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Research on stabilization control method for humanoid robot
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Abstract— For the characteristics of humanoid robot in stability
control, a method called second-order cone planning is proposed for
controlling the stability of robot walking. The stability control of
humanoid robot is configured to convert the second order cone to be
suitable for solving the problem by derivating a variety of stability
constraints of robot during the walking movement. The effectiveness
of the proposed method is validated through simulation and
experiments
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. INTRODUCTION

Recently, research of humanoid robot gets more and more
attention in researchers at home and abroad. In the research of
humanoid robot, the stability study of robot is one of the key
technologies in humanoid robot motion. In this aspect, numerous
researchers do a lot related researches. At humanoid robot
stability control, ZMP is the most important factor to realize
humanoid robot stabilize motion. In 2003[1], Kajita controls
motion of robot by compensation ZMP, and gets good results. In
2007[2], some basic factors required by balancing humanoid
robot put forward. These factors including ZMP (Zero moment
point), center of gravity Jacoby matrix and so on, control the
motion of humanoid robot by embedded in the action adding
center of gravity matrix. There also use fuzzy controller based on
ZMP error. First give centroid position increment of robot, and
then control motion by quadratic programming method and
centroid Jacoby matrix solve correction value for robot each joint
angles method. Humanoid robot often requires ZMP, center of
gravity and other stability criterion and the range of moment,
friction influence under the various environment and any
constraints at same time, because of robot is always in a
multi-degree of freedom joint control system of complex
environments. Therefore there needed a way to control multiple
performance tuning index and constraint at same time.

SOCP (Second-Order Cone Programming) [3]is an optimal
design method which can take into account a number of
indicators. For norm criteria, including single-norm and
mixed-norm can be achieved by SOCP[4], not only that, robust
filter can be achieved. The main idea of SOCP is that objective
function in optimal problem can translate into constraint function
by introducing variables, then through suitable transform, new
objective variable and original variables to be optimized can be
combined into new optimized variable, and the original SOCP
constraint can transform into SOCP constraint about new
optimized variable, finally, as long as objective function and
constraint function in the optimization problem can be expressed
in the form of SOCP, the optimization problem can be solved
using the SOCP. SOCP has been used in filter design
optimization problems and beam-former optimization problem
widely, and get a good practical effect. Y. Q. Bai, M. EL GHami
and C. Roos[5,6] discuss using kernel function to solve dual
interior point algorithm of SOCP and linear programming
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problems. Basing on advantages of SOCP control, it has a great

practical significance for control technology and design
optimization of the walking motion in the humanoid robot.

Il. SOCP CONTROL THEORY

SOCP is a subset of the convex programming. It is under
the condition of satisfy a set of SOCP constraints and linear
equality constraints so that a linear function is minimized, it is
expressed as[7]:

minb"y (1a)
y
Subject to ||Ay+bi||gciTy+di,
=121 (1b)
Fy=g (1c)

Where b e C*" means parameter of the solving
problem, yeC"‘*1 means variable of the optimization,
A c C(a,—l)xa , bi c C(ai—l)xl , Ci c Caxl’ ClT y c R ,

deR, FeC¥, geC, |||| means Euclid norm,

such as ||u||:(uTu)l/2 , ()T means transposition, C

means plural sets, R means real sets.
Each constraint can be expressed as second-order cone in

HaE

SOCi”‘i is the second-order cone of space of C% , and
defined as:

soce 2| Jremxectrs =)

The Geometrical meaning of SOCP optimization is seeking
the most advantage which meeting the objective function
minimization in 3D second-order cone.

Equality constraints in (1c) can be expressed as zero-cone:

g-Fye {0}g
Zero-cone can be defined as:
{0}° i{x‘x eC% x =0},
As shown in (1), when ¢ =1i=1,...,N , linear

programming(linear inequality constraints)and convex quadratic
programming is a special case of SOCP.
Formula (1a) is the objective function, which is a set of

(1b):

}eSOCﬁ



D-value of state variables and object variables, when the D-value
tends to infinity, can get the optimal a set of state variables, and
all of state variables from a conical which combining with
formula (1b) and (1c), formula (1b) means shapes in the cone
except conical bottom, and formula (1c) means conical bottom.
Iterating any set of control variable meeting formula (1b) and
(1c), the corresponding state variable using formula (1a) for
comparison, after reaching iterative times or meeting fixed
solving accuracy ,it stop. Then, the state from control variable is
an optimal state.

I1l.  CONSTRUCT BALANCE CONSTRAINT FOR
WALKING MOTION IN HUMANOID ROBOT

Because of center of gravity in humanoid robot is high, area
for feet supporting is small, and these features make humanoid
robot become an unstable structure during motion. Using the
way of restricting humanoid robot in ZMP, friction and kinetic
energy during walking, control stability during movement
effectively.

A.  ZMP constraint

According to the definition of ZMP[8], when ZMP in the
polygon, range of the ZMP can be expressed as:

N
Pamp E{Zai p|pes(i :1,2,---,N)} 2
i=1

N
Among them, ¢«; =T,/ Z f, is the vertical
i=1

component ratio of force from ground.
P, € S(i =1,2,-~~N)is the discrete point in the support
region. If given matrix A, and vectorb, , and can construct
inequality which has same meaning with formula (2):
AP, +b <0 €]

Usually, in the condition of meeting (2), given a desired
ZMP locus pfmp as input, there is an error &, between
actual ZMP and desired ZMP meeting the following inequality

relations:
d
‘ pzmp - pzmp” < gzmp

Friction constraints

4

B.

In order to prevent the footsteps slide of robot, we should
consider both of strong ground tangent and normal movement.
In the case of robot on the ground with one foot, basic friction
constraints can expressed as following:

|P,F.[| < &R, (5)
H sz Fo - pzmp x ny I:o < Hy I:2 Gy
F+F <PF, @

Py» Pnand

projection matrix that force tangent with z coordinate. £ is

P, is force vector of xy plane, and

coefficient of friction, ¢, is twist coefficient of friction

when it move normally, F,,F and F, isfrictional resistance
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from robot during forward movement , tangential movement and
normal movement respectively. We need determine  sum of

compelling force lessthan P, for static pace.

C. Kinetic constraints
If rotation angle response of rotating joint of humanoid
robotis g =[¢(1),d(2),---,G(L)]" . at a sport moment for

humanoid robot, it can be expressed as:
L
Tt =>.a()p)=p" ()
1=1

Among p(t) =¢" J(ij), J means vector matrix of
inertia.
If temporal sample points meeting fk eF(k=12-K),

these sample points have uniform or non-uniform interval.
Solving problem about dynamic equilibrium of humanoid robot
is making the following error weighted norm minimum

« %
{Zm (tk>—T<tk)|”} ©®

Where, T P (tk) is expected response of optimized design

®

when time istk , Is non-negative weighting factor, for adjusting
fitted closeness for different parameters. Typically, range of error
take , L,ornorm | thatp =12, 0r,oco. The optimal

control problem of kinetic energy under the rule of this three
norm types expressed as following:

min> ([T, 0)- P 6

miny AT, (39" Ko
minmax ([T, (t) - p' (t)a) 12

IV.  STRUCTURE AND SOLUTION OF SOCP

Take L2 norm standard from formula (11) for example,
we can translate optimization problems into SOCP problem for
solving.

Introducing a set of non-negative
variable g, (k =1,2,---, K), formula (11) can be expressed like

this:

K
min z (A& subject to
A=
T,)- P (t)d <& k=12 K (13)

Constraint condition is formula (14)-(18):

Agpzmp-i-bs <0
|

d
pzmp - pzmp” < gzmp
Hpmz Fo - pzmp x ny Fo

xy' o

|P,F.[ < R,

< lur F2



F+F <PF
Quadratic inequality constraint from formula (13), have

2
T, ) - P (t)a| <&
= ‘ZTd (t)-2p' ('[k)q‘2 +1+el —2¢ <l+g +2¢,

2T ()= 2p" (t.)qlf
- ) —=2p (t,)g < (e, +1)°
g -1
_ T
PN 2Td(tk) 2p (tk)q SEk +1 (19)
g —1
Defining y=[e.&, .0 T and

K
b=[4, 4+, A, 0p 17 make BTy =3 (44) -
k=1
0, means 1xL zero dimensional vector, formula (13)

become MINb'y subject to:
y
<1+[m'(k) 0, |y

)| | O 2P"(%)
N B R T
k=12, K Q0
Among them, m(K) =[m,m,,---,m_,---,m, ",

0,n=Kk,
m.:
' {ank

For the formula (20), we can use interior point method from
penalty function[7] for solving and more details can be seen
there.

IxL
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V.  SIMULATION AND EXPERIMENT

Simulation use Matlab own toolkit of SOCP for optimal
solution of stability control of humanoid robot. It’s assumed that
torque of humanoid robot can keep enough dynamic balance,
and assume friction coefficient when robot walk on the ground is

4 =0.4, friction coefficient of joint twisting is £, =0.45.

We compare LMS adaptive method with SOCP design
method, achieving control of dynamic balance for humanoid
robot at any time nodes by Matlab simulation, and compare
results of iterative error and results of displacement error with
PSO that have good resullts.

It choose the test time is 1s, researching humanoid robot
when waling during this time can satisfied requirement of the
stability of the instantaneous walking, choose a stepping when
time node is 0.1s, and assume velocity of humanoid robot is
V =0.3m/s, quality of humanoid robot is m, then expected value
of kinetic energy from robot is 0.045kg.J, the simulation result
shown in figure 1, 2. Figure 1 is kinetic simulation of humanoid
robot motion, and figure 2 is the result of comparing walking
optimized design of two methods of humanoid robot in delay
respects.
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It compares results of iterative error and results of
displacement error with PSO respectively for reflecting
characteristic when control the stability of robot in optimization.

Shown in figure 2 is comparing SOCP with PSO in result of
iterative error, choosing dimension is 28-demensional particle

swarm, numbers of particle are 30, both study factor C,,C, are

2, inertiaweightwisQ.7, iterative steps are 700.

Shown in figure 3 is comparing SOCP with PSO in result of
displacement error, specify humanoid robot walking along a
straight line which be marked, test distance is 6m, optimize robot
gait by SOCP and PSO respectively, and test error of robot

deviating from marked route.
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Figure 4 Result of displacement error comparing with PSO

As shown in figure 3, convergence of SOCP is quicker
than PSO when it started in the result of iterative error, and tends
to optimal values when iteration is about 280, and the shock of
PSO is strong, it tends to steady when iteration is about 580.

During the humanoid robot walking 6m along the marked
straight line, it will deviate the marked route inevitably, because
of not-smooth surface and other constraints of objective factors
and robot don’t have visual navigation, shown in figure 4, SOCP
is better than PSO in the result of displacement error.
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VI.  CONCLUSION

Control system of humanoid robot walking is a multi-DOF
and nonlinear optimized control system, using SOCP to translate
optimal control problem of walking stability into SOCP
optimization problem for the complexity of its control, and
simulate controlling walking robot by simulation software,
compare with various common methods and analysis at same
time. According to the simulation, this way is useful to
optimization problem in controlling stability of humanoid robot
with complex constraints, specifically when reduce the
optimization parameters, it can achieve optimization online.

Experimental results show that, this method can control
walking of humanoid robot effectively and be sure its stability of
walking.
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