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1 Hamilton Quaternion

In this section, we would like to give the basic operation of Hamilton Quaternion [1] and show that
the right Jacobians for Hamilton Quaternion is equivalent to the left Jacobians of JPL Quaternion

and the right Jacobians of SO(3).

1.1 Hamilton Quaternion Operation

The Hamilton quaternion is used for rotation representation. A quaternion ¢, with rotation axis

M%” and rotation angle ||¢||, can be written as:

Qu

- |a =[] [
g? qu SIHT W
3

The quaternion operation ® can be defined as:

- -Qw w
®p= &®
Tep _qv:| |:pv:|
B T
qw —q w —\ —
v =L
L v Guwlz + quJ:| [pv:| (Q)p

N _Ir);v; pr?)E)ILpUJ] [tqlwv] =R(p)a

where R(-) and L(-) are defined as the right and left multiplication, respectively.

1.2 Right Jacobians for Hamilton Quaternion

We define the quaternion error states d¢ and the quaternion tangent error states §6 as:

a(¢ +00) = G(¢) ® 4(6¢) = q(¢) ® (I50)
= G(6¢) = 7 (¢) ® q(¢ + 36) = G(I50)
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With small angle approximation, we can derive (6) as

_ _ .
[ 1 } cos & 9| sin 3|9l - 57 1cos%”¢+59¢\)|+60 -
1 = . . -
58] = | =sin gl 1%y cos %ncpnlg —sin 2l glLpgr) | [sin 36+ o0l 35y
[ cos? sin® k' ] cos ;)| + 36| 5o ®)
_—sin%-k Cosgj Ig—sm%LkJ Sin%”d"f‘éeu'\@iiag”
= cos% sin§ - k' COS% — sin g kTéa . )
" [-sin® -k cos? Iy —sing|k|| [sing k+ ( cos $ -kk' +sing A) 50
_ 1 _ i sin2 % . kT Ig—(l;kT
~ 0351 * lsin2é~kkT—|—(cos9-I —sin 2. K| Leos2 Kk +sin g . la=kk® 00
LMox ] 2 2 2 "3 2 2 2 2 @
(10)
T 1] [ sin2 g kT La=kk T
= + ¢ 56 11
10351 1kk—r 2 sin ‘3 713*;)‘1‘T — sin? % : %J 1
R " 50 12
= + —sin
_03><1_ % (Ig—(l—COS(ﬁ)%—I—i(b 3 ¢|_kj2> ( )
where we have defined ¢ = ||¢| and k = ﬁ Therefore, we can get the right Jacobians as:
00 1—cos¢ ¢ —sing
I (p)y==% =I3— —F k| + —— |k 13
1.3 Left Jacobians for JPL Quaternion
We define the quaternion error states d¢ and the quaternion tangent error states §@ as:
_ _ _ _ (T _
as( +00) = 4,(00) © 45(9) = 1s(3;"50) © 4s(¢) (14)
_ _ _— _ J
= 4,(60) = 4s(¢ +90) © 4 (8) = 4,(3}"96) (15)
where ¢y denotes JPL quaternion [2]. Based on the JPL quaternion operation defined in [2], we

can follow the same procedure (7) to compute J gJ).

1.4 Right Jabcobians for SO(3)
Currently, we only find a proof for right Jacobians of SO(3) presented in [3], which is referred

by [1]. However, this proof is not easy to find and might be a little abstract for researchers in
SLAM community. In this paper, we would provide a proof for right Jacobians .L(«S) in a more
intuitive way.
We want to show that:
R(J¢) = R(¢) 'R(¢ + 36) = R(I(V)56) (16)

with Jq(ns)(qb) = % =13 — %ij + @NLM?. For simplicity, we only need to prove the
following;:

R(¢ + 60) = R(¢)R(I(F)60) (17)
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We first introduce some important properties for skew-symmetric matrix:

k|2 =kk' —1I3
||k]68] = 50k — ko0 "
||k|200]| = ||k]||k|60] = |k]6OkT +kdO " K]
|k|[06] = 60k — k5613
k||| kJ08] = |k|60k™ — |k|kiO' = |k|iOk"
|k|%|60] = |k|(06k —k'6I5) = |k|66k™ —k'56|k]
k|| |k]660] = |k]|k](00k™ —kéO') = |k|?06k"
k)66 [k|* = (66" — kdO ") |k] k] = —koO" k|
[kJ?[ k)66 = [k] k] ([k]o6k™ + kO [k]) = —|k]oOk'
[kJ?66] [k]? = (|kJ66k " + ksO " [k])[k] k] = k6" k]

|
[k [k|*68] = |k]?66k"
k%66 k| = ko6 k|?
|k|%66k " =k'50kk' — 50k’
k60" |k|? =k'50kk' —kiO'1;
For the right hand side of Eq(17), we can substitute the right Jacobians as follows:

R(¢)R(I1766) ~ R(¢)(L; + [I1756))

B —cos¢ ¢ —sing . o
—R(6) + RO (1 - 5 0+ O ) oo
— R(@) + 190
_1—cosgb ¢ —sing 2
5 HkJMJJ'r 3 [[k]"66]
tsing- [k|[60] — Sln¢'(1¢_ ©59) 1] k)56
+Siné'(i_sm(ﬁ){kjukaéaj+(1—cosq§)LkJ2L50J
— cos ¢)? — cos — sin
- B0 g2 1 g0 + L= Z 0 42 2
— R(@) + 196
l—cos¢p_ .+ 1—cosop, _ T
+ 3 30k + —— =ko0
(- Slng)ijéekT —sing -k 0615
+cos¢-k 00|k — Slz¢k50T k] + (sin 6 — 22750 T oKk
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For the left hand side of Eq(17) we have:

b + 56 b+ 50

R(¢ +00) = I3 + sin[|¢p +- 56 - LMJ + (1 — cos||¢ + 30) LMJ2 (36)
~ I3 + sin ¢| k|
+(1 = coso) I = 52 [k[50)
+sing-k'660|k|%2+cos¢-k'60|k| + (1 — cos ¢) | k|
(1 - cos ) k] LLI;JQMJ N HkJQZHJ k] ) (37)
=R(¢)
+ F((Zfs‘b(aekT +kéO")
S0y 156KT 4 cosé - kT 66| K]
— Si;‘ﬁkaeT |k| —sin¢ - k' 6615
+ (sin¢ — 2m)kT60kkT (38)
Then we can find:
R(¢)R(IF30) — R(p +060) = [30] + |k|66kT (39)
where we have used the following equality: for Vk, we have:
(160] + |k|60k )k = |06k + |k|60 = 0 (40)
= (R(¢)R(J§S>59) ~R(p+ 59)) k=0 (41)
= (R($RI0) ~ R($)R(0¢)) - k = 0 (42)
Therefore, we can have:
R(¢)R(5¢) = R(¢ + 66) = R($)R(I'%)50) (43)

We get the proof.

2 ACI* MODEL 1

In this section, we present the derivations for analytic combined IMU integration (ACI?) MODEL
1. MODEL 1 assumes the acceleration measurement is constant between consecutive sampling
intervals.

2.1 Integration

The synchronized time line for IMU readings and vision sensors can shown in Fig. 1.
The time interval from k& to time j can be further divided as Fig. 2.
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Figure 1: Aligned camera and IMU time line.
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Figure 2: Time stamp notation for IMU integration

For simplicity, we also define the following notations:

jEk+i+1
0t; & thyit1 — thsd
At &ty — U,

where i > 0. w; and a; represent the angular and linear velocity in the interval i (between t,; and
ti+i+1) and they are assumed constant to simplify the derivation. We can use IMU reading at ¢4,

for w; and a; as:

We can also use the averaged readings for the w; and a;, that is:

Tty 4 Tetiviyy

2
Tetig 4 Tetivig
Apg = -9

Wi =

2.2 Implementation for ACI? MODEL 1

We summarize the steps for implementing the ACI> MODEL 1 as the following:

e Compute the w; and &; based on current bias estimates:

Wi = Wmjs — bgk

a; = Qp — bak
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e Compute the 4 integration components =1, 2o, Z3 and =4:

= thtit1 IkJriRd

= I T (53)
tkti
tktrit1 [ts I

=5 / / ’““Rdes (54)
tk+7, tk+z
thtit1

=, = / IR |4y |3, (@0r)drdr (55)
Uit
tktitv1 fls Iosa

=, = / / TR |Ay) T, (@i67) Srdrds (56)
tkti Ukti

The 4 integration components can be evaluated by RK4 or by our analytic solution in Ap-

pendix A.

e Compute the integrated measurements:

AGiy1 = Agi @ G(widt;) (57)
AVipr = AV +* RE) -4 (58)

where AR; £ fk R, corresponds to AG;.
rotation, zero posmon and zero velocity.

e Compute the Bias Jacobians:

The integrated measurements starts from zero

I i a N
b = I’;LHRTH‘] J, (@;6t;) 0t; (60)
ZgiJrl = Hg — AR I_\_lazj Zgi + ARzag (61)
gaiJrl = Ua - ARlEI (62)
Hgng = Hggi + Hggidti — AR; LEQéZ'J Hggi + AR;=4 (63)
Hga'H»l = Hgai + Hzai 5ti — ARiEQ (64)
where HY represents the measurement y to state x Jacobians and starts from 0.
e Compute the measurement state transition matrix:
®;; 03 03 &1y 03
Dy I3 I3t Poy Pos
P(i+1,i)= Pz 03 I3 D3y Pys (65)
03 03 03 I3 O3
03 03 03 03 Ij
with:
I i - ~
P = I:LHRT, Py = —J, (w;0t;) t; (66)
By = —AR;|508;], By = AR;E,, Bo5 = —AR;E, (67)
®3 = —AR;|Z14;], B34 = AR;E;, 835 = ~ARE, (68)
SUPP-ACT? 6



am

Figure 3: The analytic combine IMU (ACI) factor connecting the IMU state x, and X,

e Compute the measurement noise Jacobian matrix:

Gii 03 03 03
Ga1 Ga2 03 03
G, = |Gs1 G3z 03 03 (69)
03 03 I30t; O3
03 03 03 I3t

with:
G = —J, (&ibt;) 5t (70)
Ga1 = AR;E4, Goy = —AR;E, (71)
Gs1 = AR,;Z5, G = —AR,E; (72)

e Compute the measurement covariance:
Qiy1 = (i +1,)Qi®" (i +1,1) + GiQuG/ (73)

with initial Qg = 0 and:
I; 03 03 03
0; 02,15 03 03

03 03 ools 03
03 03 03 02

wadi

fvg/éti and o2 ;. = 02,/0t;.

gdz

Qu =
I3

where o2 odi = Ug/étl, 02, =02/8t;, O'wgdl =

2.3 IMU Cost Function Based on ACI? MODEL 1

The analytic combined IMU factor can be shown in Fig. 3.
From time interval ¢; to tx4;+1, the integrated measurements can be defined as:

AGa(&), 1) ] g 3m,) © 7 (Hi,) @ 4 (HI A,

Api-l-l(f{(l))k ,np) hp(xnk7xnj) - HgAka - Hgibk

AVH_l()A(% ,1’1[) = h, (Xnkaxnj> - H};}Axbk - Hzibk <75)
Aby,.  (ng) by, — by,
AbaH_l (11[) ba]' - bak

Zij (f(gk,nj) h(Xnk,an Xby, ,ij)
Since the linearization point for xy, is fixed, so, we can build the following IMU factor as:

2
argxzuxnl HZIk kaa )Elh(Xnk7an7xbk7xbj)HQ;j1(§(%k)

= arg mln
XIk ’

. 0 XJ
kaj(xobk’o) H A% l()k) - [Hxnk Hg{bk Hxnj bej] [~ k]

Xbk
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where Hgbk

integrated componetes, the predicted state x;; can be computed as:

q= ?,ﬁ® Agit

. . . N 1
“pr, = b1, + V1, Atip1 + F RAPi41 + iGgAt?H

o

B pum—
lle

ag,

=9, + T RAV 1 + “gAtiyy

- bglk

where Cg = [0 0 — g] T The measurement Jacobians for state Xj as:

NN
9%,
0APi+1
9%1,
0zi11 9QVit,
~— = O,
Oxry dAbg, |
9%1,

9Ab,,

8x1k

k

The measurement Jacobians for state x; as:

0711

Xy,

TOSAG; 1 95AB;11  O5AO; .1  OAAO L1  OANO; 1]
056, op1, ovr, Obg, Oba,
0APi+1 APty 9APit1 0APi+1 OAPit1
0560, opr, ovy, dbg, Oba,
OAVi1  OAViL1  OAVi4 OAVi41 OAVi11
= 850}, o1, v, by, 9ba,,
OAbg, ,  OAbg,, OAby, OAby,  OAby,,
000 b1y, OV Obgy, Obay,
OAbg, , 0Aba, , OAbs, , 0Abg_ ., 0Ab,
| 058y, b1, oI, by, 9ba,,
-3 HA)FRTER 03 03 —J7H(H] Ax,
5 RT(Gf’fj — 9y, — OV At — 598A8, )] _iRT PRTAtip —H{,’g
= [GRT (v, — 9V, — “gAti) | 03 -¢R" -Hj,
03 03 03 I3
0; 0; 0; 05
_ 85A01‘+1 _ r 86A0i+1 85A~0i+1 85A~91‘+1 8AA~01'+1 8AA~91'+1 T
Tox, 006, 9p1; ovi; Oy, Oba,
8Af’i+1 aAqu 8AP7;+1 8&?1'4,_1 8AP,;+1 8A~pi+1
Toxy; 958 op1, v, by, 9ba;
OAV; 41 OAV; 11 OAV,; 41 OAV; 1 OAVi4, OAVi4
9%1; 950, op1; vy, by, by,
dAbg, | OAby, ,  OAbg, ., O0Aby ;  OAby., .,  9Abg
9x1; iz 9p1; ovi; Oby, Oba,
OAba, OAba; , 0Aba,,, OAba;, 0Aba,,  0Aba;,
oxy J 000 op 1 ov 1; ob 9; 8baj
S -
J (H{Ax,) 03 03 03 O3
GRT
03 T, R 03 03 O3
5T
03 03 ¢RT 03 03
03 03 03 13 03
03 03 03 03 I3

3 ACI’ MODEL 2

and ij(fcobk) are both computed at the initial bias estimate :?c%k. Based on the

78

79

81

(78)
(79)
(80)
(81)
(82)

(86)

In this section, we present the derivations for analytic combined IMU integrator (ACI?) MODEL
2. MODEL 2 assumes the true acceleration is constant between consecutive sampling intervals.
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3.1 Implementation for ACI>? MODEL 2

We summarize the steps for implementing the ACI> MODEL 2 as the following:

e Compute the w; and a; based on current bias estimates:

Wi = Wms — bgk

A Ievifn 1
8; = ami — ba + 7 RER g

where g“].flo denotes the initial estimate of C§R used for this integration.

e Compute the 4 integration components =1, Zo, Z3 and =4:

[1]

tk+7,

[I]

(1]

Uit

[I]

thtit1 ts Ik+
%
I, R|a
tkti Ukt

to
_ k+i+1 Ik+i RdT
1= I,

/’tk+z+1 /ts I
T Rdrds
tk+7, tk+z

tetit1 p
3 :/ RLéJJ (w;d7)oTdT

J, (w;dT) oTdTds

(90)
(91)

(92)

The 4 integration components can be evaluated by RK4 or by our analytic solution in Ap-

pendix A.

e Compute the integrated measurements:

Agiy1 =
AV =

Apiy1 =

e Compute the Bias Jacobians:

AG; @ q(w;dt;)
AV, + AR;Z; - 4;
Ap; + AVt + AR;Es - &

boiss = ?;EHRTHZ% — J; (w;dt;) 0t

bgis1 = Hig, — AR; |54 |H o T AR,E;

b, = Hj, + AREIAR] UkROG ]

bas1 = Hig — AR5,
Hygin = Hbgz +Hy, 0t — AR; |08 HY + AR,
Hp,  =H, +Hy, ot — AR,Z,
H; =Hj +Hj it + ARSAR] (R g

e Compute the measurement state transition matrix:

®(i+1,i) =

SUPP-ACT?
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with:
By = RT, By = —T, (@;6t;) 6t (104)

Ipyiva

®y = —AR;[Zoa;] + AR;Z:|AR] FRYg], &9y = AR;E,, Bo5 = ~ARZ, (105)
®3 = —AR;[Z14;] + ARE AR kRYg|, &3 = ARE;, B35 = —AR,E, (106)

e Compute the measurement noise Jacobian matrix:

Gip 03 O3 03
Ga1 Go2 03 03
G;, = |G31 Gz 03 03 (107)
03 03 I36¢; 03
03 03 03 I30t;

with:
G111 = —J, (w;dt;) 0t; (108)
Go1 = AR;E4, Goy = —AR;E, (109)
G31 = AR;E3, G3p = —AR;E; (110)
e Compute the measurement covariance:
Qi1 = (i + L,)Qi® " (i +1,4) + GiQuiG, (111)
with:
gd,I3 03 03 03
Qui = gi ag;I?’ ngllg gi (112)
03 03 03 02,413
where Ugdi =07 /0ti, 02y =0 2/5t;, o wgdz =05,/0t; and o2, = o2, /5t;.

3.2 IMU Cost Function Based on ACI? MODEL 2

From time interval t; to tx4;+1, the integrated measurements can be defined as:

A@'-H()A(Ob@a PI) hq(Xnkaan) & Cffl(HZibk) ® qil(HZAka)
Api—&—l(f{%k; bi (jo, nI) hp(Xnk,an) — HZAka — Hzgf(bk — H’G’kABk — Hng;l(Aek)50k
sz_:,_l(f(obk, qu()? n[) = hv(Xnk,an) - HgAka - HZibk - szAek — Hng;l(ABk)éé)k
AbgH»l( ) bgj o bgk
Abaz+1( ) baj o b‘lk
Z1; (&b;kqo,nl) h(xn;, Xn; Xby, Kb )
(113)
where ﬁf{ is the current estimate of IGkR. A0, and its related Jacobians are defined from:
iR = IkRO exp(00Y) = GRexp(éBk) (114)
= exp(06Y) = (IGkRo> iRexp(éOk) (115)
= exp(06Y) = exp(ABy) exp(36},) (116)
= 600 ~ NGy + I, (A0;)56;, (117)
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AN T s
Note that we define A8 £ log ((gRO) iR) Since the linearization point for xp, and IchjO is
fixed, so, we can build the following IMU factor as:

20 G20
arg Xgu)? HZIk kaa 1,4 70) = h(XnanJ-,kava HQk; kavlck‘}o) (118)
- 2
0 G20 X7
= arg xmlxn ZIk] (kav 1,4 70) - [Hxnk Hgbk Hxnj bej] |:)~(Ik:| . (119)
e i (xp, .5 4%
where Hgbk and Qp; (xobk, T ¢°) are both computed at the initial bias estimate f(%k and iﬁo . Based

on the integrated componets, the predicted state x;, can be computed as:

G 2 G 2 2
54 = 1,49 Agiy1 (120)
G Go
pi; pr, + VIkAtz+1 + 1, RAP1+1 (121)
Gs Gy -
v =TV + IkRAVH—l (122)
bgfj = by, (123)
baI]_ = bafk (124)
The measurement Jacobians for state x; as:
F0000,,, 7 [9980i1 9500, 9500y 0AAG,  DAMG ]
o%1, 950, pr, v, by, 9ba,,
OADi11 9Apit1  9ApPiy1  9APiw1 3Apz+1 ZAN JRE}
%, 900y, 1, v, by, Oba,,
aii+1 OAV; 1 OAV; 1 OAV; 1 OAV; 11 8A~\~’i+1 8A§’i+1
e = | o [ = | 0 b1, o1, Dby, Oba, (125)
X - " - " - " - T - "
Iy 9Aby, 9Aby,, 9Abg, OAby,,  9Aby,, OBy,
oxp, 966y, by, ovr, dby, Oba,
9Aba; OAba,, OAbu., OAba,, 9Aba,,  0Abg,,
x| | 096y b1, a1, by, 9ba,
r —1 ATGR -1
o ;Jr (HzAxb)gR 7R GO% L Agg —J N (HyAx)HY, 03
I.IkR ( P, — 7P, — v[k_AtiJrl)J Hp 71(A0k) _IkR _IkR Ati+1 _Hz)g _Hi)a
= DT S N 5T
FRT (Gor, — Oy, |~ Hy, 7 (A6) 0 ~GR ~HY, —HY,
03 03 03 —13 03
L 03 03 03 03 —I3
(126)

SUPP-ACI? 11



The measurement Jacobians for state x; as:

~O5A0; 41 F00ABiy1  90A0i1;  00A0iy1  OAAOi;  OAAG; 7
O%1; 09 o b OV by Db
AAPi11 0APi11 9APit1 OAPit1 9ADi+1 OADi+1
9%, 960, op1, ovr, dbg; 9ba;
82 . OAV; 1 O0AV; 11 OAV; 11 OAV; 1 OAV; 11 OAV; 11
i+1 —T : = = ~ =
ox;. oxp; | = | 9%; 9p1; ovi 9by; 9bq
X7, = - - - ~ C
f 78Alzgi+1 0Abg; aAlfgiH 6At~)9i+l 8AE’Q¢+1 BAI}%H
Ab B, Te, O oh, ob,
94bayy, '?“Hl 9Aba, aAlf’lz’ﬂ aAlfaiH 0Aba;,  OAba;,,
L Ox5; | 000; op1; vy, by, ba
S -
Jr (HZAX(,) 03 03 03 03
DT
03 7R 035 03 O3
= GRpT
= 03 03 IkR 03 O3
03 03 03 I3 O3
i 03 03 03 03 I3

4 Visual Measurement Jacobians

The measurement Jacobians for the visual model can be written as:

acf)f C1 N (G G
= “R|LR (%ps - p

8501(: I LG ( pf pIk)J
8Cf>f CH IR

Pl _ _¢RIR
8prk 1@
°p 5 Ity (Gn . G
o = TR (["GIR by~ “br,) + R, )

where “p ¢ denotes the 3D feature position in global frame.

Appendix A: Integration Components for ACI?

The first integration we need is:

a:hM+1_ﬁfmmwd+@u—w%wm)wﬁ

The second integration we need is:

1 0;0t; — sin(wW;0t;) | » 1
52 _ 5(51;12]:3 I W;0l; <2)1‘211(001 l) {sz + (26t22 .

7

1 —cos(w;idti) \ |+ |2
— | Lk

7

SUPP-ACT?

(127)

(128)

(129)
(130)

(131)

(132)

(133)

12



The third integration can be written as:

— 1 2 A sin(@i&i _wiéti
sin(w;dt;) — w;0t; cos(w;dt;)  ~ | .
1O0a) = @10k oSN | ) L)

wj

1.5 1—cos(@idti)\ . ¢ 2

7

4] k]

i <1(5t12 4 1-— COS(L:)Z'(Sti) TQL:)i(Sti SIH(L:)Z(StZ)) UA{ZJZ LéZJ
2 w;
4 (1(%12 4 1-— COS(L:)Z'CSti) T;Diéti 51n((2)25t2)> IA{,LTEA:[% UA{ZJ
2 w;
in(w;0t;) — 2w;0t; — w;ot; cos(w;iot;) » . | »
B 3sin(w;0t;) — 2w 5A2 w;dt; cos(w;d )k;-rai e (134)
W

1

The fourth integration we need is:

= _ Lo
By = -6t3|a] +

2(1 — cos(w;dt;)) — (W2t3) B U;zJ

6 203
2(1 — COS((DZ‘(Sti)) — (,Z)Z'(Sti sin(@iéti) ~ N
+( - e [
Wi
sin d)zdtz) — d)idti 5t? N ~
+ ( : -3 +6> & ] [ki?
Wi
(f)iéti — QSin(@iéti) + 1(wi5ti)3 + @Z‘(Sti COS(@iéti) ~ R
+ 0 ki) 4]
Wi
0i0t; — 28in(@;0t;) + (0;i6t;)3 + @it 0i0t;) ~ .
LY sin(w;dt;) + 6% )? + w;dt; cos(w )kiTéZ- k|
wj
n 4 COS((,:)Z'&fi) — 4+ (CDZ?;Z)z + w;0t; Sin(@i(sti) IA{;réll Lf(lJ2 (135)

i

When @; is too small, in order to avoid numerical instability, we can compute the above inte-
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gration identities as:

lim By = 0til + 0t; sin(@idt;) |ki| + 6t; (1 — cos(@idt;)) | ki) (136)
wi—
2 2 2
lim = 251, 1 O gin(@ot) k) + 2L (1 — cos(@iots)) (ki (137)
&;—0 2 2 2
St
"2 5
.- a2 ot sin(w;0t; . P oA
fim =, = 1|4 OO () Ll + e L8] + K e )?)
wi—>0 2 2
2 . . . .
+ S = cos(@ioty) (Lai) [ki)? + [ki)? (i) + k] il ) (139)
6t . Ot sin(@;0t . - Lo
tim =, = 0 a4 OO g e 8+ K 8 e 2)
w;—0 6 6
ot} - AT 12 4 B 1214 T
+ 2o (1= cos(@idt)) (L&) ka2 + [ 2 8] + 1 & k) (140)
Sty
- i, a2
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