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JUDGMENT LINE CALCULATIONS FOR A 
VEHICLE SAFETY SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional application of U.S. 
patent application Ser. No. 12/145,638, filed Jun. 25, 2008, 
which is hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

0002 The present invention relates generally to a vehicle 
safety system for automobiles, and more specifically to brak 
ing and steering determinations by a vehicle Safety system. 

BACKGROUND OF THE INVENTION 

0003 Conventional vehicle safety systems regulate 
vehicle speed according to a speed setting that a vehicle 
operator may set and adjust while driving. Adaptive cruise 
control systems detect moving objects in the vehicle path, 
Such as preceding vehicles, and provide throttle and brake 
control, as necessary, to maintain a trailing distance from the 
preceding vehicle. 
0004. However, these systems do not take into account 
acceleration ordeceleration of the host vehicle or the detected 
object. Due to the variety of situations which arise when 
accounting for changes in acceleration, prior vehicle safety 
systems cannot perform the calculations for all situations 
without null values occurring. Accordingly, these safety sys 
tems are programmed to maintain a trailing distance utilizing 
current vehiclevelocity. These safety systems utilize velocity 
of the vehicle and performs the calculations frequently to take 
into account any changes in the Velocity. 

SUMMARY OF THE INVENTION 

0005. A vehicle safety system which determines a time 
until braking or steering must begin in order to avoid contact 
with an object, including accounting for the acceleration of 
the vehicle and the detected object, is desired. 
0006 A vehicle has a safety system including at least one 
object sensor to detect a distance from an object in a path of 
the vehicle and the speed and acceleration of the object. 
Additionally, at least one vehicle sensor determines a speed 
and acceleration of the vehicle. The sensor data is input into a 
control to determine a time until the vehicle must begin brak 
ing to avoid contact with the object (i.e. a "braking judgment 
line') and another time until the vehicle must begin steering 
to avoid contact with the object (i.e., a “steering judgment 
line') based upon the sensor information. 
0007. A method for determining a warning for the vehicle 
safety system includes initiating the safety system with at 
least one input from the sensors. The safety system then 
compares the vehicle acceleration and the object acceleration 
to determine a safety system scenario. Based upon the equa 
tions selected for the determined scenario the safety system 
calculates a judgment line between the object and the vehicle. 
The judgment line is then used to determine a warning dis 
tance and warn a vehicle operator. 
0008. The above features and advantages, and other fea 
tures and advantages of the present invention will be readily 
apparent from the following detailed description of the pre 
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ferred embodiments and best modes for carrying out the 
present invention when taken in connection with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a schematic plan view illustrating a vehicle 
having a vehicle safety system and a target vehicle; and 
0010 FIG. 2 is a flow diagram illustrating a method for 
determining a braking judgment line and a steering judgment 
line for the vehicle safety system of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0011 Referring to the Figures, wherein like reference 
numbers refer to the same or similar components throughout 
the several views, FIG. 1 is a schematic view of an exemplary 
motor vehicle, identified generally as 10, having a vehicle 
safety system 12. A preceding or target vehicle 14 is located 
on a roadway a distance ahead of the host vehicle 10. 
0012. A control 16 manages the vehicle safety system 12. 
The control 16 is connected to an object sensor 18 for detect 
ing the distance between the host vehicle 10 and the target 
vehicle 14, and the speed and change in speed of the target 
vehicle 14. The sensor 18 may be any type of sensor that 
provides the required information or may incorporate mul 
tiple sensors each providing one type of information. For the 
purposes of simplification the embodiment illustrates a 
detected object as the target vehicle 14. Any object that would 
be located on the roadway with the host vehicle 10 would also 
be detected and subject to the vehicle safety system 12. 
0013 Additionally, the host vehicle 10 includes a speed 
ometer 20 for measuring the speed of the host vehicle 10. 
Information from the speedometer 20 is sent to the control 16 
for operation of the vehicle safety system 12. 
0014. A judgment line (JL) of the host vehicle 10 deter 
mines the latest possible time at which the host vehicle 10 
should brake or steer to avoid contact with the target vehicle 
14 (or an object). The control 16 for the vehicle safety system 
12 calculates the judgment line (JL) for the host vehicle 10 in 
order to provide a vehicle operator with sufficient warning to 
avoid contact between the host vehicle 10 and the target 
vehicle 14. 
0015 The determination of the judgment line (JL) 
includes the determination of two times: a braking judgment 
line (JLB) determines the last possible moment when the host 
vehicle 10 should brake to avoid contact with the object/target 
vehicle 14, and a steering judgment line (JLS) determines the 
last possible moment when the host vehicle 10 should steer to 
avoid contact with the object/target vehicle 14. Both the JLB 
and JLS take into account Vehicle characteristics such as, 
weight, center of gravity, turn radius of the vehicle, tires, 
braking system, etc. 

Braking Judgment Line 

0016 

0017 where TTC is the time to contact and t' is the time to 
brake. In other words, the time to brake (t') is the time by 
which the host vehicle 10 must begin braking to reach the 
target velocity (Vt) with the target minimum gap (TMG) 
between the host vehicle 10 and the target vehicle 14. The 
target minimum gap (TMG) is the minimum distance desired 

The braking judgment line (JLB) is expressed as: 
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between the host vehicle 10 and the target vehicle 14. A 
typical target minimum gap (TMG) is approximately 0.25 m. 
The target minimum gap (TMG) distance may be selected 
according to the host vehicle 10 configuration and driver 
standards. One skilled in the art would be able to select an 
appropriate target minimum gap (TMG). 
0018 When either of the vehicles are accelerating or 
decelerating, the time to contact (TTC) can be calculated by: 

TTC = a + (AV)? -2X : (AA) 
(AA)* (AA)? 

0019 where X is the distance between the host vehicle 10 
and the target vehicle 14, and AA is the difference in accel 
eration between the host vehicle 10 and the target vehicle 14. 
The difference in acceleration (AA) is calculated by: 

0020 where At is the acceleration/deceleration of the tar 
get vehicle 14 and Ah is the acceleration/deceleration of the 
host vehicle 10. AV is the difference in velocity between the 
host vehicle 10 and the target vehicle 14. The difference in 
velocity (AV) can be calculated by 

0021 where Vh is the velocity of the host vehicle 10 and 
Vt is velocity of the target vehicle 14. 
0022. Thus, when the host vehicle velocity (Vh) and the 
target vehiclevelocity (Vt) have no difference inacceleration. 
(i.e. velocity of each vehicle is constant) the time to contact 
(TTC) can be simplified to: 

TTC = * Ay 

0023 To calculate the time to brake (t') for determining the 
difference in velocity (AV) when at least one of the host 
vehicle 10 and the target vehicle 14 is accelerating and for 
determining the braking judgment line (JLB), the distance to 
brake (Bd) must first be calculated. The distance to brake (Bd) 
is the distance covered during the time to brake (t'), i.e. the 
distance covered prior to the last possible moment at which 
braking must occur. When the distance to brake (Bd) has been 
reached, the host vehicle 10 must begin braking to avoid 
contact with the target vehicle 14. The distance to brake (Bd) 
can be calculated by: 

(Amax - Ai)} (T) 
Bd = TMG + AV: T + 2 

0024 where Amax is the maximum rate at which the host 
vehicle 10 can decelerate, and AV is taken at t' (see above 
equation for AV). Further, T is the time taken by the host 
vehicle 10 to attain the velocity of the target vehicle (Vt). That 
is, the time period after braking begins. T. begins after 
time to brake (t') and distance to brake (Bd) have been 
reached. After the braking time (T,) is concluded, the 
target minimum gap (TMG) will remain between the host 
vehicle 10 and the target vehicle 14. 
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0025. The braking time (T) can be calculated by: 

T-AV - (A): Erike At - Amax 

0026. Substituting the above equation for the time to brake 
(T) into the above equation for the distance to brake (Bd) 
the equation for the distance to brake (Bd) becomes: 

Bd = TMG + -ans. 

0027. Additionally, distance to brake (Bd) can also be 
calculated using the following equation: 

AA : (t') Bd = X - AV: t” + 2 

0028 By combining the previous equations for distance to 
brake (Bd), the time to brake (t') can be found. Because of the 
complexity of the equations and to avoid null values (e.g. 
values causing the calculations to become impossible for the 
control 16 to solve), the equations for time to brake (t') are 
simplified according to several operating scenarios. 
0029. The first scenario is when the host vehicle 10 has 
constant Velocity and the target vehicle 14 has a constant 
velocity (i.e. for Ah-0. At =0), and the equation for time to 
brake (t') is: 

X AW TMG 

AV 2.Amax AV 

0030. Substituting this into the above equation for braking 
judgment line (JLB) determination, the equation below is 
reached: 

JLB- AW 
AV T2 Amax 

0031. The second scenario is when the host vehicle 10 has 
constant Velocity and the target vehicle 14 has a changing 
velocity (i.e. for Ah=0, Atz0), and the equations for time to 
brake (t') and braking judgment line (JLB) become: 

, AV (i. avatara-ame)". At (A2 At: Amax 
ILB = 

(e. 2) ( 2(At-Amax)(TMG-X) + (AV) ' 
- 2 - A) + 2 - At: Amax 
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0032. The third scenario is when the host vehicle 10 has 
changing velocity and the target vehicle 14 has constant 
velocity (i.e. for Ahz0 and At=0), and the equations for time 
to brake (t') and braking judgment line (JLB) become: 

AV (Ams. (AV)-2: Ah: (TMG- x)", 
A * Ah: (Amax - Ah) 

ILB = (avi + 2 : X say -- (Adelay - 2: Ah: (TMG- xy 
(Ah)? Ah: (Amax - Ah) 

0033 Finally, the fourth scenario is when the host vehicle 
10 and the target vehicle 14 both have changing velocity (i.e. 
for Ahz0 and Atz0), and the equations for time to brake (t') 
and braking judgment line (JLB) become: 

AV 1 (ame-slavix aw)", TAA 'AA (Amax - Ah) 
ILB = 

(Yi, ) 1 (ame-slavix all) 2. (Amax-Ah)2) "AA (Amax - Ah) 

0034. Using the calculated JLB and working in a time 
delay based upon the time taken to reach maximum decelera 
tion (Amax) a warning distance (Dwarn) can be calculated 

0035 where WTM is the warn time margin. In other 
words, the amount of time after which the operator of the host 
vehicle 10 must be warned in order to allow the target mini 
mum gap (TMG) after the braking time (T,) is complete. 
The warn time margin (WTM) takes into account the amount 
of time it will take the operator and the host vehicle 10 to 
respond to the warning. An approximate warning time margin 
(WTM) is 0.8 sec. Adding the warn time margin (WTM) and 
the JLB time together gives the warning time (Twarn) or the 
amount of time prior to collision at which the driver should be 
warned. 

Steering Judgment Line 

0036 Similar calculations can be completed for the steer 
ing judgment line (JLS). For example, the steering judgment 
line (JLS) can be calculated by: 

0037 where St' is the time after which the host vehicle 10 
must begin steering, or turn, to avoid contact with the target 
vehicle 14. The time to contact (TTC) is calculated in the 
same manner as described above, using the time to steer (St) 
in the equations rather than the time to brake (t'). The time to 
steer (St) for determining the time to contact (TTC) and the 
steering judgment line (JLS) is calculated by: 
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0038. As above, X is the distance between the host vehicle 
10 and the target vehicle 14. Sd is the distance traveled until 
the time to steer (St). That is, the distance that will be traveled 
until steering must begin. When the distance to steer (Sd) has 
been reached the host vehicle 10 must begin steering (i.e. 
turning to avoid the target vehicle 14). The distance to steer 
(Sd) can be calculated by determining how much forward 
distance will be required for the host vehicle 10 to turn and 
taking into account the distance the target vehicle 14 will 
travel in the same amount of time. Thus, the distance to steer 
(Sd) can be calculated by: 

0039 where Xh is the distance, forward, the host vehicle 
10 has traveled after they begin turning. Xt is the distance the 
target vehicle 14 has traveled after the host vehicle 10 began 
turning. The host vehicle 10 forward travel distance (Xh) can 
be calculated by: 

0040 where L is the wheelbase of the host vehicle 10. Rf 
is the radius from the outer edge of the side mirror 22 of the 
host vehicle 10 to the center 24 of the turn, shown in FIG. 1. 
0 is the angle formed between the host vehicle 10 and the 
target vehicle 14 at the center 24 of the turn, illustrated in FIG. 
1 

0041. The angle to furthest tire (0) is calculated using the 
outer edge of the furthest tire. That is, the rear wheel 26 of the 
host vehicle 10 to the center 24 of the turn and a rear corner 28 

of the target vehicle 14 to the center 24 of the turn. Inciden 
tally, the distance from the rear corner 28 of the target vehicle 
14 to the center 24 of the turn for the host vehicle 10 is the 

same distance as the distance from the outer edge of the side 
mirror 22 of the host vehicle 10 to the center 24 of the turn, Rf. 
0042. The angle to furthest tire (0) is calculated by: 

Rfcos (0=Ravg: 

0043 where Ravg is the average radius from the host 
vehicle 10 to the center 24 of the turn. The average radius 
from the host vehicle 10 (Ravg) can be expressed by: 

0044 Substituting this into the above equation and solving 
for the angle to furthest tire (0) we get: 

112 (Rf)? - L2)" + { 
O = cos f 

Rf 

0045. The radius to side mirror (Rf) can be calculated by: 



US 2011/O156891 A1 

0046 of is the slip angle for the tires of the host vehicle 10. 
Slip angle (of) is calculated by: 

of = sin 

(VR - bi + + 1 
L2 

0047 where b is the distance between the center of gravity 
30 and the rear axle32 of the host vehicle 10 and w is the track 
width of the host vehicle 10.R is the radius from the center of 

gravity 30 to the turn center 24, illustrated in FIG. 1 and 
represented by the equation: 

Wh)? R = P. 
G 

0048 where G is the center of gravity 30 of the host 
vehicle 10. By substituting the equations for slip angle (of) 
and radius to center of gravity (R) back into the equation 
above for the radius to side mirror (Rf), the following equa 
tion results: 

2-p2)12 w)? 2 Rf = (R b2) +) + L2. 

0049. By adding this to the equation for the angle to fur 
thest tire (0) we get: 

2 

0050 Going back to the equation for distance to steer (Sd), 
we must still determine distance the target vehicle has trav 
eled (Xt). The distance the target vehicle has traveled (Xt) can 
be calculated by: 

X=Tturn 

0051 where Tturn is the time required to turn the host 
vehicle 10. In other words the time from when the host vehicle 
10 begins turning until the host vehicle 10 has reached the 
target minimum gap (TMG). The time to turn (Tturn) can be 
calculated by: 

Titirin = ite 

0052. Where 0' is the angle formed from the outer edge of 
the side mirror 22 of the host vehicle 10 to the center 24 of the 

turn and from the target vehicle 14 and the center 24 of the 

Jun. 30, 2011 

turn, illustrated in FIG.1. The angle from the side mirror (0") 
can be calculated by: 

0053 where B is the angle formed from the outer edge of 
the side mirror 22 of the host vehicle 10 to the center 24 of the 
turn and the rear wheel 26 of the host vehicle 10 to the center 
24 of the turn, illustrated in FIG.1. We know that: 

Rf sin B=L. 

0054 Thus, knowing the wheelbase (L) and the radius 
(Rf) from the rear tire 26 to the turn center 24 we can substi 
tute these values and solve for difference in angles (B) the 
equation becomes: 

B = sin L 

L2+( R-Fi 

0055 Knowing the difference in angles (B) and the previ 
ously calculated value angle to furthest tire (0) we can now 
calculate the target vehicle forward travel (Xt). Thus, by 
combining these equations we can solve for distance to steer 
(Sd): 

Sd = Rf sinG) - L - V. 
Rf80' w). 

0056. Using the above equation of distance to steer (Sd) 
the time to steer (St) can be found: 

X - Rfsin0-L - V. Re) 
St = 

AW 

0057 This can be plugged into the above equation 
(JLS-TTC-St") for determining steering judgment line 
(JLS). Again the calculations for time to contact (TTC), time 
to steer (St) and steering judgment line (JLS) can be simpli 
fied for each of the scenarios above, relating to acceleration of 
the host vehicle 10 and target vehicle 14, for input into the 
control 16. By separating and simplifying the above equa 
tions for each scenario any null inputs for the control 16 may 
be avoided. 
0.058 FIG. 2 illustrates a summary of the process 34 used 
by the control 16. The control 16 receives input from the 
sensors 18, Such as an indication that an object is detected in 
the path of the host vehicle 10, and input from the speedom 
eter 20, in step 36. The control 16 then begins either the 
braking judgment line (JLB) determination or the steering 
judgment line (JLS) determination. Additionally, the control 
16 may have the capability of performing both determinations 
simultaneously. For the braking judgment line (JLB) deter 
mination, the control 16 compares the acceleration of the host 
vehicle (Ah) and target vehicle acceleration (Ah) to deter 
mine which equations to use, step 42. Then, using the appro 
priate equations the control 16 calculates the time to contact 
(TTC) and time to brake (t'), step 44. The calculated time to 
contact (TTC) and time to brake (t') are used to calculate the 
braking judgment line (JLB), step 46. Using the determined 
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brakingjudgment line (JLB) the control 16 calculates a warn 
ing distance, step 48. The control 16 at the appropriate time 
initiates a warning signal to the operator of the host vehicle 
10, step 50. The warning signal may be, but is not limited to, 
an audio signal, visual signal, or any combination of these. 
0059 Alternately, or in addition to, the control 16 begins 
the steering judgment line (JLS) determination, by compar 
ing the host vehicle acceleration (Ah) and target vehicle 
acceleration (Ah) to determine which equations to use, step 
52. Then, using the appropriate equations the control 16 cal 
culates the time to contact (TTC) and time to steer (St), step 
54. The calculated time to contact (TTC) and time to steer 
(St) are used to calculate the steering judgment line (JLS), 
step 56. Using the determined steering judgment line (JLS) 
the control 16 determines a warning distance, step 58. The 
control at the appropriate time initiates a warning signal to the 
operator of the host vehicle 10, step 50. 
0060. The control 16 may warn the vehicle operator of 
both the brake warning distance (Dwarn) and the steering 
warning distance (SDwarn). Alternately, the step 50 of warn 
ing the vehicle operator can also include a comparison of the 
brake warning distance (Dwarn) with the steering warning 
distance (SDwarn). The control 16 can then warn the vehicle 
operator based upon the warning distance (Dwarn or 
SDwarn) that is the furthest point. That is, the last possible 
distance at which the vehicle can brake or steer. In this 
instance, the safety system 12 must distinguish between the 
brake warning and the steer warning such that the vehicle 
operator will know the appropriate action required (i.e., the 
warnings must be distinguishable to the vehicle operator). 
0061 While the best modes for carrying out the invention 
have been described in detail, those familiar with the art to 
which this invention relates will recognize various alternative 
designs and embodiments for practicing the invention within 
the scope of the appended claims. 
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1. A safety system for a vehicle comprising: 
at least one object sensor configured to detect a distance 

from an object in a path of the vehicle and the speed and 
acceleration of the object; 

at least one vehicle sensor configured to determine a speed 
and acceleration of the vehicle; and 

a control to determine a first amount of time until the 
vehicle must begin braking to avoid contact with the 
object and a second amount of time until the vehicle 
must begin steering to avoid contact with the object, 
wherein the first amount of time and the second amount 
of time are based on the detected distance, the speed and 
acceleration of the object and the speed and acceleration 
of the vehicle. 

2. The safety system of claim 1, wherein said at least one 
vehicle sensor is a speedometer. 

3. The safety system of claim 1, wherein the first amount of 
time and the second amount of time are based upon a prede 
termined distance between the vehicle and the object when 
the braking and the steering are complete. 

4. The safety system of claim3, wherein the first amount of 
time is based on a braking judgment line and the second 
amount of time is based on a steering judgment line. 

5. The safety system of claim 1, wherein the first amount of 
time and the second amount of time are each based on the 
vehicle speed and acceleration and the object speed and accel 
eration. 

6. The safety system of claim 1, at least one device config 
ured to emit a warning signal for at least one of the first 
amount of time and the second amount of time. 

7. The safety system of claim 6, wherein the warning signal 
for the first amount of time is a different than the warning 
signal for the second amount of time. 

8. The safety system of claim 6, wherein the warning signal 
is one of a visual signal, an audio signal, and a combination 
thereof. 


