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NOVEL CMAC NEURAL NETWORK BASED ROBOT INTELLIGENT
CONTROL

1. Introduction

Numerous robot control schemes have been studied during the past decade,
one approach involves using a dynamic model of the robot to calculate the joint
driving torques for the specified trajectory. However, generally speaking, it is
difficult to derive an accurate dynamic model for the controlled robot since there
exist some unknown factors (such as uncertainty and parameter variation), so the
scheme of calculated torque controllers can not always provide satisfactory result
[1, 2].

As is well known, Robotic manipulator with multi-joints are very complex
control problem due to the model uncertainty and the external disturbances, in
practice, it is impossible to obtain their accuracy relationship functions. Therefore,
the independent joint control system of direct-drive robot with conventional
control methods cannot give satisfactory performance. Although the methods of
variable-structure control, adaptive control and fuzzy control have improved the
control performance, they cannot be used easily in practice because they rely on
the detailed mathematical model of the robot [3, 4].

Recently there are many discussions on the use of neural networks in robot
control. This paper proposes a type of efficient intelligent control method of
robotic joint based on a novel CMAC-type neural network. The implementation of
the controller needs no robot model knowledge. This feature enable the robot to
perform fast tracking tasks with high performance, the simulation results verify

that the control strategy is effective.



2. Dynamics of robotic joint

A. Continuous Dynamic Model of Robotic Joint

The controlled plant is a robotic manipulator with two joints: shoulder joint
and elbow joint. The aim is to design the joint controller to perform fast tracking
task. The dynamic model of the two joints in continuous form are respectively

described as:
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where 7. and r,. are respectively the applied driving torques for shoulder and
elbow; ¢, andg, the shoulder joint acceleration and velocity; d,,q,and g,the elbow
joint acceleration, velocity and position, and C, =cosq,, C, =cosq,, S, =sing,,
S, =singq,.

B. Discrete Dynamic Model of Robotic Joint

For the control algorithm is implemented by computer, according to Eq.1

and Eqg.1, when we choose sampling time t, = 0.06s, we can respectively conclude

the dynamic models of the shoulder joint and elbow joint in discrete form as

follows:
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According to Eq.3 and Eq.4 , we can conclude the inverse dynamic model

of the joint in discrete forms as
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3. Robotic joint intelligent control scheme based on FFI-AMS neural

network

As described by Eqg.5 and EQq.6, f,C and C respectively represent
nonlinear functions describing the corresponding inverse robot dynamics of
shoulder joint and elbow joint, however, the two relationship functions are very
complex duo to the model uncertainty and the external disturbances, moreover,
there exists strong between the robotic joint, so the scheme based on accurate

mathematic model is not feasible, we present a intelligent control scheme of the

NFI-AMS
+
PID + joint T

Fig.1 Block of intelligent control scheme

robot joint.

The control scheme includes two main parts: NFI-AMS -based intelligent
controller and PD controller. The former is used as a feed forward unit in parallel



with the later which is used as a feedback unit, The control block diagram is shown
in Fig.1. The NFI-AMS is used to learn the inverse dynamic model of the robot
joint and calculate the driving torques required to follow the desired trajectory
exactly. In fact, the FFI-AMS-based controller plays even more important role

during the whole control process [5].

However, the functions C and %€ are difficult to be determined
accurately in practice [6], and the involved complex computations are uneasy to be
implemented as an essential part of real-time controller. As described in Section 1,
the NFI-AMS has a strong ability of approximating any function relationship, just
based on this point, we apply NFI-AMS to learn the function relations described by
Eqg.5 and Eq.6. The NFI-AMS is used to predict the driving torques required to
follow a desired trajectory, There exist two independently NFI-AMS (NFI-AMS 1
and NFI-AMS 2) served as feed forward units in parallel with respective PD
controllers in the manipulator control system, which is shown in Fig.1.

The NFI-AMS — based robot joint intelligent control method is proposed as

following formula.
U =Upg_ams T Upip (7)

where u,., .. represents the control signal of NFI-AMS _based controller,

andu,, he control signal of PID controller.

4. Design of NFI-AMS_based controller

A. Newton's Forward Interpolation Based Associative Memory System
(NFI-AMS)

In order to reduce the computational effort, it is necessary to develop an
implicit expression, in which all the discrete differences (instead of the function

values themselves) of  f(s,s,,--sy)are directly used in the interpolation

algorithm. AN -variable high-order polynomial function can be approximated by
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It can be easily proved that total number c,, , ‘s is
n.=n, =Ci., 9)

Tolle et al. indicated that the weights number strictly depended on the

coefficient of a N -variable polynomial function in the form of
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where s =[s,,s,,--s,]. Thus, the total number of its coefficients is

n,=1+Cy +C{, +---+C{,,,+=C{ (11)

N+ 22— N+u

So n, pieces of independent information is enough to approximate u-th

order polynomial function in a specified N -dimensional input space.

B. Dedsign of NFI-AMS_based Controller

NFI-AMS is used to model the inverse dynamic of the joint, i.e., Eq.5 and
Eq.6, respectively. With uncertainty and external coupling of the joint control
system for the robot, the NFI-AMS should be able to learn on-line and satisfy the
performance in real time [9, 10].

NFI-AMSL1 is designed for shoulder joint, and NFI-AMS2 for elbow joint.
Both the two NFI-AMS have the same structure with six-dimensional input and

one-dimensional output. Let the input state vector x, to NFI-AMS1 be formed



from the variables q, ¢ ", q, & -130, € -2, € Ju, € -1_and q,&-2_, and the function f, €
of NFI-AMSL1 correspond to the function f, €. Similarly, let the input state vector
x, of NFI-AMS2  be formed from the variables g, &
0, €-10,€-2,0,€ 0, €«-1,and ¢ ¢-2, the functionf,{ of FFI-AMS_NN2
correspond to the function f, . The parameters of both two NFI-AMS s are as

follows: input dimension: N =6; output dimension: N, =1.

Gy (K) —>

k-1 ___,
o(k-2)___,

k___ | 2| W

Q. k-)—*

NFI-AMS-based controller

G (k-7 >

Fig.2. The structure of the NFI-AMS based controller

Each control cycle consists of a training period and a controlling period. At
the beginning of each control cycle, a training step is executed, The observed state

of the system during the previous control cycle is used as input to the NFI-AMS

~

which produces f, €, , so the training data pairs for the two NFI-AMS is

io Y

respectively chosen as follows:

q, k 4 k-1 >4, k-2 >4, k >4, k-1 >4, k-2 :>[1(k)

The different between the predicted torque f, ¢, and the actual applied
command r,.during the previous control cycle is used for adjusting the weights

stored in the NFI-AMS cells.



After the training period, the learning step is executed. The trajectory
planner determines the desired state of the system for the next control cycle (i.e.,
the desired positions, velocities and accelerations of the actuators) based on the

given desired trajectory. The desired next states s, (i = 1, 2) is then sent to the two
NFI-AMS networks. The outputs of NFI-AMS f, ¢, (i = 1, 2) are assumed to be

estimates of the driving torques required to achieve respective desired states and
added to the outputs of the corresponding PD controllers so as to form the resultant
control commands sent to the robot manipulator joints.

As the NFI-AMS can be continually trained on successive control cycles,

each NFI-AMS function f, €, gradually forms an approximation of the
corresponding inverse system dynamic characteristics f, €, over particular

regions in the state space [7]. Finally, if the future control situation of robot
manipulator is similar to previously trained one, then the NFI-AMS can output a
suitable driving torque. As a result, the state errors will be small and the NFI-AMS
will finally take over the control functionality from PD controller. The NFI-AMS

_based controller is shown as Fig. 2.

5. SIMULATION AND RESULTS

The robot has two rotate joints, in which they can rotate horizontally with
360 degrees. In order to verify the proposed control method, the elbow joint of the
robot manipulator is taken as the example and the simulation tests are made. The
tracking output and error curves of shoulder joint are shown respectively as Fig.3
and Fig.4. The simulation results fully demonstrate that the proposed control

scheme has a more accurate tracking performance than PID controller.
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Fig.3 Elbow joint racking result of PID controller.
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Fig.4 Elbow joint racking result of intelligent controller based on NFI-AMS.
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Chao Xie'*. «Hosass CMAC-HeiipoHHas ceTh I HHTEIUICKTYaTbHOTO
YIPABICHUS pOOOTOM.

B nanHOW cTaThe MNpEAJIOKEH METOJl HHTEIUICKTYaJbHOTO YIpPaBIICHUS
POOOTOTEXHUYECKUM COETUHEHUEM C IMTOMOIIBIO BHICOKOOPTaHU30BaHHOM CHUCTEMBI
C acCOIMaTHBHOM NamsThio, ocHoBaHHOW Ha Mutepnomsiiuu (NFI-AMS), kakum
spisercs: HoBoId Tunl CMAC Heiiponnoit cetn. Cuctema NFI-AMS cnoco6na

MPOCJICIUTh JKEJIATEIbHYI0 TPAeKTOPHUIO C BBICOKOM TOYHOCTHIO. JlMHamuka



pPOOOTOTEXHUYECKOTO COCMMHEHMS W MPOEKT aucrerdepa, ocHoBanHoro Ha NFI-
AMS, chopmynupoBaHa. beIIo mpoBemeHO MHOTO WMCCIEIOBAHUN, PE3YIbTAThI

KOTOPLBIX ITOKAa3aJIU, YTO YIIPABJICHUC BBLIIIOJIHACTCA 3(1)(1)CKTI/IBHO.

Chao Xie'®. «Hosa CMAC-HeilipoHa Mepexa IS IHTEICKTYalbHOTO
KEpYBaHHAM POOOTOMY.

B ganiii crarTi 3ampomoHOBaHO 3aci0 IHTENEKTYyaJIbHOTO KEepyBaHHS
pPOOOTOTEXHIYHUM 3’ €JHAHHSM, 3a JOMOMOTOI0 BHCOKOOPTaHI30BaHOi CHUCTEMI 3
acoIllaTUBHOIO MaM’sIThI0, 3acHOBaHii Ha iHTeproysii (NFI-AMS), skum € HOBHI
tun CMAC neitponnoi mepexi. Cucrema NFI-AMS 3patHa 1o ciiakyBaHHS
OaxxaHOi TpaekToOpii 3 BHCOKOI TOYHICTIO. JlMHaMika pPOOOTOTEXHIYHOTO
3’€IHaHHA Ta MPOEKT aucrerdyepa, 3acHoBaHoro Ha NFI-AMS, chopmymnboBasi.
Byno npoBeaeHo 0arato AOCHIIKEHb, PE3yJIbTaTU SKUX MOKA3aJld, 1110 KEPYBaHHs

BHKOHYETBCA e(bCKTI/IBHO.

Chao Xie'*. «Novel CMAC Neural Network Based Robot Intelligent Control»

This paper proposed a robotic joint intelligent control method via a high-
order Associative Memory System based on the Newton’s Forward Interpolation
(NFI-AMS), which is a novel CMAC-type neural network, NFI-AMS is capable of
tracking the desired trajectory with high accuracy. Dynamics of robotic joint and
design of the NFI-AMS-based controller is formulated. A lot of simulations are
conducted, and the simulation results have shown that the control strategy is
feasible and efficient.

Index Terms: Associative Memory System, Robot, Intelligent control



