can be obtamed, 5=31.05 km/h, /= 0.6762. Theretore, the automated vehicle will achieve the
best comfort by reducing the speed to about 39 km/h by a hyperbolic tangent function of k=0.6762.
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CLAIMS

1.

A comfort-based self-driving planning method, the method comprising the following steps:

a) Establishing a prediction model between vibration type pavement condition and driving comfort,
based on type of vehicles, including:

al) A plurality of three-axis acceleration sensors are mounted 1n the vehicle of selected model and
make:

a2) Said vehicle 1s driven at different speeds on testing roads, respectively, to record vibrations;
a3) Integrated weighted root-mean-square acceleration RMSA 1s calculated, as a comfort indicator;

a4) Using comparative testing data, a multivariate linear regression is established with comfort of

road segment as a dependent variable, driving speed and international roughness index IRI value
as an independent variables;

b) Obtaming road conditions, mncluding road IRI, road surface anti-sliding performance, and abnormal
conditions;

¢) Using said road conditions to guide said vehicle to travel;

d) Designing an acceleration process, a deceleration process and a uniform speed process, to generate
a speed curve;

¢) Optimizing said speed curve.

A method according to claim 1, wherein the said testing roads 1n step a2) should meet the following
conditions:

a21) Said testing roads are straight-line segment of not less than 300 meters long;

a22) The road roughness of said testing roads 1s Im/km, 2m/km, 3km/h, 4m/km, Sm/km, 6m/km
respectively.

A method according to claim 1, wherein methods to obtain road conditions include:

bl) obtaming the following road condition information: measured road distress, road condition,
abnormal traffic information, and road surface anti-sliding performance;

b2) assigning GPS tags to said road conditions;
b3) assigning said road condition information to GIS layers through GPS tags:;

b4) via vehicle road communication technology, said road condition information 1s passed to automated
vehicles:

b5) vibrations are detected by said automated vehicles using m-car sensors;
b6) said vibrations arc uploaded to GIS database via vehicle road communication technology:

b7) said vibrations are analyzed, and road condition mformation in GIS database 1s updated and
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corrected.

A method according to claim 3, wherein said road surface anti-sliding performance 1n bl) 1s obtained
through the following sub-steps:

bll) photos of the front road are obtained by cameras on automated vehicles;
b12) each photo 1s converted into a local binary method (LBP) into an LBP matrix form;

b13) after calculating LBP values of all elements in each photo, a histogram 1s drawn, and LBP
histogram fitting parameters are calculated, based on mixed Gaussian distribution model;

b14) obtaining road surface anti-shiding performance.

A method according to claim 3, wherein the step in b4) includes the following sub-steps:
b41) wireless transmission facilities are arranged along roadside at a distance of 1km;

b42) said wireless transmission facilities include a data storage part and a short-range wireless
communication part; said data storage part stores road condition information with GPS tags;

b43) when an automated vehicle travels within the range of wireless network coverage of a roadside
wireless communication facility, said roadside wireless communication facility 1s automatically
connected to said automated vehicle, said road condition information 1s passed to said automated
vehicle.

A method according to claim 3, wherein step b7 includes two conditions:

b71) when a vibration beyond expectation 1s detected, recording the position of this vibration as a

temporary data to be confirmed; 1f position matching degree 1s greater than 2.1, then add this data to
GIS database:

b72) when a vibration within expectation 1s not detected, recording the position of this vibration as a

temporary data to be deleted; 1f position matching degree 1s greater than 2.1, then delete this data from
GIS database.

A method according to any of claims 1 to 6, wherem the speed curve mn step d) 1s obtained by the
following method:

When the differences of IRI between ahead road section and current position 1s less then 10%, and there
1S no abnormal condition, said speed curve 1s of constant speed; and

Said speed curve 1s of hyperbolic tangent function, which mcludes two parameters: speed difference
value and smooth parameter, the speed difference value 1s the difference between the current speed and
the speed corresponding to the target comfort.

8. A method according to claiom 7, wherein the differences of IRI between said ahead road section and
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said current position 1s greater than 10%, but there 1s no abnormal condition, the smooth parameter
stability coetlicient 1s calculated as follows:

el1) calculating maximum acceleration the maximum LBP value (K) ;

¢12) calculating the comfort under current speed, based on said prediction mode;

¢13) calculating the weighted RMSA of maximum acceleration and comfort, so that said comfort 1s less
than the comfort threshold; calculating the range of stability coefficients; said stability coefficient
equals to the maximum of the said range of stability coefficients.

A method according to claim 7, wherein the differences of IRI between the ahead road section and the
current position 1s less than 10%, but there 1s abnormal condition, the smooth parameter stability
coetticient 1s calculated as follows:

¢21) calculating acceleration jerk, ensuring the acceleration jerk 1s within the acceptable threshold:;
calculating the range of stability coetlicients:

¢22) calculating maximum acceleration; establishing a nonlinear optimization equation, based on said
prediction mode and the distance of the automated vehicle from the nearest abnormal condition; and
calculating the range of stability coeflicients;

¢23) comparing the two ranges of stability coefticients in e21) and €22); said stability coetticient equals
to the maximum of the said two ranges.

A method according to claim 7, wherein the differences of IRI between the ahead road section and the
current position 1s great than 10%, and there 1s abnormal condition, the smooth parameter stability
coetlicient 1s calculated as follows:

¢31) calculating maximum acceleration; calculating the comfort under current speed, based on said

prediction mode; calculating weighted root-mean-square of maximum acceleration and comfort, so that
1t 1s less than comfort threshold; calculating range of stability coefficients, the maximum of which 1s
the first coefficient:

¢32) calculating the acceleration jerk, so that 1t 1s less than acceleration jerk threshold; calculating range
of stability coefficients, the maximum of which 1s the second coetficient;

¢33) calculating maximum acceleration; establishing a nonlinear optimization equation, based on said
prediction mode and the distance of the automated vehicle from the nearest abnormal condition; and

calculating the range of stability coetlicients, the maximum of which 1s the third coefficient;

¢34) said stability coefficient equals to the maximum of the three coefficients in €31), €32), and €33).
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