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A Non-Trial-and-Error Method for
Lag-Lead Compensator Design
Kai Shing Yeung, Member, IEEE, King W. Wong, and Kan-Lin Chen

Abstract—A universal design chart for lag-lead compensators
is given. This chart allows compensators to be designed without
trial-and-error while meeting four specifications: steady-state
error, phase margin, gain margin, and gain (or phase) crossover
frequency.

where

is assumed. Equation (1) can be rewritten as

Index Terms— Compensator design, control systems, lag-lead
compensator.

(2)
I. INTRODUCTION

F

REQUENCY-domain design in general, or Bode design
in particular, is a widely used and fundamental tool for
control system design. However, because of the trial-anderror nature of this technique, designing often times will be
inconvenient. In 1976, Wakeland [1] developed an analytical technique and a graph pickoff approach for continuous
phase-lead compensator. The following year, Mitchell [2]
extended Wakeland’s work to continuous phase-lag compensators. Wakeland and Mitchell’s work was then pursued by
Chaid to generalize to discrete and second-order compensators.
In 1986, he presented tables of Bode design formulas for
the most common continuous and discrete compensators [3],
[4]. Recently, Yeung et al. developed a series of Bode design
charts to allow non-trial-and-error designs of continuous and
discrete-time compensators [5].
In this paper, a non-trial-and-error design technique for laglead compensator is developed based on the idea presented
in [5]. Simultaneous specification of steady-state error, phase
margin, gain margin, and gain (or phase) crossover frequency
can be achieved using this technique.

Substituting

into (2) yields

(3)
By introducing the parameters
(4)
(3) can be rewritten as

With the definition of
(5)
becomes

II. THE LAG-LEAD COMPENSATOR

(6)

Consider a lag-lead compensator of the form

(1)

Manuscript received February 1995; revised November 1997.
K. S. Yeung is with the Department of Electrical Engineering, The University of Texas at Arlington, Arlington, TX 76019 USA.
K. W. Wong was with the Department of Electrical Engineering, The
University of Texas at Arlington, Arlington, TX 76019 USA. He is now
with GSM Wireless Division, Northern Telecom, Richardson, TX 75082-4399
USA.
K.-L. Chen was with the Department of Electrical Engineering, The
University of Texas at Arlington, Arlington, TX 76019 USA. He is now
with the Department of Electronics, Fortune Junior College of Technology
and Commerce, Kaohsiung, Taiwan, R.O.C.
Publisher Item Identifier S 0018-9359(98)01736-1.

can be plotted in terms of magnitude (in decibels)
versus phase as a family of curveswith parameters and
(Fig. 1).
III. PRINCIPLE

OF THE

DESIGN METHOD

Suppose we propose to design a lag-lead compensator
for a plant
such that 1) phase margin PM,
2) gain margin GM, and 3) the gain crossover frequency
are specified. (Although gain and phase margins may not give
an accurate prediction of the actual time-domain behavior, they
are convenient intermediate frequency-domain specifications.)
Step 1:
is assumed to have been determined from the
steady-state accuracy specification as usual.
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Fig. 1. Lag-lead controller design curves.

Fig. 2. Bode plot of uncompensated system.

Step 2: If
is the gain crossover frequency, then the
following equations must hold:

PM
where

(7a)
(7b)

Substituting (3) and (6) into (7) gives

PM

(8a)
(8b)

The left-hand side of (8) can be plotted once for all time
as a lag-lead design chart (Fig. 1). The right-hand side of
(8) can be plotted on top of the lag-lead design chart. The
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Fig. 2. (Continued.) Bode plot of uncompensated system.

Fig. 3. Illustrating lag-lead controller design.

intersection point with
yields the desired parameter
values of
Step 3: Let
be the phase crossover frequency. Then the
following equations must hold:
GM

(9a)
(9b)

which can be written from (3) and (6) as
GM

(10a)
(10b)

Then plotting the right-hand side of (10) on the lag-lead
design chart and looking for the intersection point with
yields
and

YEUNG et al.: A NON-TRIAL-AND-ERROR METHOD FOR LAG-LEAD COMPENSATOR DESIGN

79

Fig. 4. Bode plot of compensated system.

Step 4: With the five known parameters
and
obtained from Steps 1–3, the lag-lead compensator
parameters in (1) can be determined by (11), shown at the
bottom of this page.
Formula (11) is obtained by solving for
and from
(4) and from the two equations

It is desired that the static velocity error constant
be
100 s , the phase margin be 42 at frequency 9 rad/s, and
the gain margin be 12 dB.
The Bode plot of the uncompensated system
is shown
in Fig. 2.
Step 1: Determination of

which is (5) applied at frequencies
and
,
respectively.
The entire procedure will be demonstrated using the following illustrative example.
IV. ILLUSTRATIVE EXAMPLE
In this example we design a lag-lead compensator for a
control system whose open-loop transfer function is

Step 2: Plot the right-hand side of (8) (solid line) on the
lag-lead design chart as shown in Fig. 3. The intersection point
corresponding to
9 rad/s gives

(11)
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(Note that changing the phase margin specification amounts to
a horizontal shift of the solid line.)
Step 3: Plot the right-hand side of (10) (solid line) on the
lag-lead design chart.
The intersection point corresponding to
gives

(Note that altering the gain margin will give rise to a vertical
shifting of the solid line.)
Step 4: Substituting the value of
and
into
(11) yields

The lag-lead compensated system is

The Bode plot of the compensated system
in Fig. 4 (on
this and the following page) shows a phase margin PM 42
at a gain crossover frequency
9 rad/s, and a gain margin
GM 12 dB at a phase crossover frequency
20.65 rad/s.
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V. CONCLUSION
A non-trial-and-error method for lag-lead compensator design is presented. It is based on the idea of normalizing
compensator parameters so that a design chart can be generated
once for all time. A design example is carried through to
illustrate the use of this design chart. Simultaneous fulfillment of the specifications of steady-state error, phase margin,
gain margin, and gain crossover frequency (or instead, phase
crossover frequency) can be achieved without trial-and-error.
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