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An efficient orientation filter for inertial and
Inertial/magnetic sensor arrays

Quaternion representation

m A quaternion is a four-dimensional complex number

= An arbitrary orientation of frame B relative to frame A

84
. Za
=B
A
\
\ A~
1' 9 Ag X
\ 5 IB
- -
\ -~ .
AY
Ay
A
A * A
A Ip

= Arotationofangle e around an axis *f defined in frame A
AP = (Irx Iy Iz)

80=(d1 92 O3 Ga) = (Cos[Z] -rxSin[£] -rySin[Z] -r;Sin[$])

= A quaternion conjugate

8" =80=(01 -0z -0z -0a)

= A quaternion product ®

¢6 = 2qexq
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= Hamilton rule
a®b= (a1 a az as)® (b1 by bz by)
a; by -axby-azbz-as by
a1b2+a2b1+a3b4—a4b3 T

a1b3—a2b4+a3b1+a4b2
a1b4+a2b3—a3b2+a4b1

= A three dimensional vector

fv=500"vegsq

= The orientationf§ » The rotation matrix
297-1+209% 2(9203+0104) 2 (0204 - 01 03)

8R=[2(0203-01ds) 20f-1+203 2 (d3CGa+0s102)
2(920a+0103) 2 (GaGa-0idz) 203-1+203

m Euler Angle
¢ around Rz, © around ¥y, ¥ around 2z

¢ = ArcTan[ARa3, AR32] = ArcTan[29?-1+20%, 2 (43 04 - 91 J2) ]

6= -ArcTan[w/ 1-8R3; , fRa1] = -ArcSin[2 (g2 g4 + g1 d3) ]

¥ = ArcTan[gR11, §R12] = ArcTan[29f -1+203, 2 (02 Oz - 01 0a) ]

Filter derivation

Qrientation from angular rate

m A tri-axis gyroscope

= The angular rate

Sw= (0 wx wy wz)

m The quaternion derivative

1
0= 5 240%
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m The quaternion derivative measured at time t

1

s s s
Eu,t = > Elest,t-1® 0t

m The orientation of the earth frame at time t

S S S
Edw,t = EQest,t—l +g0,,¢ At

The samling period At

Orientation from vector observations

m A tri-axis accelerometer (Linear accelerations due to motion)

the field of gravity

m A tri-axis magnetometer (Local magnetic flux and distortions)

the earth” s magnetic field

= A quaternion

2= (01 92 O3 Oa)

m A predefined reference direction

Ed= (0 dx dy d;)

m The measured direction

S¢=(0 sx sy s7)
m The objective function

f[2q, Fa, 58] - 2" ®Fd®Eq - 58
= A quaternion may be found

min f[2q, fd, °8]

gqe r?
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The gradient descent algorithm

= An orientation estimation of 24,,,,

vf[2q, Fd, 8]
[vr[a. 7@ 5] |

s S
EOk+1 = 0k - m

=0,1, ., n
A step-size u
m The gradient of the solution surface (General form)
vF[2ax, A, 8] = J7[2ak, FA] F[2qy, 54, °8]
m A objective function
2dx (5 -03-0F) +20dy (4104 +0203) +2d; (G2 Ga - U1 U3) - Sx
F[E0x, A, 58] = | 2dx (4293 - 01 04) +2dy (5 -03-0F) +20d; (9102 + O3 Ga) - Sy

20y (9193 +92Ga) +2dy (0304 -01 02) +2d; (3 -03-03) -5,

= Jacobian

J[Bax, Fd] =

2dygs-2d; 03 2dygs+2d; 04 -4dyqs+2dygx-2d;01 -4dxda+2dyq:+2d; 0z
[—2dxq4+2dzq2 2dx0g3-4dy02+2d;qx 2dx g2 +2d; Q4 -2dxQg1-4dygs+2d; 03
2dXQ3—2dqu 2dXC]4—2dyql—4dzC]2 2dqu+2dyQ4—4qu3 2quZ+2dyQ3

|

The direction of gravity (the vertical axis, z axis)

m An appropriate convention (the equations simplify)

Eg=(0 0 0 1)

» Normalized accelermeter measurement

Sa= (0 ax ay az)
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m A objective function

2 (02 G4 - 01 G3) - ax
4189, Sa] = [2 (4192 + 03 da) —ay]

2(3-03-093) -
= Jacobian
-203 244 -201 2C12]

Jg[éQ]=[ZQ2 2d1 2092 203
0 -4q92 -4ag3 O

The earth's magnetic field (one horizontal axis, the vertical axis)

m An appropriate convention (the equations simplify)

Eb= (0 bx 0 by)

m Normalized accelermeter measurement

Si= (0 my my my)

m A objective function

2by (3 -0§-0F) +2b; (02 04 - 01 G3) - My
fy[20, ©6, SM] = | 2bx (23 -1 0a) +2b2 (41 G2 +G3 Ga) - My
2y (9193 +92Ga) +2b; (5 - 03 -03) -m,

= Jacobian
-2b; g3 2bz Q4 -4bx0gz-2b;q1 -4bxgs+2b;Q2
Jo[2q, B6] = | -2bxqa+2b; Q2 2bxqz+2b, a1 2bxQ2+2b,qs -2byq:1+2b, Q3
2 by g3 2bxqs-4bz02 2bxgr-4b;0s 2 by g2

The solution surface - minimum

m The objective function

(24, Sa
aolia. a6, o) < N

fy[20, 56, ]
= Jacobian

3,7 S
3.5[50. 6] - [ o [24] ]

JpT[2Q, 6]
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The estimate orientation Eqv,t

s S
Edv,t = £Q - Ut
est,t Ezd

m The convergence rate governed by y; = the physical rate

Aprevious estimate of orientation g0ese .1

m The objective function gradient

Jg"[BQest, t-1]1 Tg[Blest,t-15 at]

vF=
{‘]g,bT [EQest,t—l’ EB] fg,b[EQest,t—l1 sa, EB! Sm]

The convergence rate of £q,

The physical orientation rate Eqw,t

= An optimal value of the step-size

ut=a|EQw,t|At’a>1

Filter fusion algorithm

m An estimated orientation

E0est,t = ¥t 20v,t + (L - ¥t) EQu,t> OSye <1

Iﬂ,%

The weighted divergence of §q, == The weighted convergence of £qy
B K

At

= The magnitude of a quaternion derivative == The gyroscope measurement error

Ht
1- =y X
(1-vt) B=vt X

B

bt
ot tB

Yt =
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m The optimal fusion

= the convergence rate of 2qy > a » the physical rate of change of orientation

s . vf
Edv,t = —Ht Kz
B At
Yt =
Ht
m Simplify

= An estimated orientation

B At
Ut

vT s s
(‘Ht ) +(1-0) (BQest,t-1 + EUw,t AT)

S
t.t =
EQes 2l

= Simplified to equation
BOest, ¢ = EQest, t-1 + Elest, ¢ AT

m The estimated rate of change of orientation
BUest,t = 0o, ¢ - BEAc ¢

m The quaternion derivative measured at time t

1
s s s
Elu,t = > Elest, -1 ® 0wt

m The direction of the error of qust,t

vT
| v |

Ede,t =
The estimated orientation rate 2Qest
The rate of change of orientation measured by the gyroscopes £q,,

The direction of the estimated error 4.
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Magnetic distortion compensation

m Declination errors

The horizontal plane : the earth® s surface (Heading)

m [nclination errors

The vertical plane : the earth® s surface (Sensor " s attitude)

m The measured direction of the earth's magnetic field in the earth frame at time t
EAe = (0 hx hy hz) =EQesr, 1.1 @M ®Eqest, 11

“be=(0 +/Rz+hz 0 h,)

Gyroscope bias drift compensation

m With temperature and with motion

Karman - based approaches - estimate the gyroscope bias

Mahony et al -» gyroscopebias drift (the integral feedback of the error)

The normalized direction of the estimated error in the rate of change of orientation g4,
= The gyroscope bias Swy,
Swp,e =& ste,t At
t
The integral gain ¢
m DC component of Sw,
Swe,t = 2 20ast,t-1 ®F0c ¢

= Gyroscope measurements Swc

S S S
Wc,t = "Wt - "Wp,t
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Filter gains

The estimated mean zero gyroscope measurement error of each axis ag
m The filter gain
1 o 3
B = —EQ®(O wp Wp Q)B)l= Z—w,;
The estimated rate of gyroscope bias drift in each axis @,

m The filter gain

/37
£=¢ Zw:

Block diagram

= [IMU

Accelerometer “é; —» J?(%qest,t—l)fg(%@est,t—laSdt) ¢
v
VI
IV

Gyroscope Sy — E%QEst,t—1®Swﬁ —N\J/l—D/dt >

|

4 4

g .
qust,t

S
qust?t
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= MARG

g - S .n S sk
Eest -1 &7 ®EQest}ﬁ—1

A
[ 0 /R2+R2 0 h, ] |
_________________________________ Magnetic distortion
h
Magnetometer ~ 77, » I 5 . mi S
J Qosi 1, O Qooi 11, @, " bs, " 1) |«
Accelerometer S&t » 9;5(qust,t 1> ﬁ)fg,b(EQest,t i» > Ty )
5 . | vF
Sk S X -
/ At 2Eqsst,t—l @ Eqs}ﬁ ‘*W )
3 f z
—¢— : —¢— 3
Y% B
______ l - . Gyroscope drift l,
= | 1a. = q
G}’I‘OSCOpe Swt_"-—i><' =§%qest,t—1 ®ch,t_'ti_. ,—. / b m
h S . F
EQest,t 1
Z

=
qust,t

MATLAB

= Quanternion Conjugate

qConj = quaternConj (q)

gqConj = (g1 -0O2 -O3 -0Oa)

qConj=[q(:,1)-q(.2)-q(:,3)-q(:4)];

m Quanternion Product

ab = quaternProd (a, b)

ab(:,1)=a(:,1).*b(:,1)-a(:,2).*b(:,2)-a(:,3).*b(:,3)-a(:,4).*b(:,4);

ab(:,2)=a(:,1).*b(:,2)+a(:,2).*b(:,1)+a(:,3).*b(:,4)-a(:,4).*b(:,3);
ab(:,3)=a(:,1).*b(:,3)-a(;,2).*b(:,4)+a(:,3).*b(:,1)+a(:,4).*b(:,2);
ab(:,4)=a(:,1).*b(:,4)+a(:,2).*b(:,3)-a(;,3).*b(:,2)+a(:,4).*b(:,1);
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m Quanternion to Rotation Matrix

R = quatern2rotMat (q)

R(1,1,) = 2.*q(;,1)./2-1+2.%q(:,2)./2;
R(1,2,:) = 2.%(q(:,2).*q(:,3)+q(:,1).*q(:,4));
R(1,3,) = 2.4(a(:,2).*a(:,4)-a(:,1) *a(:,3));
R(2,1;) = 2.4(q(:.2)-*q(:,3)-(:,1).*a(:.4));
R(2,2,) = 2.*q(:,1)."2-1+2.*q(:,3)."2;
R(2,3,1) = 2.4(q(:,3)-*q(:,4)+a(:.1)-*q(:,2));
R(3,1.) = 2.4(a(:,2)-*q(:,4)+a(:.1)-*q(:,3));
R(3.2,)) = 2.4(q(:,3).*q(:,4)-9(:,1).*a(:,2));
R(3,3,:) = 2.%q(:,1)."2-1+2.%q(:,4)."2;

= Quanternion to Euler

euler = quatern2euler (q)

R(1,1,)=2.#q(;,1).A2-1+2.%q(:,2)./2;
R(2,1,)=2.4(q(:,2)-*q(:,3)-a(:,1)-*a(:,4));
R(3,1,)=2.%(q(:,2)-*q(:,4)+a(:,1)-*a(:,3));
R(3,2,))=2.4(a(:,3).*a(:4)-a(:,1).*a(:,2));
R(3,3,:)=2.*q(:,1)."2-1+2.*q(:,4)."2;

phi=atan2(R(3,2,:),R(3,3,));
theta=-atan(R(3,1,:)./sqrt(1-R(3,1,:).72));
psi=atan2(R(2,1,:),R(1,1,));

euler=[phi(1,:)" theta(1,:)' psi(1,:);

m Euler to Rotation Matrix

R = euler2rotMat (phi, theta, psi)

R(1,1,:)=cos(psi).*cos(theta);
R(1,2,:)=-sin(psi).*cos(phi)+cos(psi).*sin(theta).*sin(phi);
R(1,3,:)=sin(psi).*sin(phi)+cos(psi).*sin(theta).*cos(phi);

R(2,1,:)=sin(psi).*cos(theta);
R(2,2,:)=cos(psi).*cos(phi)+sin(psi).*sin(theta).*sin(phi);
R(2,3,:)=-cos(psi).*sin(phi)+sin(psi).*sin(theta).*cos(phi);

R(3,1,:)=-sin(theta);
R(3,2,:)=cos(theta).*sin(phi);
R(3,3,:)=cos(theta).*cos(phi);

m Rotation Matrix to Quanternion

q = rotMat2quatern (R)

[row col numR]=size(R);
g=zeros(numR,4);

K=zeros(4,4);

for i=1:numR
K(1,1)=(1/3)*(R(1,1,i)-R(2,2,i)-R(3,3,i));
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K(1,2)=(1/3)*(R(2,1,i)+R(1,2,));
K(1,3)=(1/3)*(R(3,1,i)+R(1,3,i));
K(1,4)=(1/3)*(R(2,3,i)-R(3,2,i));
K(2,2)=(1/3)*(R(2,1,)+R(1,2,i));
K(2,2)=(1/3)*(R(2,2,i)-R(1,1,i)-R(3,3,i));
K(2,3)=(1/3)*(R(3,2,i)+R(2,3,));
K(2,4)=(1/3)*(R(3,1,i)-R(1,3,));
K(3,1)=(1/3)*(R(3,1,)+R(1,3,i));
K(3,2)=(1/3)*(R(3,2,i)+R(2,3,));
K(3,3)=(1/3)*(R(3,3,i)-R(1,1,i)-R(2,2,i));
K(3,4)=(1/3)*(R(1,2,i)-R(2,1,i));
K(4,1)=(1/13)*(R(2,3,i)-R(3,2,));
K(4,2)=(1/3)*(R(3,1,i)-R(1,3,));
K(4,3)=(1/3)*(R(1,2,i)-R(2,1,i));
K(4,4)=(1/3)*(R(1,1,)+R(2,2,)+R(3,3,));
[V.D]=eig(K);

%p=find(max(D));

%q=V(..p);

q(i.)=v(.4)"

q(i,)=[a(i.4) a(i.1) a(i,2) ai.3)];

end

m Axis Angle to Quanternion

q = axisAngle2quatern (axis, angle)

gO=cos(angle./2);
gl=-axis(:,1)*sin(angle./2);
g2=-axis(:;,2)*sin(angle./2);
g3=-axis(:,3)*sin(angle./2);
9=[q0 q1 g2 q3];

m Rotation Matrix to Euler

euler = rotMat2euler (R)

phi=atan2(R(3,2,:),R(3,3,3));
theta=-atan(R(3,1,:)./sqrt(1-R(3,1,:).72));
psi=atan2(R(2,1,:),R(1,1,));

euler=[phi(1,:)" theta(1,:)' psi(1,:);

m Axis Angle to Rotation Matrix

R = axisAngle2rotMat (axis, angle)

kx=axis(:,1);
ky=axis(:,2);
kz=axis(:,3);
cT=cos(angle);
sT=sin(angle);
vT=1-cos(angle);

R(1,1,:)=kx.*kx.*vT+cT;
R(1,2,:)=kx.*ky.*vT-kz.*sT;
R(1,3,:)=kx.*kz.*vT+ky.*sT;

R(2,1,:)=kx.*ky.*vT+kz.*sT;
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R(2,2,:)=ky.*ky.*vT+cT;
R(2,3,:)=ky.*kz.*vT-kx.*sT;

R(3,1,:)=kx.*kz.*vT-ky.*sT;

R(3,2,:)=ky.*kz.*vT+kx.*sT;
R(3,3,:)=kz.*kz.*vT+cT;

= Update

obj = Update (obj, Gyroscope, Accelerometer, Magnetometer)

= % short name local variable for readability

q = obj -Quaternion;

m % Normalise accelerometer measurement

if (norm (Accelerometer) == 0), return; end % handle NaN
Accelerometer = Accelerometer / norm (Accelerometer) ; % normal ise magnitude

= % Normalise magnetometer measurement

if (norm (Magnetometer) == 0) , return; end % handle NaN
Magnetometer = Magnetometer / norm (Magnetometer) ; % normal ise magnitude

m 9% Reference direction of Earth's magnetic feild

h = quaternProd (q, quaternProd ([0 Magnetometer], quaternConj (q))) :
b=[0norm ([h (2) h(3)])0h (4)1;

m % Gradient decent algorithm corrective step

F =

2% (g (2) *q (4) -q (1) xq (3)) - Accelerometer (1)
2% (q (1) *q (2) +q (3) *q (4)) - Accelerometer (2)
2% (0.5-9 (2)*2-q9 (3)~2) - Accelerometer (3)
2xb (2) * (0.5-9q (3)"2-q (4)"2) +2xb (4) * (9 (2) *q (4) -q (1) g (3)) - Magnetometel
2xb (2) * (Q (2) *q (3) -q (1) *xq (4)) +2xb (4) = (94 (1) *q (2) +q (3) *q (4)) - Magnetomet
2xb (2) * (Q (1) *q (3) +q (2) *xq (4)) +2xb (4) » (0.5-q9 (2) "2 -0 (3) "2) - Magnetometel
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J=
-2xq (3) 2xq (4) -2xq (1)
2xq (2) 2xq (1) 2xq (4)
0 -4%q (2) -4%q (3)
-2xb (4) xq (3) 2xb (4) xq (4) -4xb (2) xq (3) -2xb ¢
-2xb (2) xq (4) +2xb (4) *xq (2) 2xb (2) xq (3) +2xb (4) *xq (1) 2xb (2) xq (2) +2xb (.
2xb (2) xq (3) 2xb (2)*xq (4) -4xb (4)xq (2) 2x*b (2) *xgq (1) -4=*b (

step= (J"%xF);

m % normalise step magnitude

step = step/ norm (step) ;

= % Compute rate of change of quaternion

qDot =
0.5*quaternProd (q, [0 Gyroscope (1) Gyroscope (2) Gyroscope (3)]) - obj.Betaxstep”;

= % Integrate to yield quaternion

q =q +gDotxobj.SamplePeriod;

= % normalise quaternion

obj.Quaternion =q/norm (q) ;
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= [MU

function obj=UpdatelMU(obj,Gyroscope,Accelerometer)
g=obj.Quaternion;% short name local variable for readability

% Normalise accelerometer measurement
if(norm(Accelerometer)==0),return;end % handle NaN
Accelerometer=Accelerometer/norm(Accelerometer);% normalise magnitude

% Gradient decent algorithm corrective step

F=[2*(q(2)*q(4)-q(1)*q(3))-Accelerometer(1) 2*(q(1)*q(2)+q(3)*q(4))-Accelerometer(2) 2*(0.5-q(2)"2-q(3)"2)-Accelerometer(3)];
J=[-2*q(3),2*a(4),-2*q(1),2*a(2) 2*a(2),2*q(1),2*q(4),2*a(3) 0,-4*q(2),-4*a(3),0];

step=(J"*F);

step=step/norm(step);% normalise step magnitude

% Compute rate of change of quaternion
gDot=0.5*quaternProd(q,[0 Gyroscope(1) Gyroscope(2) Gyroscope(3)])-obj.Beta*step’;

% Integrate to yield quaternion
g=q+qgDot*obj.SamplePeriod;
obj.Quaternion=g/norm(q);% normalise quaternion
end

Kalman Filter

= Gyro Angler Rate (p, q, r) » Euler Angle ¥3& (¢, 6, ¢)

1 Sin[¢] Tan[e] Cos[¢] Tan[e] p
6l=10 Cos[¢] -Sin[¢] ] {q]
0 Sin[¢] /Cos[e] Cos[¢] /Cos[e] r

¢ d+dtx¢
©l=|o+dtxé
¢ o+dtx¢

m Accelerometer (f«, Ty, T,)
Linear Rate (u, v, w), Linear Acceleration (u, v, w), AnglerRate (p, q, r), Gravity (g)

fx u 0O w -v p Sin[e]
[fy]= v]i+|-w O u]_[q]+g[—Cos[e]Sin[¢]]
T, W

v -u O r -Cos[e] Cos[¢]

Ty Sin[e]
fy| =0 [—Cos[e] Sin[¢] ]
T, -Cos[e] Cos[¢]

e=ArcSin[%]

_ L
¢ = ArcSm[-m]
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m Sensor Fusion

d; 0O -p -q -r d1
@{_1|p O r -q| |
s 219 -r 0 p ["]|as
s rqg -po Qs
g1 0O -p -q -r g1
@| | 2fp 0 1 ol fa
Js 219 -r 0 p (]| |as
G4 /i1 r g -p O s J
O -p - -r
1 _
A-tlsat.—|P O T -d
219 -r 0 p
r q -p O
» Cos[$]1Cos[Z]Cos[£]+Sin[£]Sin[Z]Sin[%]
G2 | Sin[£]Cos[$]Cos[4]-Cos[£]Sin[2]Sin[£]
gs " | cosr£1sin[ 2] Cos[£] +Sin[£] Cos[ L] Sin[¥]
4

Cos[%]Cos[5]Sin[%]-Sin[$]Sin[$] Cos[%]

m Euler Angle
¢ around Rz, © around ¥y, ¥ around 2z
¢ =ArcTan[1-2 (5 +03), 2 (J3 04 + 01 G2) ]
6 = -ArcSin[2 (02 g4 - 91 03) ]

@ =ArcTan[1-2 (g3 +0%), 2 (0203 + 41 04) ]

m Algorithm start

1000
0100
H=10 01 0
0001
0.0001 0 0 0
0 0.0001 0 0
Q= 0 0 0.0001 0
0 0 0 0.0001
10 0 0 O
0 10 0 O
R=10 0 10 0
0 0 0 10
1
0
*=1o
0
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O OO ¢r
Oor o
Or OO
= O OO

n KF

Q1
Q2
ds
da

@ Cos[%]Cos[5]Cos[4]+Sin[+]Sin[$]Sin[%]
a2 Sin[£]1Cos[$]Cos[%£] -Cos[£]Sin[$]Sin[%]
ds Cos[£]1Sin[Z]Cos[4]+Sin[+]Cos[Z]Sin[%]

Ga Cos[$]Cos[£]Sin[£]-Sin[£]Sin[$] Cos[£]

-p -9 -r
0 r -g
-r 0 p
qg -p O

= Qo T O

Pp=A.P.A"+Q
K =Pp.H".Inverse[H.Pp.H" + R]
X = Xp + K. (z-H.-xp)
P=Pp-K.H.Pp
ArcTan[1-2 (95 +03) , 2 (Gs G4 + 91 02) ]

¢
[6] = [ -ArcSin[2 (g2 04 - 91 03) ]
® ArcTan[1-2 (g3 +03)» 2 (0293 +J1 04) ]

Essential Kalman Filter

]
X = [9
()
p
rates= | Q
r

0 Cos[¢] -Sin[¢] q

s 1 Sin[¢] Tan[e] Cos[¢] Tan[e] p
@ 0 Sin[¢] /Cos[e] Cos[¢] /Cos[e] r

qCos[¢] - rSin[¢]
r Cos[¢] Sec[e] +q Sec[e] Sin[¢]

= F[X] +w

[p+ r Cos[¢] Tan[e] +qSin[¢] Tan[6] ]
= + W
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100, (°
Z=(o 1 o)'[e]“’
(]

=HX+Vv

m Algorithm start

of, of, ofy

EX) 96 Er)
A | of2 of2 of
- 3¢ 96 Er)
of3 of3 of3
56 o0 o9
100
H=(o 1 o)
0.0001 0 0
Q:[ 0 0.0001 0]
0 0 0.1
6 0
R=(o 6)

m EKF
¢
[ e ] =X
(0]

p
q
r

A = Ajacob[x, rates, dt]

= rates

A=
g Cos[¢] Tan[e] - r Sin[¢] Tan[e] qSin[¢] Sec[e]? + r Cos[¢] Sec[o]? 0
[ -qSin[¢] -rCos[¢] 0 0
qCos[¢] Sec[e] -r Sin[¢] Sec[6] qSin[¢] Sec[e] Tan[e] + r Cos[¢] Sec[e] Tan[e] O
A=z1+AtxA

xp = FX[X, rates, dt]

p+rCos[¢] Tan[e] + g Sin[¢] Tan[e]
xp = FX[x, rates, dt] = | gCos[¢] - r Sin[¢]
r Cos[¢] Sec[e] +q Sec[6] Sin[¢]
Pp=A_P.AT+Q

K =Pp.H".Inverse[H.Pp.H" + R]
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X = Xp + K. (Z - H*Xp)

P=Pp-K.H.Pp



