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The application of fuzzy-PID control used in the control of car distance∗
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Abstract. The control of car distance is a real-time nonlinear control system. The text below will give a
parameter self-regulating PID control based on fuzzy control. According to the theory of self-adaptive fuzzy
control with modify factor, we have established an emulator of Fuzzy-PID control emulator. Through simu-
lation, we have proved the correctness and validity of this theory.
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1 Introduction

Traffic accidents in freeway rise year by year, which seriously influence the security of car drive. In order
to reduce and avoid this kind of phenomenon, especially the end collision of motorcars, we try to use the
method of fuzzy control to analyze and establish a simulate system.

Car-distance control is important in the security assistant on intelligent drive control. It’s mainly used
in the alarm and defending on the end collision of motorcars. This system is time-varying and nonlinear.
Conventional PID controls are hard to assure the control effect on high-point. Therefore we need fuzzy logic
to improve the performance.

2 Parameter self-regulation PID control

The key in PID control is the confirmation of PID parameters. In tradition, they only can be obtained by
an certain math model. But in actual application, many controlled objects have complex mechanism. They are
non-linear, time varying and lagging, we can not establish the math model of these objects easily. But fuzzy
control can describe control rules using if-then fuzzy rules and it can incorporate experts’ control rules. It has
good robust which can defeat the influence of Non-Linear Factor. Therefore, we combine fuzzy control and
PID control, which can absorb both advantages, make the adjustment of PID parameter online. It can highly
increase the precision, flexibility and practicability of system.

The math expression of PID control in sequence system:

u(t) = KP

[
e(t) +

1
TI

∫
e(t)dt + TD

de(t)
dt

]
(1)

In this paper we use PID control principle as formula (2) ∼ formula (5). As we know differential coef-
ficient is sensitive to interrupt, in order to increase system anti-jamming ability, we can take formula (3) and
formula (4) as differential compute items. S(k) in formula (5) represents car distance between front car and
back car we have measured k times. ∆S represents security car distance.
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µ(k) = KP e(k) + KI

k∑
j=0

e(j) + KD∆e(k) (2)

∆e(k) =
e(k)− e(k)

1.5T
+

e(k − 1)− e(k)
0.5T

− e(k − 2)− e(k)
0.5T

− e(k − 3)− e(k)
1.5T

(3)

e(k) =
e(k) + e(k − 1) + e(k − 2) + e(k − 3)

4
(4)

e(k) = S(k)−∆S (5)

Considering system stability, response rate, high adjust and stable precision, we sum up the effects of
KP , KD and KI are:

(1) Proportional coefficient KP is used to quicken system response rate, increase system precision. If the
KP is bigger, the system warp response rate is quicker, and the adjust precision is higher. But at the same
time, it also easily produces over adjust, which makes the system unstable. If the KP is smaller, the system
can adjust precision is lower and the response rate is slower.

(2) Differential coefficient KD is used to improve dynamic performance of system and restrain warp
changes.

(3) Integral coefficient KI is used to eliminate system warp. If KI is bigger, system warp eliminate
quicker, but it will also produce integral saturation phenomena and result with over adjust. The control princi-
ple is as follows:

Fig. 1. Control principle of Selft-Regulation PID

We can take e and ∆e as input, and use the method of fuzzy logic to adjust PID parameter KP , KD and
KI , in order to satisfy different requirements of warp e and warp ratio ∆e in parameter control, and make the
controlled objects with good dynamic and static performance.

Aiming at different e and ∆e, we have summed up a adjust rule of KP , KD and KI .
(a) when |e| is relatively big, in order to quicken the system response rate, a bigger KP is required. In the

Meanwhile, at the beginning when e changes quickly, to avoid differential over saturated and control effects
greater than permit range, we should use smaller KP .

(b) when |e| and ∆|e| is at the medium, in order to make the system with a suitable value and insure the
natural response rate, KP should be smaller , KD and KI should be medium.

(c) when |e| is small and near fixed value, we should increase KP and KI for a stable performance. At
the same time, when ∆|e| is bigger, considering the anti-jamming performance, we can give KD a smaller
value; otherwise, KD should have a bigger value.

2.1 Membership function

According to the requirement, we have chosen three forms of double-inputs and single-output, in order
to adjust the parameters of PID. This controller take the |e| and ∆|e| as input, KP , KD and KI as output. The
range of |e| and ∆|e| is [-4, -2, 0, 2, 4], and the range of KP , KD and KI is [0, 2, 4, 6]. The membership
function is as follows:

2.2 Control rules

The following is Graphic of KP , KD and KI simulated by software.
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Fig. 2. Membership function of e and ∆e

Fig. 3. Membership function of KP , KD and KI

Table 1. KP Rules

KP

e
PH PL ZO NL NH

∆e

PH H L L L H
PL MH L H L MH
ZO MH H MH H MH
NL MH L H L MH
NH H L L L H

Table 2. KI Rules

KI

e
PH PL ZO NL NH

∆e

PH ZO L H L ZO
PL ZO H MH H ZO
ZO ZO H MH H ZO
NL ZO H MH H ZO
NH ZO L H L ZO

3 Self-adaptive fuzzy control with modify factors

The key of conventional fuzzy control is to confirm a useful control strategy. But in some complex
courses, sometimes, it’s hard to sum up a control strategy perfectly, and the control rules are unchangeable, so
that the result can’t be satisfied.

However, if we use self-adaptive fuzzy control with modify factors; we can give a simple math expression

u =< αx + (1− α)y > (6)
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Table 3. KD Rules

KD

e
PH PL ZO NL NH

∆e

PH L H L H L
PL L H H H L
ZO ZO L MH L ZO
NL L H H H L
NH L H L H L

to substitute the control table used for conventional fuzzy control. In formula (6), x’s coefficient is α, and y’s
coefficient is (1−α), α ∈ [0, 1]. Quantifiable factor α, 1−α are weighted to the warp of input parameter and
warp diversification, which can influence the control performance directly. Using formula (6), we can give a
fuzzy control system structure as follows:

Fig. 4. fuzzy control system chart with formular method

Let’s take an example to show the influence of the modify factor α to the control performance.

Sample 1: The controlled object is G(s) =
1

s2 + 0.6s
. When α is 0.5, 0.65 and 0.8, we can get the chart

of fuzzy control as follows:
From the graphic above, we can see different values corresponding to different control characters. When

value=0.8, it shows control rules is more weighted to warp, but less to warp ratio. Therefore, the unit step
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Fig. 5. the unit step response carve (single factor)

response curve will give over adjust, which will delay the time; when value=0.5, it’s the same weighed to the
warp and warp ratio, though the over adjust is relatively small, the response time is relatively long; when value
= 0.65, it means the control rules is more weighed to the warp than warp ratio, in which case, not only the
over adjust is small, but also the response time is short. Therefore, when controlled objects use the method
of fuzzy control with modify factor, we can easily confirm the warp and warp ratio, and then adjust weighed
factors with a good control effect.

However, this kind of control rules have some limitation, the rules only deal with a single parameter α. If
we confirm α, the weighed of warp e and warp ratio ∆e have also been confirmed. In actually, control system
may be in different working states, in which the weighed of e and ∆e may also be different. When the |e| is
relatively big, the main problem is to eliminate e, so we should increase the value of α to make the take up
a big proportion in the control rules, improving system dynamic character. When |e| is relatively small, the
main problem is to limit system over adjust, and make the system be stable quickly, so we should cut down the
value of α, so that the value 1−α becomes big, then the weighed of ∆e take up a big proportion. In apparent,
we can’t achieve the requirement of state change above by single-factor adjust control rules.

In order to overcome the shortage of single-factor self-regulation, according to the quantum value of the
warp e, we give a multi-factors self-regulation control rules as follows:

u =


< α1x + (1− α1)y > |x| = 0
< α2x + (1− α2)y > |x| = ±1
< α3x + (1− α3)y > |x| = ±2
< α4x + (1− α4)y > |x| = ±3

,

where α1, α2, α3, α4 ∈ [0, 1], and α1 < α2 < α3 < α4.

Sample 2: The controlled object is G(s) =
1

s2 + 0.6s
. We can use single-factor and multi-factors self-

regulation rules respectively to do the research of control emulation. The result is as follows:
In which carve 1 and 3 are corresponding to the system unit step response when single-factor α = 0.65

and α = 0.5. Carve 2 is corresponding to the system unit step response when the four factors are α1 =
0.25, α2 = 0.65, α3 = 0.8, α4 = 0.9. From the chart we can see four-factor modify control rules show a good
control result, not only improve the system stability, but also increase the response rate.

4 Fuzzy-PID control

Parameter self-regulation PID control method has high control precision and quick response, but when
the warp is big, the closing rate is slow. Besides that, the calculation is too complex to fit for the car system.
However the self-adjust fuzzy control with modify factor is a lingual control, the arithmetic is simple and
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Fig. 6. the unit step response carve (four factors)

easily to achieve. Besides, we can sum up from the experiences of operators, and optimize automatically in
the actual run, and accommodate ability and anti-jamming is good and robust.

However, the effect of self-adaptive fuzzy control with modify factor which only deal with baddish, is
a non-linear control. The precision is not good with static warp. Therefore, if we combine parameter self-
regulation PID control to self-adaptive fuzzy |e| ≥ ε = 1.5, the effect is all the self-adaptive fuzzy control
with modify factor. The back car can response quickly, and be close to the expected carve. When the warp
is in the area we design, the result is the combination of PID control and self-adaptive fuzzy control, which
makes the precision higher.

5 Simulation

We can use Matlab to do some emulate research with the drive behaviour, the chart is as follows:

Fig. 7. the structure of simulation
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Simulation 1: The distance of two cars is 50m, initialize speed is 43.2km/h(12m/s), the front car brakes
suddenly, with h the acceleration -3m/s2.

Fig. 8. relative speed Fig. 9. the distance between two cars

Simulation 2: The distance of two cars is 100m, initialize speed is 108km/h(30m/s), the front car brakes
suddenly, with the acceleration -6m/s2.

Fig. 10. relative speed Fig. 11. the distance between two cars

Simulation 3: The distance of two cars is 80m, initialize speed is 126km/h(35m/s), the front car brakes
suddenly, with the acceleration -7m/s2.

Fig. 12. relative speed Fig. 13. the distance between two cars
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From the charts we can see, when the distance is big and the front is in brake, the back car brakes stable,
when the front car is stop and the back car has some speed, it will keep up driving until stop, and keep some
distance between front car.

6 Conclusion

In this paper we have analyzed the Parameter self-regulation PID control and use the theory of four
modify factors in self-adaptive fuzzy control. At last we establish Fuzzy-PID control model. This controller
has some advantages, such as high stability, quick response and precise. By simulation, when the front car is
in brake or decelerate, the control we design can control the back car quickly, and achieve security stop and
decelerate, avoid the happen of collide. So the Fuzzy-PID control model is effective.

Meanwhile, we can see that these simulations have been finished in the good weather circumstance. The
distance control is a complex real time system. If we put it into practice, we should consider more influence of
environment, such as the weather state, the sensitive of sense organ, system response time. We should conduct
more researches on the conditional influence and sum up the fuzzy control structure, the number of function
and the control rules. Besides, we should conduct more researches and get more data to analyze and improve
the effect of car assistant of security drive.
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