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(57) ABSTRACT 
The present invention provides a graded braking control 
device and control method for vehicle tire burst, and belongs 
to the technical field of vehicles. It solves the problems of 
rear-end collision and more instability of the vehicle result 
ing from emergency brake after vehicle tire burst. The 
device includes a tire pressure sensor, a controller, a radar 
sensor, a stability detection module and an ESC, wherein the 
radar sensor and the stability detection module are respec 
tively connected with input ends of the controller, the tire 
pressure sensor is in wireless connection with the controller, 
and the ESC is connected with an output end of the con 
troller. The control method includes: 1... monitoring vehicle 
tire condition; 2. carrying out traffic state assessment and 
determining a first maximum braking deceleration value for 
preventing the rear-end collision with the follower vehicle 
after emergency brake of the present vehicle; 3. carrying out 
tire burst vehicle stability state assessment in combination 
with the current speed and setting the maximum braking 
deceleration under stable state; and 4. carrying out tire burst 
graded braking. The device and the method can ensure quick 
and stable braking of the tire burst vehicle, and avoid the 
rear-end collision of the present vehicle with the follower 
vehicle. 
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GRADED BRAKING CONTROL DEVICE 
AND CONTROL METHOD FOR VEHICLE 

TRE BURST 

FIELD OF THE INVENTION 

0001. The present invention relates to the technical field 
of vehicles, and in particular, to a graded braking control 
device and control method for vehicle tire burst. 

BACKGROUND OF THE INVENTION 

0002. As more and more vehicles run on the roads, traffic 
accidents are increasing year by year. There are many 
reasons for the traffic accidents, wherein the consequences 
of the traffic accidents caused by tire burst are very serious 
and generate serious threats to the life safety and property 
safety of people, data shows that the number of deaths 
caused by tire burst accounts for about half of the highway 
accident deaths in high speed travelling of vehicles, there 
foretire burst is recognized as the number one killer of traffic 
safety in a high speed travelling state. 
0003. After vehicle tire burst, a rolling radius, vertical 
stiffness, longitudinal stiffness, lateral stiffness and other 
properties of the tire change greatly, resulting in changes of 
a vertical load, a rolling resistance torque, a lateral force and 
the like on the burst tire, which is embodied as adding an 
additional torque on the vehicle with respect to vehicle 
movement, such that the tire burst vehicle generates yawing 
motion, which reduces the stability of the tire burst vehicle, 
and as a result, the vehicle is collided and damaged. How to 
effectively protect the safety of occupants and the vehicle 
after the vehicle tire burst is a subject that people have been 
studied all the time. 
0004. The Chinese patent document with an application 
No. 201010605908.7 discloses a tire burst braking control 
system, including a control device and a tire pressure 
detection unit used for detecting a tire burst condition, 
wherein the control device is connected with an engine 
control unit and a tire pressure monitoring unit, the control 
device can control tire brake when receiving a tire burst 
signal fed back by the tire pressure monitoring unit and 
reduce the torque of the engine through the engine control 
unit. In the patent, emergency brake can be carried out and 
the torque of the engine can be reduced when the vehicle tire 
burst is sensed, but the emergency brake is carried out 
without considering the stability state of the vehicle in the 
patent, thereby being liable to make the vehicle more 
instable in the high speed travelling state, and generating 
serious potential safety hazards, moreover, the patent does 
not consider rear-end collision resulting from untimely 
response of vehicles behind due to the emergency brake of 
the present vehicle, which will lead to secondary damage 
after the tire burst, and thus there are certain potential safety 
hazards in the patent. 

SUMMARY OF THE INVENTION 

0005. In view of the above problems in the prior art, the 
present invention provides a graded braking control device 
for vehicle tire burst. The device can ensure quick and stable 
braking of a tire burst vehicle, and avoid rear-end collision 
between a follower vehicle and the tire burst vehicle. 
0006. The present invention is achieved by the following 
technical Solutions: a graded braking control device for 
vehicle tire burst includes a tire pressure sensor used for 
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detecting a tire pressure state of a tire, wherein the device 
further includes a controller, a radar sensor used for detect 
ing a travelling state of a follower vehicle relative to the 
present vehicle, a stability detection module used for detect 
ing a stability state of the present vehicle and an ESC used 
for achieving stable braking of the vehicle; the radar sensor 
and the stability detection module are respectively con 
nected with input ends of the controller; the tire pressure 
sensor is in wireless connection with the controller; the ESC 
is connected with an output end of the controller; the 
controller is preset with a first deceleration threshold set of 
multiple grades of deceleration values corresponding to the 
travelling state of the follower vehicle relative to the present 
vehicle; the controller is preset with a second deceleration 
threshold set of multiple grades of deceleration values 
corresponding to the stability state of the present vehicle 
itself; the tire pressure sensor sends a tire burst signal to the 
controller when a tire burst state of the tire of the vehicle is 
detected, the controller starts to receive a current travelling 
state signal of the follower vehicle relative to the present 
vehicle detected by the radar sensor, and performs analysis 
and comparison with the first deceleration threshold set, 
thereby determining a first deceleration value of a corre 
sponding grade, meanwhile, the controller receives a state 
signal of the present vehicle detected by the stability detec 
tion module, sets a stability state assessment value of the 
present vehicle in combination with a current speed of the 
present vehicle, and performs analysis and comparison with 
the second deceleration threshold set, thereby determining a 
second deceleration value of a corresponding grade, the 
controller compares the first deceleration value with the 
second deceleration value, and uses the Smaller deceleration 
value as a tire burst graded braking control instruction, and 
the controller sends the control instruction to the ESC to 
control the vehicle to brake at the smaller deceleration value. 

0007 ESC is the abbreviation of Electronic Stability 
Control, and is an electronic vehicle stability control system, 
which can help to avoid danger, and can control a wheel 
brake or control an engine torque to compensate the stability 
of the vehicle when the vehicle is extremely unstable during 
quick turning or lane change. The tire pressure sensor 
detects the current pressure in the tire in real time, the 
pressure in the tire generates a huge change in the case of 
vehicle tire burst, and the tire pressure sensor sends the tire 
burst signal to the controller when detecting the tire burst 
state of the tire of the vehicle. At this time, the controller 
receives the travelling state signal of the follower vehicle 
relative to the present vehicle detected by the radar sensor 
after the tire burst of the present vehicle, the controller 
analyzes the received signal sent by the radar sensor, com 
pares it with the first deceleration threshold set, thereby 
determining the first deceleration value of a corresponding 
grade, meanwhile, the stability detection module detects the 
state signal of the present vehicle itself and sends the state 
signal to the controller, the controller sets the stability state 
assessment value of the present vehicle by means of the 
signal sent by the stability detection module in combination 
with the current speed, and performs analysis and compari 
son with the second deceleration threshold set, thereby 
determining the second deceleration value of a correspond 
ing grade. After obtaining the first deceleration value and the 
second deceleration value, the controller compares the first 
deceleration value with the second deceleration value, and 
uses the smaller deceleration value as the tire burst graded 
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braking control instruction. If the first deceleration value is 
smaller than the second deceleration value, the first decel 
eration value is used as the tire burst graded braking control 
instruction, and otherwise, the second deceleration value is 
used as the tire burst graded braking control instruction. The 
controller sends the control instruction to the ESC to control 
the vehicle to brake at the smaller deceleration value. In this 
way, quick and stable braking of the tire burst vehicle is 
guaranteed, and the rear-end collision between the follower 
vehicle and the tire burst vehicle can be avoided. 

0008. In the graded braking control device for vehicle tire 
burst, the first deceleration threshold set includes distance 
division intervals divided along a distance between the 
follower vehicle and the present vehicle if they stop by 
braking and deceleration values respectively corresponding 
to the distance intervals of the follower vehicle and the 
present vehicle if stop by braking. Each of the distance 
division intervals of the follower vehicle and the present 
vehicle if braking stop corresponds to a deceleration value, 
and the controller determines the deceleration value that 
should be chosen currently to prevent the present vehicle 
from decelerating at a larger deceleration to result in the 
rear-end collision of the present vehicle with the follower 
vehicle. 

0009. In the graded braking control device for vehicle tire 
burst, the second deceleration threshold set includes stability 
state grades of the present vehicle and deceleration values 
respectively corresponding to the stability state grades. The 
controller determines the current grade of the stability state 
of the present vehicle to choose the corresponding decel 
eration value, so as to prevent the potential safety hazard 
resulting from that the present vehicle decelerates at a larger 
deceleration to cause more instability of the present vehicle. 
0010. In the graded braking control device for vehicle tire 
burst, the controller is further connected with a CAN bus 
network used for sending the current speed of the present 
vehicle; when the controller receives the tire burst signal and 
determines that the current speed value sent by a vehicle 
speed sensor is higher than a safe vehicle speed value, the 
controller sends the tire burst graded braking control instruc 
tion to the ESC, and the ESC controls the vehicle to execute 
the tire burst graded braking control instruction; and when 
the controller receives the tire burst signal and determines 
that the current speed value sent by the vehicle speed sensor 
is lower than the safe vehicle speed value, the controller 
does not send the tire burst graded braking control instruc 
tion to the ESC. When the vehicle travels at the safe vehicle 
speed, as the driver of the follower vehicle has an enough 
response time to avoid the rear-end collision, and the sta 
bility state of the present vehicle will be higher, the vehicle 
can be controlled by the driver himself. 
0011. In the graded braking control device for vehicle tire 

burst, the controller is further connected with a vehicle body 
controller (or body control module. BCM) used for control 
ling execution of a vehicle light state instruction, the con 
troller sends a signal control instruction of turning on hazard 
warning flashers to the vehicle body controller when receiv 
ing the tire burst signal detected by the tire pressure sensor, 
the vehicle body controller controls turn-on of the hazard 
warning flashers; when the controller sends the tire burst 
graded braking control instruction, the controller also sends 
a control instruction of turning on brake lamps to the vehicle 
body controller, and the vehicle body controller turns on the 
brake lamps when the vehicle carries out the tire burst 
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graded braking. After the vehicle tire burst, the controller 
controls turn-on of the hazard warning flashers to alert the 
follower vehicle to the failure of the present vehicle, and the 
controller controlling turn-on of the brake lamps when 
controlling the vehicle to brake is also for the purpose of 
alerting the follower vehicle, so that the driver of the 
follower vehicle can carry out relevant operations to avoid 
rear-end collision. 
0012. In the above-mentioned graded braking control 
device for vehicle tire burst, the controller is further con 
nected with an information interactive interface, and the 
interactive interface includes a display screen, an alarm 
device and a button, which are respectively connected with 
the controller. When receiving the tire burst state signal, the 
controller controls the alarm device to emit an alarm to alert 
the driver to the alarm of the vehicle; and the controller 
controls the alarm to emit a voice alarm when automatically 
controlling the vehicle to decelerate, in order to alert the 
driver that the device is automatically controlling the vehicle 
to decelerate. The display Screen is used for displaying the 
travelling state of the follower vehicle relative to the present 
vehicle and the stability state grade of the present vehicle, 
and the button is used for Switching the display contents of 
the display Screen. 
0013. A graded braking control method for vehicle tire 
burst includes the following steps: 
A monitoring vehicle tire condition: when vehicle tire burst 
is detected by a tire pressure sensor, a controller commands 
a vehicle body controller to turn on hazard warning flashers 
and gives an alarm for alert; 
the controller controls the vehicle body controller to turn on 
the hazard warning flashers to alert a follower vehicle to the 
tire burst of the present vehicle, and meanwhile, the con 
troller controls an alarm device to alarm to alert a driver to 
the vehicle tire burst; 
B, carrying out traffic state assessment and determining a 
first maximum braking deceleration value for preventing the 
rear-end collision with the follower vehicle after emergency 
brake of the present vehicle: the controller is preset with a 
first deceleration threshold set of multiple grades of decel 
eration values corresponding to the travelling State of the 
follower vehicle relative to the present vehicle, the controller 
receives a current travelling state signal of the follower 
vehicle relative to the present vehicle detected by a radar 
sensor, and performs analysis and comparison with the first 
deceleration threshold set, thereby determining a first decel 
eration value of a corresponding grade; 
the controller obtains the first maximum braking decelera 
tion value for preventing the rear-end collision with the 
follower vehicle according to the travelling State signal of 
the follower vehicle relative to the present vehicle; if the 
vehicle decelerates according to the first deceleration value, 
the rear-end collision of the present vehicle with the follower 
vehicle can be avoided, and meanwhile, the first deceleration 
value is the maximum braking deceleration for preventing 
the rear-end collision with the follower vehicle, so the 
present vehicle can be quickly decelerated within a safe 
range. 
C, carrying out tire burst vehicle stability state assessment in 
combination with the current speed and setting a maximum 
braking deceleration under stable state: the controller is 
preset with a second deceleration threshold set of multiple 
grades of deceleration values corresponding to the stability 
state of the present vehicle itself; the controller receives a 
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state signal of the present vehicle detected by a stability 
detection module, sets a stability state assessment value of 
the present tire burst vehicle in combination with the current 
speed, and performs analysis and comparison with the 
second deceleration threshold set, thereby determining a 
second deceleration value of a corresponding grade; 
the controller obtains a second maximum braking decelera 
tion under stable state according to the state signal of the 
present vehicle in combination with the current speed, and 
if the vehicle decelerates according to the second decelera 
tion value, so quick brake of the vehicle in the currently most 
stable state can be guaranteed to avoid an accident resulting 
from more instability of the vehicle caused by emergency 
brake of the vehicle; and 
D. carrying out tire burst graded braking: the controller 
compares the first deceleration value with the second decel 
eration value, and uses the Smaller deceleration value as a 
tire burst graded braking control instruction, and the con 
troller sends the control instruction to the ESC when deter 
mining that the current speed value is higher than a safe 
vehicle speed value, and the ESC controls the vehicle to 
brake at the smaller deceleration value and controls the 
vehicle body controller to turn on brake lamps. 
0014. As the controller uses the smaller one of the first 
deceleration value and the second deceleration value, both 
the stable braking of the vehicle and the avoiding of the 
rear-end collision of the present vehicle with the follower 
vehicle can be satisfied simultaneously. At the safe vehicle 
speed, as the driver of the follower vehicle has an enough 
response time to avoid the rear-end collision, and the sta 
bility state of the present vehicle will be higher, the vehicle 
can be controlled by the driver himself. 
0015. In the above-mentioned graded braking control 
method for vehicle tire burst, in the step B, the first decel 
eration threshold set includes distance division intervals 
divided along a distance between the follower vehicle and 
the present vehicle if they stop by braking and deceleration 
values respectively corresponding to the distance intervals 
of the follower vehicle and the present vehicle if stop by 
braking. Each of the distance division intervals of the 
follower vehicle and the present vehicle if braking stop 
corresponds to a deceleration value, and the controller 
determines the deceleration value that should be chosen 
currently to prevent the present vehicle from decelerating at 
another deceleration to result in the rear-end collision of the 
present vehicle with the follower vehicle. 
0016. In the graded braking control method for vehicle 

tire burst, in the step B, the distance between the present 
vehicle and the follower vehicle if braking stop a braking 
distance of the present tire burst vehicle+a distance between 
the present vehicle and the follower vehicle-the braking 
distance of the follower vehicle, the controller puts the 
distance between the present tire burst vehicle and the 
follower vehicle if braking stop obtained according to the 
aforementioned formula into the first deceleration threshold 
set, and determines the preset division interval range within 
which the distance between the present tire burst vehicle and 
the follower vehicle if braking stop is, and the corresponding 
maximum deceleration within the division interval range is 
the first deceleration value. The larger the distance between 
the present vehicle and the follower vehicle after if braking 
stop is, the smaller the rear-end collision risk of the present 
vehicle with the follower vehicle is after the present vehicle 
is braked. Corresponding deceleration values are preset 
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according to different intervals, and the vehicle is deceler 
ated according to the currently corresponding deceleration 
value, so that the present vehicle can be quickly decelerated 
within the safe range. 
0017. In the above-mentioned graded braking control 
method for vehicle tire burst, in the step C, the second 
deceleration threshold set includes stability state grades of 
the present vehicle and deceleration values corresponding to 
the stability state grades, the stability state assessment value 
of the present tire burst vehicle is obtained by a two 
dimensional fuzzy controller in the following manner: using 
an actual value of a vehicle yaw velocity error and an actual 
value of a change rate of the vehicle yaw velocity error as 
input variables to obtain the state signal of the present tire 
burst vehicle, and obtaining the stability state assessment 
value of the present tire burst vehicle in combination with 
the current speed, and the stability state assessment value of 
the present tire burst vehicle corresponds to a preset stability 
state grade of the present vehicle, so as to obtain the 
maximum deceleration at the corresponding stability state 
grade as the second deceleration value. In this way, the 
calculated Stability State assessment value of the present tire 
burst vehicle is accurate, and thus the obtained second 
deceleration value conforms to the deceleration necessary 
for the stability state of the present vehicle. 
0018 Compared with the prior art, the graded braking 
control device for vehicle tire burst has the following 
advantages: 
1. According to the present invention, a maximum braking 
deceleration for preventing the rear-end collision with the 
follower vehicle is calculated according to the travelling 
state of the follower vehicle relative to the present vehicle 
after tire burst. 
2. According to the present invention, a maximum braking 
deceleration under stable state is obtained according to the 
stability state signal of the present vehicle in combination 
with the current speed, to guarantee the quick brake of the 
vehicle in the currently most stable state. 
3. The present invention can ensure quick and stable braking 
of the tire burst vehicle, and avoid the rear-end collision of 
the tire burst vehicle with the follower vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a schematic diagram of a structure of the 
present invention; 
0020 FIG. 2 is a schematic diagram of a main working 
flow of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0021 Specific embodiments of the present invention are 
described below, a further description of technical solutions 
of the present invention is given in combination with draw 
ings, but the present invention is not limited to these 
embodiments. 
0022. As shown in FIGS. 1 and 2, the graded braking 
control device for vehicle tire burst includes a tire pressure 
sensor 2 used for detecting a tire pressure State of a tire, a 
controller 1, a radar sensor 3 used for detecting a travelling 
state of a follower vehicle relative to the present vehicle, a 
stability detection module used for detecting a stability state 
of the present vehicle and an ESC 5 used for achieving stable 
braking of the vehicle. The stability detection module 
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includes a CAN bus network 4, and the CAN bus network 
4 is used for sending steering wheel rotation angle informa 
tion, an actual value of a vehicle yaw velocity and vehicle 
speed information. The ESC 5, the radar sensor 3 and the 
stability detection module are respectively connected with 
input ends of the controller 1, the tire pressure sensor 2 is in 
wireless connection with the controller 1, and the ESC 5 is 
connected with an output end of the controller 1. The 
controller 1 is preset with a first deceleration threshold set of 
multiple grades of deceleration values corresponding to the 
travelling state of the follower vehicle relative to the present 
vehicle, and the controller 1 is preset with a second decel 
eration threshold set of multiple grades of deceleration 
values corresponding to the stability state of the present 
vehicle. The first deceleration threshold set includes distance 
division intervals divided along a distance between the 
follower vehicle and the present vehicle after if they stop by 
braking and deceleration values respectively corresponding 
to the distance intervals of the follower vehicle and the 
present vehicle after if braking stop, and the second decel 
eration threshold set includes stability state grades of the 
present vehicle and deceleration values respectively corre 
sponding to the stability state grades. The controller 1 is 
further connected with a vehicle body controller 6 used for 
controlling execution of a vehicle light state instruction. The 
controller 1 sends a signal control instruction of turning on 
hazard warning flashers to the vehicle body controller 6 
when receiving a tire burst signal detected by the tire 
pressure sensor 2, the vehicle body controller 6 controls 
turn-on of the hazard warning flashers. When the controller 
1 sends a tire burst graded braking control instruction, the 
controller 1 sends a control instruction of turning on brake 
lamps to the vehicle body controller 6, and the vehicle body 
controller turns on the brake lamps when the vehicle carries 
out tire burst graded braking. 
0023 The input end of the vehicle body controller 6 is 
further connected with the ESC 5. The controller 1 sends the 
signal control instruction of turning on the hazard warning 
flashers to the vehicle body controller 6 when receiving the 
tire burst signal detected by the tire pressure sensor 2, the 
vehicle body controller 6 controls turn-on of the hazard 
warning flashers in the case of vehicle tire burst. The ESC 
5 sends the control instruction of turning on the brake lamps 
to the vehicle body controller 6 when executing the tire burst 
graded braking control instruction, and the vehicle body 
controller 6 turns on the brake lamps when the vehicle 
carries out tire burst graded braking. The controller 1 is 
further connected with an information interactive interface, 
and the interactive interface includes a display Screen 7, an 
alarm device 8 and a button 9, which are respectively 
connected with the controller 1. 

0024. The tire pressure sensor 2 sends the tire burst signal 
to the controller 1 when a tire burst state of the tire of the 
vehicle is detected. The controller 1 receives a current 
travelling state signal of the follower vehicle relative to the 
present vehicle detected by the radar sensor 3, and performs 
analysis and comparison with the first deceleration threshold 
set, thereby determining a first deceleration value of a 
corresponding grade, and meanwhile, the controller 1 
receives a state signal of the present vehicle detected by the 
stability detection module, sets a stability state assessment 
value of the present vehicle in combination with a current 
speed, performs analysis and comparison with the second 
deceleration threshold set, thereby determining a second 
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deceleration value of a corresponding grade. The controller 
1 compares the first deceleration value with the second 
deceleration value, and uses the Smaller deceleration value 
as the tire burst graded braking control instruction, and the 
controller 1 sends the control instruction to the ESC 5 to 
control the vehicle to brake at the smaller deceleration value. 
The controller 1 is further connected with the CAN bus 
network 4 for sending the current speed of the present 
vehicle. The controller 1 sends the tire burst graded braking 
control instruction to the ESC 5 when receiving the tire burst 
signal and determining that the current speed value sent by 
the CAN bus network 4 is higher than a safe vehicle speed 
value, and the ESC 5 controls the vehicle to execute the tire 
burst graded braking control instruction; and when the 
controller 1 receives the tire burst signal and determines that 
the current speed value sent by the CAN bus network 4 is 
lower than the safe vehicle speed value, the controller 1 does 
not send the tire burst graded braking control instruction to 
the ESC 5. 

0025. The tire pressure sensor 2 detects the current pres 
Sure in the tire in real time, the pressure in the tire generates 
a huge change in the case of vehicle tire burst, and the tire 
pressure sensor 2 sends the tire burst signal to the controller 
1 when the tire burst state of the tire of the vehicle is 
detected. The controller 1 controls the alarm device 8 to 
alarm to alert the driver to the tire burst of the present 
vehicle, and meanwhile, the controller 1 sends the control 
instruction to the vehicle body controller 6 to control the 
vehicle body controller 6 to turn on the hazard warning 
flashers. At this time, the controller 1 receives the travelling 
state signal of the follower vehicle relative to the present 
vehicle after the radar sensor 3 detects the tire burst of the 
present vehicle, the travelling State signal includes a vehicle 
speed of the follower vehicle and a distance between the 
follower vehicle and the present vehicle, and the controller 
1 analyzes the received signal sent by the radar sensor 3. 
compares with the first deceleration threshold set, thereby 
determining the first deceleration value of the corresponding 
grade. The regulation process of the first deceleration thresh 
old set is as follows: 

1. Braking Distance of the Follower Vehicle 

0026. The driver of the follower vehicle carries out 
emergency brake after finding abnormality (the hazard 
warning flashers are turned on, and the brake lamps are 
turned on) of the present vehicle. In the calculation of the 
braking distance, it is assumed that the braking response 
time of the driver is a constant value and the deceleration is 
a constant value in the braking process, the speed of the 
follower vehicle is obtained from the radar, and the braking 
distance of the follower vehicle is calculated by a compu 
tational formula according to the above conditions. 

2. Braking Distance of the Tire Burst Vehicle 

0027. The tire burst state of the present vehicle is auto 
matically identified by the controller 1 of tire burst vehicle 
graded braking, the response time is 100-500 ms, it is 
assumed that the average response time is a constant value 
in the calculation, the braking deceleration in an active 
braking process of the controller 1 is a constant value. After 
the tire burst vehicle graded braking quits, the braking 
deceleration of the driver of the tire burst vehicle is a 
constant value. The present vehicle obtains the vehicle speed 
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at the time of tire burst from the CAN bus network 4. The 
braking distance of the present vehicle is calculated by a 
computational formula according to the above conditions 
after tire burst. 

3. Determination of the Braking Deceleration Based on Rear 
Traffic Conditions 

0028. The controller 1, according to the braking distance 
of the present vehicle and the braking distance of the 
follower vehicle as well as the original distance between the 
two vehicles obtained by the radar sensor 3, can obtain the 
distance between the vehicles after if they stop by braking 
according to a computational formula. The larger the dis 
tance between the vehicles after braking stop is, the smaller 
the rear-end collision risk with the follower vehicle after 
emergency braking is. Different braking deceleration 
requirements are made according to the size of the distance 
between the vehicles after if braking stop. The distance 
between the vehicles after braking stop is divided into three 
intervals, namely smaller than 20 m, 20-50 m and larger than 
50 m, and the braking decelerations corresponding to the 
three intervals are respectively set to the following three 
grades of braking decelerations: -2 m/s, -4 m/s and -6 
m/s. 
0029. Therefore, the controller 1 analyzes the received 
vehicle speed of the follower vehicle and the distance signal 
between the follower vehicle and the present vehicle sent by 
the radar sensor 3, compares with the first deceleration 
threshold set, thereby determining the first deceleration 
value of the corresponding grade. 
0030. When the controller 1 performs analysis and com 
parison to obtain the first deceleration value, the CAN bus 
network 4 sends the detected stability state signal of the 
present vehicle to the controller 1, the stability state signal 
includes the steering wheel rotation angle information, the 
actual value of the vehicle yaw velocity and the vehicle 
speed information, and the controller 1 analyzes the signal 
sent by the CAN bus network 4, compares with the second 
deceleration threshold set, thereby determining the second 
deceleration value of the corresponding grade. 
0031. The regulation process of the second deceleration 
threshold set is as follows: the controller 1 obtains a vehicle 
yaw velocity in an ideal state according to the steering wheel 
rotation angle information, and the controller 1 subtracts the 
vehicle yaw velocity in the ideal state from the actual value 
of the vehicle yaw velocity to obtain an actual value of a 
vehicle yaw velocity error and obtains a change rate of the 
vehicle yaw velocity error according to the time change. 
According to the actual value of the vehicle yaw velocity 
error and the change rate of the vehicle yaw velocity error, 
the controller 1 obtains the stability state of the vehicle, and 
according to the current speed, the controller 1 obtains 
several deceleration values, which are respectively 5 grades 
of deceleration values, namely, 0 m/s, -2 m/s, -3 m/s, -4 
m/s and -5 m/s. 
0032. Therefore, the controller 1 analyzes the signal sent 
by the CAN bus network 4, and compares with the second 
deceleration threshold set, thereby determining the second 
deceleration value of the corresponding grade. 
0033. After obtaining the first deceleration value and the 
second deceleration value, the controller 1 compares the first 
deceleration value with the second deceleration value, and 
uses the smaller deceleration value as the tire burst graded 
braking control instruction. If the first deceleration value is 
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smaller than the second deceleration value, the first decel 
eration value is used as the tire burst graded braking control 
instruction, and otherwise, the second deceleration value is 
used as the tire burst graded braking control instruction. The 
controller 1 can calculate to obtain the necessary braking 
deceleration after the tire burst of the present vehicle in real 
time. 
0034. When the current speed value is higher than the 
safe vehicle speed value, the controller 1 sends the control 
instruction to the ESC 5 to control the vehicle to brake at the 
smaller deceleration value. When the ESC 5 executes the tire 
burst graded braking control instruction, the controller 1 
sends the control instruction of turning on the brake lamps 
to the vehicle body controller 6, the vehicle body controller 
6 turns on the brake lamps. Meanwhile, the controller 1 
controls the alarm device 8 to give a prompt that the vehicle 
has been automatically braked. After the ESC 5 performs the 
breaking to decelerate the vehicle speed to the safe vehicle 
speed, the controller controls the ESC 5 to quit the braking 
control, and meanwhile, the controller 1 controls the vehicle 
body controller 6 to close the brake lamps. When the current 
speed value is Smaller than or equal to the safe vehicle speed 
value, the controller 1 does not send the tire burst graded 
braking control instruction to the ESC 5. The safe vehicle 
speed value is preferably 40 km/h. As the first deceleration 
value and the second deceleration value are used as the 
maximum deceleration values respectively in the current 
traffic state of the vehicle and in the stable state of the 
vehicle, the smaller deceleration value is chosen to ensure 
the quick and stable braking of the tire burst vehicle, and the 
rear-end collision of the tire burst vehicle with the follower 
vehicle e can be avoided. 
0035. After the vehicle tire burst, the controller 1 controls 
the display screen 7 to display the travelling state of the 
follower vehicle relative to the present vehicle and the 
stability state grade of the present vehicle, and the button 9 
is used for Switching the display contents of the display 
screen 7, so that the driver can conveniently know the 
conditions of the present vehicle. The graded braking control 
device for vehicle tire burst can obtain the necessary decel 
eration value of the present vehicle in a short time and 
decelerates the vehicle to ensure the safety of the tire burst 
vehicle. 
0036. The graded braking control method for vehicle tire 
burst includes the following steps: 
A monitoring vehicle tire condition: when vehicle tire burst 
is detected by the tire pressure sensor 2, the controller 1 is 
activated, the controller 1 commands the vehicle body 
controller 6 to turn on the hazard warning flashers and gives 
an alarm for alert; 
B, carrying out traffic state assessment and determining a 
first maximum braking deceleration value for preventing the 
rear-end collision with the follower vehicle after emergency 
brake of the present vehicle: the controller 1 is preset with 
a first deceleration threshold set of multiple grades of 
deceleration values corresponding to the travelling state of 
the follower vehicle relative to the present vehicle, the 
controller 1 receives a current travelling state signal of the 
follower vehicle relative to the present vehicle detected by 
the radar sensor 3, and performs analysis and comparison 
with the first deceleration threshold set, thereby determining 
a first deceleration value of a corresponding grade; 
C, carrying out tire burst vehicle stability state assessment in 
combination with the current speed and setting the maxi 
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mum braking deceleration under stable state: the controller 
1 is preset with a second deceleration threshold set of 
multiple grades of deceleration values corresponding to the 
stability state of the present vehicle, the controller 1 receives 
a state signal of the present vehicle detected by the stability 
detection module, sets a stability state assessment value of 
the present tire burst vehicle in combination with the current 
speed, and performs analysis and comparison with the 
second deceleration threshold set, thereby determining a 
second deceleration value of a corresponding grade; 
D. carrying out tire burst graded braking: the controller 1 
compares the first deceleration value with the second decel 
eration value, and uses the Smaller deceleration value as a 
tire burst graded braking control instruction, and the con 
troller 1 sends the control instruction to the ESC 5 when 
determining that the current speed value is higher than a safe 
vehicle speed value, and the ESC 5 controls the vehicle to 
brake at the smaller deceleration value and controls the 
vehicle body controller 6 to turn on brake lamps. 
0037. In the step B, the first deceleration threshold set 
includes distance division intervals divided along the dis 
tance between the follower vehicle and the present vehicle 
after if braking stop and deceleration values respectively 
corresponding to the distance intervals of the follower 
vehicle and the present vehicle after if braking stop. In the 
step B, the distance between the present vehicle and the 
follower vehicle after if braking stop—a braking distance of 
the present tire burst vehicle+a distance between the present 
vehicle and the follower vehicle-the braking distance of the 
follower vehicle. The controller 1 puts the distance between 
the present tire burst vehicle and the follower vehicle after 
braking stop obtained according to the aforementioned for 
mula into the first deceleration threshold set, and determines 
the preset division interval range within which the distance 
between the present tire burst vehicle and the follower 
vehicle after if braking stop is, and the corresponding 
maximum deceleration within the division interval range is 
the first deceleration value. In the step C, the second 
deceleration threshold set includes stability state grades of 
the present vehicle and deceleration values respectively 
corresponding to the Stability state grades, the stability state 
assessment value of the present tire burst vehicle is obtained 
by a two-dimensional fuzzy controller 1 in the following 
manner: using an actual value of a vehicle yaw velocity error 
and an actual value of a change rate of the vehicle yaw 
Velocity error as input variables to obtain the state signal of 
the present tire burst vehicle, and obtaining the stability state 
assessment value of the present tire burst vehicle in combi 
nation with the current speed, and the stability state assess 
ment value of the present tire burst vehicle corresponds to a 
preset stability state grade of the present vehicle, so as to 
obtain the maximum deceleration at the corresponding sta 
bility state grade as the second deceleration value. 
0038. The tire pressure sensor 2 sends the tire burst signal 
to the controller 1 when the tire burst state of the tire of the 
vehicle is detected, the controller 1 commands the vehicle 
body controller 6 to turn on the hazard warning flashers to 
alert the driver of the follower vehicle to the tire burst of the 
present vehicle, and meanwhile, the controller 1 controls the 
alarm device 8 to give an alarm for alert. After the controller 
1 receives the tire burst signal, the controller 1 starts to 
receive the travelling state signal of the follower vehicle 
relative to the present vehicle detected by the radar sensor 3, 
performs analysis and comparison with the first deceleration 
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threshold set, thereby determining the first deceleration 
value of the corresponding grade. 
0039. The regulation process of the first deceleration 
threshold set is as follows: 

1. Braking Distance of the Follower Vehicle 
0040. The driver of the follower vehicle carries out 
emergency brake after finding abnormality (the hazard 
warning flashers are turned on, the brake lamps are turned on 
and the like) of the present vehicle. In the calculation of the 
braking distance, it is assumed that the braking response 
time of the driver is a constant value to, 2 s, the 
deceleration is a constant value an at -0.8 m/s in 
the braking process, the speed Van of the follower 
vehicle is obtained from the radar, and the braking distance 
of the follower vehicle is: Sfollower vehicle Vfollower vehicle? 

2. human response follower vehicle *(2Xaroliewer vehicle). 

2. Braking Distance of the Tire Burst Vehicle 
0041. The tire burst condition of the present vehicle is 
automatically identified by the controller 1, the response 
time is 100-500 ms, it is assumed that the average response 
time to 300 ms, the braking deceleration in an 
active braking process of the tire burst vehicle graded 
braking System is: assen -0.4 m/s. After the con 
troller 1 quits, the braking deceleration of the driver of the 
tire burst vehicle is the constant value as a -0.6 
m/s. The present vehicle obtains the vehicle speed Vpresent 
vehicle at the time of tire burst from the CAN bus network 4. 
The braking distance of the present vehicle is: S Aese 

Ypresent vehicle?system fespons. Yessent -elicie -(40 
km/h) )+(2xassen braki)+(40 km/h) *(2xapresent vehicle). 
wherein 40 km/h is the safe vehicle speed, and the controller 
1 quits from the control at the safe vehicle speed. 

3. Determination of the Braking Deceleration Based on Rear 
Traffic Conditions 

0042. The distance S between the present vehicle and the 
follower vehicle is obtained from the radar sensor 3, the 
distance L between the two vehicles after braking stop is: 
LSeresent vehicle+S-Sfollower vehicles the larger the L is, the 
smaller the rear-end collision risk with the follower vehicle 
after emergency braking is. Different braking deceleration 
requirements are set according to the size of the L, the L is 
divided into three intervals, namely smaller than 20 m, 
20-50 m and larger than 50 m, and the braking decelerations 
corresponding to the three intervals are respectively set to 
the following three grades of braking decelerations: -2 m/s, 
-4 m/s and -6 m/s. 
0043. When obtaining the first deceleration value, the 
controller 1 carry out tire burst vehicle stability state assess 
ment in combination with the current speed and sets the 
maximum braking deceleration under stable state. The con 
troller 1 receives state signal of the present vehicle of the 
CAN bus network 4, sets the stability state assessment value 
of the present tire burst vehicle in combination with the 
current speed, and performs analysis and comparison with 
the second deceleration threshold set, thereby determining 
the second deceleration value of the corresponding grade. 
0044) The regulation process of the second deceleration 
threshold set is as follows. The controller 1 includes a 
two-dimensional fuzzy controller 1, the controller 1 obtains 
a vehicle yaw Velocity in an ideal state according to the 
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steering wheel rotation angle information, and the controller 
1 subtracts the vehicle yaw velocity in the ideal state from 
the actual value of the vehicle yaw velocity to obtain an 
actual value of a vehicle yaw velocity error and obtains a 
change rate of the vehicle yaw Velocity error according to 
the time change. The two-dimensional fuzzy controller 1 is 
adopted, the actual value E of the vehicle yaw velocity error 
and the actual value EC of the change rate of the vehicle yaw 
velocity error are used as input variables, EC represents 
deterioration or improvement trend of the vehicle yaw 
velocity error, and the stability state assessment S2 of the tire 
burst vehicle is used as an output variable. The input 
variables and the output variable are fuzzified, fuzzy subsets 
of the normalized input variables E, EC and the output 
variable S2 are uniformly divided into 7 fuzzy grades, which 
respectively represent “negative large”, “negative medium'. 
“negative small”, “Zero”, “positive small”, “positive 
medium' and “positive large”. The 7 fuzzy grades are the 
state grades of the vehicle, the two-dimensional fuZZy con 
troller 1 is used for determining the graded braking decel 
eration of the tire burst vehicle, the state fuzzy grade S2 of 
the vehicle and the actual value V of the vehicle speed are 
used as the input variables, and the braking deceleration A 
is used as the output variable. The input variables and the 
output variable are fuzzified, fuzzy subsets of the variable S2 
are uniformly divided into 7 fuzzy grades, and the fuzzy 
subsets of the normalized vehicle speed V are divided into 
6 fuzzy grades, which respectively represent “ultra low 
speed”, “low speed”, “medium speed”, “medium high 
speed”, “high speed” and “ultra high speed. The fuzzy 
subsets of the normalized output variable A are divided into 
5 fuZZy grades, which respectively correspond to 5 grades of 
deceleration values, namely, 0 m/s, -2 m/s, -3 m/s, -4 
m/s and -5 m/s. 
0045. After obtaining the first deceleration value and the 
second deceleration value, the controller 1 compares the first 
deceleration value with the second deceleration value, and 
uses the smaller deceleration value as the tire burst graded 
braking control instruction. For example, the first decelera 
tion value is -4 m/s and the second deceleration value is -2 
m/s, then the controller 1 chooses -2 m/s as the tire burst 
graded braking control instruction. When the current speed 
is higher than the set safe vehicle speed value 40 km/h, the 
controller 1 sends the control instruction to the ESC 5, the 
ESC 5 controls the vehicle to brake at the deceleration of -2 
m/s, and the controller 1 controls the vehicle body control 
ler 6 to turn on the hazard warning flashers, and meanwhile, 
the controller 1 controls the alarm device 8 to give a prompt 
indicating that the vehicle has been automatically braked. 
The controller 1 calculates the necessary braking decelera 
tion of the present vehicle after tire burst in real time and 
sends the braking deceleration to the ESC 5 for execution. 
When the vehicle speed is decelerated to be lower than 40 
km/h, the controller 1 control the ESC 5 to quit from the 
braking control. When determining the current speed is 
lower than the set safe vehicle speed value 40 km/h, the 
controller 1 does not execute the tire burst graded braking 
control instruction. 

0046. After the vehicle tire burst, the display screen 7 
displays the travelling state of the follower vehicle relative 
to the present vehicle and the stability state grade of the 
present vehicle, and the button 9 is used for switching the 
display contents of the display screen 7, so that the driver 
can conveniently know the conditions of the present vehicle. 
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0047. The specific embodiments described herein are 
merely exemplary illustration to the spirit of the present 
invention. Those skilled in the art to which the present 
invention belongs can make various modifications or Supple 
ments or Substitutions in similar ways to the specific 
embodiments described herein, without departing from the 
spirit of the present invention or going beyond the scope 
defined by the appended claims. 
0048 Although the controller 1, the tire pressure sensor 
2, the radar sensor 3, the CAN bus network 4, the ESC5, the 
vehicle body controller 6, the display screen 7, the alarm 
device 8, the button 9 and other terms are frequently used in 
this paper, the possibility of using other terms is not 
excluded. These terms are merely used for describing and 
explaining the essence of the present invention more con 
veniently, and interpreting them as any additional limita 
tions deviates from the spirit of the present invention. 

1. A graded braking control device for vehicle tire burst, 
comprising a tire pressure sensor for detecting a tire pressure 
state of a tire, wherein the device further comprises a 
controller, a radar sensor for detecting a travelling state of a 
follower vehicle relative to the present vehicle, a stability 
detection module for detecting a stability state of the present 
vehicle and an ESC for achieving a stable braking of the 
vehicle; the radar sensor and the stability detection module 
are individually connected to input ends of the controller; 
the tire pressure sensor is in wireless connection with the 
controller; the ESC is connected with an output end of the 
controller; the controller is preset with a first deceleration 
threshold set of multiple grades of deceleration values 
corresponding to the travelling state of the follower vehicle 
relative to the present vehicle; the controller is preset with a 
second deceleration threshold set of multiple grades of 
deceleration values corresponding to the stability state of the 
present vehicle itself; the tire pressure sensor sends a tire 
burst signal to the controller when a tire burst state of the tire 
of the vehicle is detected, then the controller starts to receive 
a current travelling state signal of the follower vehicle 
relative to the present vehicle detected by the radar sensor, 
and performs analysis and comparison with the first decel 
eration threshold set, thereby determining a first deceleration 
value of a corresponding grade, meanwhile, the controller 
receives a state signal of the present vehicle detected by the 
stability detection module, sets a stability state assessment 
value of the present vehicle in combination with a current 
speed of the present vehicle, and performs analysis and 
comparison with the second deceleration threshold set, 
thereby determining a second deceleration value of a cor 
responding grade, the controller compares the first decel 
eration value with the second deceleration value, and uses 
the Smaller deceleration value as a tire burst graded braking 
control instruction, and the controller sends the control 
instruction to the ESC to control the vehicle to brake at the 
smaller deceleration value. 

2. The graded braking control device for vehicle tire burst 
of claim 1, wherein the first deceleration threshold set 
comprises distance division intervals divided along a dis 
tance between the follower vehicle and the present vehicle 
if they stop by braking and deceleration values respectively 
corresponding to the distance intervals of the follower 
vehicle and the present vehicle if stop by braking. 

3. The graded braking control device for vehicle tire burst 
of claim 1, wherein the second deceleration threshold set 
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comprises stability state grades of the present vehicle and 
deceleration values respectively corresponding to the stabil 
ity state grades. 

4. The graded braking control device for vehicle tire burst 
of claim 2, wherein the controller is further connected with 
a CAN bus network used for sending the current speed of the 
present vehicle; when the controller receives the tire burst 
signal and determines that the current speed value sent by a 
vehicle speed sensor is higher than a safe vehicle speed 
value, the controller sends the tire burst graded braking 
control instruction to the ESC, and the ESC controls the 
vehicle to execute the tire burst graded braking control 
instruction; and when the controller receives the tire burst 
signal and determines that the current speed value sent by 
the vehicle speed sensor is lower than the safe vehicle speed 
value, and the controller does not send the tire burst graded 
braking control instruction to the ESC. 

5. The graded braking control device for vehicle tire burst 
of claim 4, wherein the controller is further connected with 
a vehicle body controller used for controlling execution of a 
vehicle light state instruction; the controller sends a signal 
control instruction of turning on hazard warning flashers to 
the vehicle body controller when receiving the tire burst 
signal detected by the tire pressure sensor, the vehicle body 
controller controls turn-on of the hazard warning flashers; 
when the controller sends the tire burst graded braking 
control instruction, the controller also sends a control 
instruction of turning on brake lamps to the vehicle body 
controller, and the vehicle body controller turns on the brake 
lamps when the vehicle carries out the tire burst graded 
braking. 

6. The graded braking control device for vehicle tire burst 
of claim 4, wherein the controller is further connected with 
an information interactive interface, and the interactive 
interface comprises a display Screen, an alarm device and a 
button, which are respectively connected with the controller. 

7. A graded braking control method for vehicle tire burst, 
comprising the following steps: 
A monitoring vehicle tire condition: when vehicle tire 

burst is detected by a tire pressure sensor, a controller 
commands a vehicle body controller to turn on hazard 
warning flashers and gives an alarm for alert; 

B, carrying out traffic state assessment and determining a 
first maximum braking deceleration value for prevent 
ing rear-end collision with a follower vehicle after 
emergency brake of the present vehicle: the controller 
is preset with a first deceleration threshold set of 
multiple grades of deceleration values corresponding to 
the travelling state of the follower vehicle relative to 
the present vehicle, the controller receives a current 
travelling state signal of the follower vehicle relative to 
the present vehicle detected by a radar sensor, and 
performs analysis and comparison with the first decel 
eration threshold set, thereby determining a first decel 
eration value of a corresponding grade; 

C. carrying out tire burst vehicle stability state assessment 
in combination with the current speed and setting a 
maximum braking deceleration under stable state: the 
controller is preset with a second deceleration threshold 
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set of multiple grades of deceleration values corre 
sponding to the stability state of the present vehicle 
itself, the controller receives a state signal of the 
present vehicle detected by a stability detection mod 
ule, sets a stability state assessment value of the present 
tire burst vehicle in combination with the current speed, 
and performs analysis and comparison with the second 
deceleration threshold set, thereby determining a sec 
ond deceleration value of a corresponding grade; 

D. carrying out tire burst graded braking: the controller 
compares the first deceleration value with the second 
deceleration value, and uses the Smaller deceleration 
value as a tire burst graded braking control instruction, 
and the controller sends the control instruction to the 
ESC when determining that the current speed value is 
higher than a safe vehicle speed value, and the ESC 
controls the vehicle to brake at the smaller deceleration 
value and controls the vehicle body controller to turn 
on brake lamps. 

8. The graded braking control method for vehicle tire 
burst of claim 7, wherein in the step B, the first deceleration 
threshold set comprises distance division intervals divided 
along a distance between the follower vehicle and the 
present vehicle if they stop by braking and deceleration 
values respectively corresponding to the distance intervals 
of the follower vehicle and the present vehicle if stop by 
braking. 

9. The graded braking control method for vehicle tire 
burst of claim 8, wherein in the step B, the distance between 
the present vehicle and the follower vehicle if braking 
stop—a braking distance of the present tire burst vehicle--a 
distance between the present vehicle and the follower 
vehicle-the braking distance of the follower vehicle, the 
controller puts the distance between the present tire burst 
vehicle and the follower vehicle if braking stop obtained 
according to the aforementioned formula into the first decel 
eration threshold set, and determines the preset division 
interval range within which the distance between the present 
tire burst vehicle and the follower vehicle if braking stop is, 
and the corresponding maximum deceleration within the 
division interval range is the first deceleration value. 

10. The graded braking control method for vehicle tire 
burst of claim 7, wherein in the step C, the second decel 
eration threshold set comprises stability state grades of the 
present vehicle and deceleration values respectively corre 
sponding to the stability state grades, the stability state 
assessment value of the present tire burst vehicle is obtained 
by a two-dimensional fuzzy controller in the following 
manner: using an actual value of a vehicle yaw velocity error 
and an actual value of a change rate of the vehicle yaw 
Velocity error as input variables to obtain the state signal of 
the present tire burst vehicle, and obtaining the stability state 
assessment value of the present tire burst vehicle in combi 
nation with the current speed; and the stability state assess 
ment value of the present tire burst vehicle corresponds to a 
preset stability state grade of the present vehicle, so as to 
obtain the maximum deceleration at the corresponding sta 
bility state grade as the second deceleration value. 
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