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Modeling and Position Control of Human Lower Limb
Rehabilitation Robot using Pneumatic Muscle Actuators

Mohammed Y. Hassan*( Assist.Prof.) Ph.D  Shahad S. Ghintab*

Abstract

The aim of human lower limb rehabilitation robot is to regain the ability of
motion and to strengthen the weak muscles. This paper proposes the
design and modelling of four Degree Of Freedom (4-DOF) lower limb
wearable rehabilitation robot. This robot is located in, hip, knee and ankle
joints to enable the patient for motion and turn in both directions. The
joints are actuated by Pneumatic Muscles Actuators (PMAs). The PMAs
have very great potential in medical applications because the similarity to
biological muscles. This work proposes the structure of the robot to
eliminate the singularity problem that exists in the inertia matrix. Also, the
effects of disturbance on the robot joints and frictions in robot joints and in
PMAs are taken into consideration. The designed robot can be used for
the right side leg of an elderly persons whose ages beyond 40™ years old.
Since the 4-DOF rehabilitation robot actuated by PMAs has high
nonlinearity. An intelligent position controller to control each joint position
is designed and simulated using two schemes; Mamdani PD-like fuzzy
logic and Takagi-Sugeno-Kang (TSK)-PD-like Fuzzy logic to improve the
time response specifications such as minimum overshoot, minimization of
oscillation and disturbance rejection to track the desired medical trajectory.
A comparison between the two schemes shows an enhancement in the
results of the second type as compared with the first one.

Keywords: Position control, Rehabilitation robot, Pneumatic Muscle
Actuators (PMAs), Fuzzy controller.
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List of Symbols
A; Homogenous transformation matrix of frame i.
a; Distance along X; (m)
b PAM thread length (m)
Bf Viscous friction coefficient in (N.m)

Clgq) Coriolis matriy
D (q) Inertia matrix

d; Distance along z;_, (M)
F fiction force (NI
Fi Static friction in (N.m)
Fe Coulomb friction in (N.m)
G (q) gravitational vector torques
kpi, bv; Jko; Proportional, velocity and output gains
L PMA length (m)
n Number of turns of the thread
0 End effector frame
= pressure (Kpa)
Patm Atmosphere pressure 'Kpa)
q Joint angle of link i (rad)
q Velocity (rad/sec)
G Acceleration (rad/sec?)
T Input torque
Tgqi:  External disturbance (N.m)
u (1) Control low
Vs (Stribeck velocity) (rad/sec)
X2 Axes frame of each joint (m)
a Ancle between joint frames
8, Joint angle of link i (degree)
do Stiffness coefficient (N.m.s/rad)
adp Damping coefficient (N.m.s/rad)
T Coefficient of viscous friction (N.m.s/rad).
ALl sy Maximum contraction of the length of
muscle (m)
Oisoie The maximum range of motion (degree)
X; Stribeck speed in (rad/sec)
A, Stribeck exponent.
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List of Abbreviations

DOF Degree Of Freedom

DH Denevit and Hartenberg

FLC Fuzzy Logic Controller

NB Negative Big

NM Negative Medium

NS Negative Small

PID Proportional-Integral-Derivative
PS Positive Small

PM Positive Medium

PB Positive Big

PMAs Pneumatic Muscles Actuators
PD Proportional-Derivative

ROM Range Of Motion

TSK Takagi-Sugeno-Kang

4 Zero

1. Introduction

Damage the central nervous system or spinal cord injuries may result
in such a loss of upper or lower limb motor functions . The process of
strengthening muscles to their normal values is a costly lab or requires
time and patience. This process is named rehabilitation; the restoration of
a person to an optimal level of physical, mental, and social function and
well-being. Physical rehabilitation, in a general sense, aims to maintain,
restore and develop the human body movements through physical therapy
2! The human lower limb consists of three joints hip, knee and ankle joint
as shown in Figure (1) ".One of the most common disabilities resulted
from stroke is Hemi paresis (One-sided paralysis) right side, where the
opposite side (left side) of the brain is damaged by stroke and may affect
the face, an arm, a leg, or the entire side of the body #*According to the
medical fact, the right leg is amenability to paraplegia more than left leg so
this work design rehabilitation robot for right leg.
In recent years, the research on rehabilitation robot has become an
important topic. There are several researches deal with this field such as
Ollinger. et al. in (2007) that propose 1-DOF for knee joint actuated by
electric motor controlled by Proportional-Integral-Derivative (PID) controller
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¥ Moreover, this work is extended in (2010) to propose a 1-DOF for knee
joint actuated by electric motor that uses Inertia compensation emulated
by adding a feedback loop. It consists of a low-pass filter acceleration
multiplied by a negative gain ¥
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Figure (1): Anatomical of Human Lower Limb .

Furthermore, Tu Diep and Tran in (2008) introduced a 1-DOF for knee
joint actuated by PMA controlled by PID with neural network .
Akdo“gan.et al. in (2009) suggested an intelligent controller structure for a
knee rehabilitation robot manipulator with 1-DOF. The controller of the
robot manipulator works based on impedance control ©-Also, Aminiazar.et
al. in (2013) proposes 2-DOF for knee and ankle joints controlled by PD
controller "

It can be noticed from the previous work that they deal with one or two
joints of human lower limb through the design. This causes retraction in
workspace and reduces the flexibility when interact with human motion.
Furthermore, the robots were actuated by electric motors due to their
simplicity of modeling control. Friction in the robot joint, either in the
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actuators or in the joints mechanism and the effect of disturbances was
not taken into consideration in most of the previous works.
In this work, the design a 4-DOF lower limb wearable rehabilitation robot is
proposed; it consists of 2-DOF for hip joint, 1-DOF for knee joint and 1-
DOF for ankle joint. The proposed robot is designed for the right side leg
and its structure can be used for elderly people whose ages are beyond
40™ years old, the reason of choose this age group because this age
group is more prone to stroke based on statistical studies " The PMA
actuator has been adapted in this work. It has many advantages such as
low cost, clean, safety, lightweight and like biological muscle. The problem
of singularity in inertia matrix is solved through adding an extra link. The
effects of friction and disturbances acting on the robot joint are added to
the simulation and the friction of PMA is also taken into consideration.
Comparison between two schemes of PD-like Fuzzy logic controllers
(Mamdani and TSK) is made to control each one of the robot joints in
order to achieve the desired performances, such as minimum overshoot,
minimum oscillation and disturbance rejection during tracking the medical
trajectory.

2. The Structure of Proposed Lower Limb Rehabilitation

Robot

The front view and side view of proposed structure are shown in
Figure (2). Moreover, The frame assignments for a single right side leg of
the proposed lower limb 4-DOF rehabilitation robot are defined and
depicted in Figure (3).

According to the free body diagram shown in Figure (3), the robot consists
of 4-DOF. The first DOF is for Internal/External Rotation for the hip so that
the person wearing the exoskeleton can turn into both directions (left and
right). The other DOFs are Flexion/Extension for hip joint, knee joint, and
ankle joints. These DOFs are sufficient to rehabilitate the motion of a
person’s leg. All the joints in this design are revolute joints; Where the Z-
axis represents the rotational axis for each joint.
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Figure (2): The proposed structure of the wearable rehabilitation robot.
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Figure (3): Frame Assignments for a single right side leg of the
proposed lower limb Rehabilitation Robot.
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2.1 Forward Kinematics:

The first step to design the robot is to défine the parameters and set up
coordinate systems. The forward kinematics of the proposed rehabilitation
robot is performed using Denevit and Hartenberg method.
Homogeneous transformation matrix (4i) is &,

_Ca S SaSa azca—
A= Sa  C4Ca  ~C%GSa  YiSa (1)
I" ..........
Svr.r: Cr::l' d{
0 ¢ 0 I

Wheresy = sinfl,ig =cos@s, =sina and ¢, = cosa, The four
quantities 6; ,a; ,d; ,and a; '€ parameters associated with link i and joint
i, where:

a; = is lhe distance along x; Trom frameaoto the intersection of the x;
anaz;_, axes.

d =is the distance along #;_, from g, , to the intersection of the x;
a8ngz;— 1 axes.

a; = Is the angle between z_;and z;measured about x;.

&; =is the angle between x;_,and x;measured about. z;_,.6;is variable if
jainti is revolute . Depending on the above defnitions tr the parameters
and on the frames shown in Figure (3). the DF parameters are listed in
Table (1). Thus; the transformation matrix 7:* from hip to ankle joint is

calculated as:
T:?4=AI s AZ AT A
0 .

OG5 5 —SICG S —Stz GGG S5 HEGG HG |
COS175853512 —GS127GSS12 Qo GBS0 CeaSaS3S1 RG0Sy
5GBS 3% GG 0 S ASs

0 0 0 1

.2)
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2.2 Dyhamic Analysis:

By usinc the Euler Lagrange Equation, the general dynamic
equation of robctic systems is given in joint space matrix as:

D(qlg +Cqq)d +Fq +G(q) +tdis =T...........ceenn. (3
Where: g € R" is the nx1 vector ofgeneralized joint coordinates desciibing
the dose of the manipulator or the joint variable N-vector. g e k™is the
vector of joint velodties. g € R™ Is the vector of joint acceleratons I'(g) €
R"Mjs the a*n symmetrc jint-space inertida matry. (g g) <
R""gescribes Coridlis and centripetal torques, F(q ) ¢ R" is the friction
vector, G(g) € R" i35 the gravitational loading nx1 vecor torques, 7, =
R™represents cistubances which are bounded, and T € R" is the joint %7
wactor of the generalized input torques {8

The dynami: equatons tha describe the proposead 4-DOF lower limb
rehabilitation rbot ars:

Ty=dyqy+ 012q7 +di395 + dyds + G1agd + G1agid + Caaq,g; +
Cop s @ ¥ Co2p Gafly +Cazi0a0n +F042:000% FOyaa0r s +onytnils +
ConGafy + Con G395 FC140 1G5+ Coa GGy + Cas GG + Can1 gy + 0(g, ) 4+
FIg) + Tageqg-comeeririnnnnne.. (4)

T, = ‘i:_' g1+ d220; +d23'ﬁ_ t+ dyqs + fr1zGidr ¥ G126:91 + Carzqugy +
Cao @32+ Co2Qidz HC12:G1G:+ C232G:q5 + 014294 + Caz gy + 0(qg2) 4
F(&) + Tasz s (5)

T3 = d: g1 + da2G; +ﬂ'33f{-'3'. +Id:an{ + 0136191 G136 + G, *
CJ:;FJ‘[‘?} + Ca:qa0z FCax3GaG5+ CrasG Ga + Caaa iy F Caas g + 0(g3) +
Flg;)+ tass w--. (B)

Ty = dy1qy+ A42qz +dasgs + dygy + c19a6Gg) + Cageqy +0249195 +
C224G2G7 +C224G3G3 +€12401G3 +C214G3G7 +00q4) 4 F(Ga) +Taisa-... (7)

2.3 Joints Friction model:

The nonlinear friction is one of the important factors that affect the
motion equation. The
Friction is assumed to be described by the so-called LuGre model. The
LuGre model considers friction as a function of the bristle displacement,
bristle velocity and the system velocity
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Fimades =02 +01 22 Ff(0)novnnsni v (8,
Z = U — Oy |1_.'-||=|= ) b B oy TR (Q)
\Vhere (z) is 'h2 average deflecton of he brisiles bebre slipping, (a,)is
tneir stiffness coefficient in(N.m.s /rad), (o) is the damping coefficient in
( N.mn.s/rad) which stabilizes the dvnamics in the Stribeck region and
(g,) is the coefficient of viscous friction in (N.m.s frad).

Tha g(v) function. madele the Stribeck effect es a function of velocity. If (vs)
is tke velosity &t which Strbeck effect takes place (Stribeck velocity)
(rachisec), then g(v) can be expressed as &

LT T AT ¢ A =T (10)
T ) = 2 %07 (11)

vis the sliding speed coefficient which determines the stribeck curve and g
(v)is such that fc< g (v) < fs.

2.4 Solving Singularity problem:

The Jacobian matrix is one of the most important quantities in the analysis
and control ofrobot motion. Previous research works, assumed that the
torques of two DOFs at the same joint is the same for simplicity. This
causes singularity in (D) inertia matrix related to the singularity in jacobain
matrix. In this work, it is assumed that the frame assignment started from
pelvis and derived the dynamic model to get torque for each DOF in order
to solve this problem. In this case, depending on how the DH parameters
have been assigned, a value of (a1= d) is assumed the distance between
frame zero and frame one as shown in Figure (3).

3. PMA actuators '%:

The PMA is composed of an air-tight tube surrounded by an
inextensible braided mesh, a Schematic is given in Figure (4-a). As the
internal volume is pressurized, the tube expands radially and shortens in
the axial direction, which generates a pulling force in the axial direction.
This functioning mechanism is represented by the schematic given in
Figure (4-b). This makes the PMA very simple and light-weight device, and
gives it a considerable higher power density than other traditional
actuators. The amount of force generated by the PMA decreases with the
contraction of the muscle, a similar characteristic to that of biological
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muscles. Thus, due to the high power density coupled with similar function
of biological muscles, the PMA has been utilized frequently in mobile
robotics, specifically with humanoid robotics as well as robotic
rehabilitation. The reasons of using this type of actuator in this work are
because its low mass, excellent power/weight ratio, inherent safety,
natural compliance, cleanness and low cost. Pair of PMAs put into
antagonism configuration imitate a bicep-tricep system and emphasize the
analogy between this muscle actuator and human skeletal muscle. To
control exactly the pressure in each muscle, pair of proportional directional
control valves is used to control the air mass flow charging and
discharging in the muscles.

i
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(a) : Schematic of PMA. (b): PMA under pressure.

Figure (4): Structure of PMA "%,

When the control signal is changed, the pressure in muscles is changed.
As a result, the lengths of the actuators change, (if one muscle shortens,
the sesuna one js ‘engthen approximatela/ the same amount) and the
forces 2xerted maves tha robot leg rotate {19,

The foice ineach ruscle Is:

32 —b%)
Fiz = (P32 "mej{"igmnz }
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The main objective for this design is to match the maximum torque and the
range of motion requirements for joints. The design of the lower limb joints
consists of cable-pulley mechanism to translate the linear motion of the
PMA to a rotary motion. Therefore; in order to provide the proper range of
motion and the required torque, the radius of pulley s the most critical
design constraint. To properly size the pulley, first the range of motion and
torque reqiirements of the joint ere needsd. The pair of antagonistic
muscle acliators produces the torque (T) n(N.mjon e pulley wheel
which can be defiined as:

T=F ~F) Ry =1.0+b.0+kO +Frpyg coccvviviennnnn. (13)
Vhere ine rediue <f *hea nulley Ryu(m) can ke calculated by

R =Bhbins «-oomer e (14)

Orex

Aljsain (M) is the mraximum contraction of the length of muscle and
@ray in (dearee) is the maximum range of motion. This torque is used as

an inputto the rohot. "he PMA friction i presented by the following static
model "

Fon if )
Frema = Fl6=0 and|F|<Ff = o (15)
k. sgni(F,) otherwisex =0 and|F | > F,

Where F(v) is an arbitrary function and F. is the static friction in (N.m).
Th%ﬁ"*’“m"r‘ function cem is repreaented by a Sribeck nonlinear function
as\''"

LAVE

Foy =Fe + (Fs—Fc)ie %8 4BpBviornnninisisieieneeeeseeiee oo (16)
\Where F- 5 Coulamb friciion in (N.m), 8 s angular velocity in (rad/sec),xj
is the Stribeck speed in (rad/sec), Bf is the viscous friction coefficient in
(N.m) and 8, is the Stribeck exponent.

4. Simulation of the Proposed Rehabilitation Robot:

The structure of the proposed tehabilitation robot depends on the standard
dimensions of human body length and mass for a patient of age beyond
40™ years old ¥, where(a; =0.1m) represents the length between the
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pelvises to the hip joint, and the links (a; =0.48m) end (a; =0.44m) ere
equivalent to the thigh, and calf of hyman body respectively. Range Of
Motion (ROM) of rehabilitation robot must be more than ROM of
biologicalhuman during walking and less than maximum ROM to make the
design of rehabilitation robot more flexible and don’t restrict the motion of
patient. The selected ROMs of the proposed design are listed in Table (2).
Two four-way proportional control valves, (FESTOMPYE-5-M5-010-B),
were selected to control the airflow of the PMAs. It can adjust flow-rate
according to the input voltage within the range from 0 to 10 V by changing
the spool position. Depending on the ROM of the proposed robot and the
peak torques for the joints of a human leg listed in Table (3), the radius of
pulley can be calculated according to equation (16).Given 10% maximum
contraction of the muscle length, where the length of each muscle is 0.5
m, the maximum contraction of the length is 0.05 m and depending on the
ROM, the selected radius of pulley for the joints are 0.038 m, 0.038 m,
0.044 m and0.057 m respectively. The torque calculated by equation (12).
The parameters of the PMA and the proportional directional control valves
are depicted in Table (4). The disturbances that affect in this biomedical
rehabilitation robot are come from the convulsions in the human leg
muscles. One of the functions used to represent the disturbances
generated from the unexpected shocks and stack to th€ human eg is the
sinusoidal signa. The disturbance is represented in this work by:

Tais — A Siﬂ(Wf:l ....................................................... , {1?)
In this work assune the frequency of disturbance is w = 1radsec, and
amplitude A = 41, where this value is sufficient to descibe the
convulsions for yuman lower leg.
However, the parameters of the joint friction model and PMA friction model
are listed in Table (5), and Table (6).

5. Controller Design:

Since the 4-DOF rehabilitation robot and PMA have high nonlinearity,
Fuzzy Logic Controller (FLC) has the ability to deal with this nonlinearity
and to achieve tracking performance such as minimum overshoot,
mnimum oscillaion and disturbance rejection. A FLC of Mamdani PD-like
Fuzzy type s desighed. The inputs of the controller are the (error (e) and
rate of error (&) ) Where the control signal is:

WIE) ZEPie(t) FRUE(E) e (18)
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Seven Gaussian shaped membership functions are used for each input
and output, see Figure(5). The inputs and output scaling factors are
defined as:

(proportional gain (kp), derivative gain (kv), and outputgain (ko)).The
linguistic variables of the membership functions of the FLC are; NB
(Negative Big), NM (Negative Medium), NS (Negative Small), Z (Zero), PS
(Positive Small), PM (Positive Medium), and PB (Positive Big). The
universe of discourse for (e,2) is taken within (-1,1) and the output
universe of discourse within the range (0,1). Since, the valve takes
positive values of voltage as input. The rules are listed in Table (7)
and where selected by several trials to reach the best response.Also, the
values of gains (kp, kv, and ko)are tuned manually by several trials to
achieve the desired specifications such as minimum in overshoot,
minimum in oscillation and disturbance rejection, see Table (8).

T
S
I
I
|
|
\

ad v

Figure (5): Inputs and output Membership functions.

A medical trajectory for the lower limb rehabilitation robot is
selected as sinusoidal signal with frequency equal one Hz where this
value approximately smellier to frequency of human during walking. This
trajectory represents the left and right rotation for the first DOF, and flexion
and extension for other DOFs. Figure (6) shows the block diagram of the
closed loop controlled system of 4-DOF robot actuated by PMA and
controlled by PD-FLC. Moreover, Figure (7) shows the Simulink of closed
loop system.
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Figure (6): Block Diagram for closed loop system.
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Figure (7): Simulink of the closed loop lower limb rehabilitation robot (4-
DOF).

The Simulink block of the dynamic model is shown in Figure (8), equations
(1 to 7), and the Simulink of the valves and PMAs is shown in Figure (9),
equations (11 to 13). Moreover, the Simulink of the joint friction model is
shown in Figure (10), equations (8 to 10). Also, the model of friction of
PMA is shown in figure (11), equations (14 and 15).
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Figure (8): Simulink of the dynamic model of the robot (4-DOF)
robot with friction and disturbance.

Figure (9): Simulink for PMAs and valves.
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Figure (10): Model of joint friction.
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Figure (11): PMA friction model.
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By applying the reference trajectory on the joints of the robot, the joints
angle responses are shown in Figure (12). It can be motive from the
results that the friction, disturbance and the nonlinearity of the dynamic
model have a strong and negative influence on the response of robot
joints. So, the Mamdani fuzzy control algorithms cannot guarantee the
needed control precision. In order to cope with these influences, a FLC
TSK type is used. Using the same specifications of the Membership type
for the inputs and select the output Membership functions of the output as
seven linear ones, Figure (13) shows the response of the closed loop
controlled system using TSK PD-like fuzzy controller.

1 .
{\;

) 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

(a): Hip internal/ external rotation angle. (b): Hip flexion/
extension angle.

(c): Knee flexion/extension angle. (d): Ankle flexion/ extension
angle.
Figure (12): Closed loop joints angles response using Mamdani PD-
fuzzy controller.
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Figure (13): Closed loop joints angles response using TSK-PD-

fuzzy controller.

6. Conclusions:

In this work, 4-DOF lower limb rehabilitation robot was designed and
simulated. It was actuated by using PMAs and the effects of frictions and
disturbances were taken into consideration. The singularity problem of
inertia matrix was solved by adding a fixed link to the structure. Position
controllers incorporate Mamdani type and TSK type PD-like fuzzy logic
position controllers were used to control the robot. A comparison between
the results of the Mamdani type and (TSK) type shows the superiority the
TSK-PD-like fuzzy controller to satisfy the desired requirements such as
minimum overshoot, minimization of oscillation and disturbance rejection
as with using Mamdani type. The percentages of enhancement for the
oscillation error in the position are 66%, 92%, 81% and 93% for each DOF

respectively.
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Appendix

Table (1): DH Parameters
Joint [ Movement [ ;"7 =" ol L]
Hip I/E 0 [m 0 |

Rotation il .
Hip F/E 90 | O ‘ 0 |~
Knee F/E o [ o0 [=
Ankle F/E 0 [+ 0 [z

Table (2): ROM of joint angles of proposed robot.

DOF ROM
I/E rotation (Hip) +15° to -60°
F/E (Hip) +60° to -15°
F/E (knee) 0° to -65°
F/E (ankle) +15° t0 -35°

Table (3): The values of peak torque {13}.

Joint / segment Biol.ROM Peak
movement (max) torque
Hip / internal/external | +15° to -60° 602k,
rotation TN
Hip flexion/extension | +140° to -15° | 65 A
L]
Knee 0° to -140° 60 v som
flexion/extension AL L2
Ankle +20° to -50° 60 v om
flexion/extension AL L2
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Table(4): Parameters of the valve and PMA {10}, {11}.

Parameters of
actuator system

Value

Valve constant

-

=¥ 315745

Maximum effective
area of valve

Valve coefficient of
discharge

1'0 4V

Fa PEY -
=]

— .5 l.".'.q/'-p

+= 10 .
PO R ES L e
1o~

A9, 204

~r

L = =
x =
rr

ratio of specificheats |, =14

the gas temperature, |~ 293

critical pressure ratio | 7. -<.528

Supply pressure fe=e405 oo |
the atmospheric =0 528

pressure AR AR B
fixed muscle thread Pac07 o0 "

length - e

the number of turns of | = — 2.4

the braided threads e

The initial length of the | = 5

muscles wEp = )
the moment of inertia | :**.."".154

the damping ,“_ ::.Ol T
coefficient E n-la

the stiffness coefficient
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Table (5): Joint Friction Parameters {7}

Friction Value Friction value

parameter parameter

i 0.1 ars 1 Nm
ZniFNess Nms/rad | £=.;,omb

coefficient friction

e TTE Fe i

=he 50 Foytemeic | 1.5 Nm

Sanping Nms/rad | & inst™"
coefficient
El=t

ol 104 i 1
“officient | Nms/rad | Ziribeck rad/sec
of viscous velocity

friction

Table (6): PMA friction parameter {11}.

Friction parameter Value
Stribeck exponent =2
Coulomb friction Fc=24 Nm
Viscous friction | == Nm
coefficient Nm BT
External Load acting on | FL=8 N
the piston
Static friction Fs=65 N
Stribeck speed rad/sec |, s=65D*-3
rardfsec
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Table (7): Rules of PD-like position FLC.
/- [NB[NM[NS| zZ [PS|[PM]|PB

NB |[NB|NB|NB|NB|NM|NS| Z
NM | NB|NB|NB|NM|NS| Z |PS
NS INB|NB|[NM|NS| Z |PS|PM
V4 NB|NM|NS| Z |PS |PM|PB
PS [NM|NS| Z |[PS|PM|PB|PB
PM |[NS| Z |[PS|PM|PB|PB|PB

PB Z |[PS|PM|PB|PB|PB|PB

Table (8): gains of the PD-like FLC

Gain Value
Kp1 0.049
Kv1 0.2
Ko1 10
Kp2 0.033
Kv2 0.04
Ko2 10
Kp3 0.044
Kv3 0.1
Ko3 10
Kp4 0.066
Kv4 0.04
Ko4 10
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