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Posterior Distributions - Time

The posterior distribution of the uncertain time is
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Posterior Distributions - States 7,

1

The posterior distribution of the state is

p(xx|V, z) ZwT - N (xi|x5, PL).
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Orienteering - Results
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Jump Markov Model
The jump Markov linear model is
wi ~ N (0, Qx(r)),

xi = Fi(0)Xp—1 + Wi,
v ~ N(0, R;(3;))-

y; = H;(5;)x; + vy,
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Jump Markov Model
The jump Markov linear model is
wi ~ N (0, Qx(d1)),

X = Fk((il,‘)xk—l + wWg,
v ~N(0, R;(0))).

y; = H;(0;)x; + vy,
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Jump Markov Model

The jump Markov linear model is

xi = Fp(0k)Xk—1 + Wi, Wi ~ N(0, Qr(d)),
y; = H;(0;)x; + vj, v; ~N(0, R;(d;)).

e -u:-»

The mode is modelled as

p((sk ‘ 51971) = Hik’ék_l, 5k €S.

LINKOPING
II.“ UNIVERSITY



Licentiate’s Presentation Clas Veibéick November 22, 2016

Jump Markov Model
The jump Markov linear model is
X = Frp(0p)Xp—1 +Wg, Wi~ N(0, Qi(dr)),
yi = H;(0;)%; +vj, vj ~ N (0, R;())-

The mode is modelled as
P(6k | Gpy) = TIHOF1, 5, € S.

Augmented is the direct mode observation,

Zi ~ p(Zz‘ \ 5i)-

44
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Posterior Distribution - Mode Sequence

The posterior probability of a mode sequence {5} ;?:1 is
computed recursively by

6 6
k—1
wk o Wh_y - IS N (yi | 9, Sk;) (Zk|5k)
~— —— e ——
New Old Transition Likelihood Mode
Weight Weight Probability Observation
Matrix PDF
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Posterior Distribution - Mode Sequence

The posterior probability of a mode sequence {5} ;?:1 is
computed recursively by

; 6 6
2 k—1
Wy & L N (yw | 9y Sk plas | 8).
~ =~ =
New Old Transition Likelihood Mode
Weight Weight Probability Observation
Matrix PDF
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Posterior Distribution - Mode Sequence

- <)

The posterior probability of a mode sequence {5} ;?:1 is
computed recursively by

wh ocwl - N(ye|¥h Sk) p(zr | ).
\ /e N

—~—
New Old Transition Likelihood Mode
Weight Weight Probability Observation
Matrix PDF
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Posterior Distribution - Mode Sequence

The posterior probability of a mode sequence {5;? ;?:1 is

computed recursively by

i i OOk _1
Wi, XX wk—l . Hk;
S~~~ N——
New Old Transition
Weight Weight Probability
Matrix

N (yr

Likelihood

Vi, S}‘,.) (2 | 5,@)
————

Mode
Observation
PDF
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Posterior Distribution - Mode Sequence

The posterior probability of a mode sequence {5} ;?:1 is
computed recursively by

6 6
k—1
wi o wi_y TGNy | 97, Sh) -
~— _,_/
New Old Transition Likelihood Mode
Weight Weight Probability Observation
Matrix PDF

45
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Posterior Distribution - State

e -u:-»

The posterior distribution of the state is given by

|S|*
p(xk | Viks Z1) = z:w}€ N (x| X5, PL).
i=1
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Posterior Distribution - State

The posterior distribution of the state is given by

‘S/‘

p(xXk | Vi, Z1k) = Zw}c - N (x| %, Pj).-
=1

46
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Posterior Distribution - State

e -u:-»

The posterior distribution of the state is given by

S|

POk | Viks Zr) = Y - N(xp | X, Ph).

=1
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Posterior Distribution - State

The posterior distribution of the state is given by

S|
POk | Vik, Z1k) = Y wh - N e [ %], P,
=1

46
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Posterior Distribution - State

e -u:-»

The posterior distribution of the state is given by

‘S/‘

p(xk | ik, Z1) = Zw}c - N (x| X, P
i=1
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Bird - Model
The modes are S = {s, f}.

X
p
The state variables are x = gs =[5
o)\
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Bird - Model
The modes are S = {s, f}.

p
The state variables are x = ;/S = | b
bf
bt
The state-space model is
Xk = Xk—1 +Wk7 Wi NN(()? Q(5k))7
h
Y = < égk)> + Vi, Vi ~ N(07 R)7
&
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Bird - Model
The modes are S = {s, f}.

p
The state variables are x = ;/S = | b
bf
bt
The state-space model is
Xk = XEg—1 T Wi, W ~ N(07 Q(5k))7
h
Y = < égk)> + Vi, Vi ~ N(07 R)7
&
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Bird - Model
The modes are S = {s, f}.

p
The state variables are x = ;/S = | b
bf
bt
The state-space model is
Xp = Xp—1 + Wy, wy ~ N (0, Q(d;)),
h
Y = < égk)> + Vi, Vi ~ N(07 R)7
&

47
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Bird - Model
The modes are S = {s, f}.

X
p
The state variables are x = ;/S = | b
bf
bt
The state-space model is
Xp = Xk—1 + W, wy ~ N (0, Q(dx)),
h(pg)
Y = < b};k/ > +Vk7 Vi NN(07 R)7
&

47
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Bird - Model
The modes are S = {s, f}.

X
p
The state variables are x = ;/S = | b
bf
bt
The state-space model is
Xk = Xk—1 +Wk7 Wi NN(()? Q(5k))7
h
Vi = < ]()Rk)> + v, Vi ~ N(O, R),
/‘,

47
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Bird - Model Extension
The direct mode observation is the radial position

2L = \/xi—i—y,%,

48
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Bird - Model Extension
The direct mode observation is the radial position

2L = \/xi—i—y,%,

where p(zy|0x) is given by:

1

o
©

Probability Density
o o
S o

o
S}
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Radius(mm)

LINKOPING
II.“ UNIVERSITY



Licentiate’s Presentation

Bird - Results

Cage 1

Clas Veibdick

Cage 4

November 22, 2016

OO 3

=1 > 1
5 3
© ©
8 8
Los Sos
[0} [0} .
I B  Estimated modes
0 1000 2000 3000 0 1000 2000 3000
Time(s) Time(s)
Cage 2 Cage 3
21 21
3 3
© ©
8 I 8
Sos Sos
[0} (o}
8 8
[=} [=}
Z o0 2 o0
0 1000 2000 3000 0 1000 2000 3000
Time(s) Time(s)
II “ LINKOPING
[ ) UNIVERSITY



Licentiate’s Presentation Clas Veibdick November 22, 2016

Bird - Results

Cage 1
« Estimated modes
0 1000 2000 3000 0 1000 2000 3000
Timef(s) Time(s) « Extracted takeoffs
Cage 2 Cage 3
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« Estimated modes
« Extracted takeoffs
« Takeoff directions
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Conclusions
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« a constrained motion model
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Conclusions

Theory is presented on
+ a constrained motion model
+ an uncertain timestamp model

« direct mode observations
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Conclusions

Theory is presented on
+ a constrained motion model
+ an uncertain timestamp model

« direct mode observations

Demonstration through various applications

52

LINKOPING
II.“ UNIVERSITY



Licentiate’s Presentation Clas Veibéick November 22, 2016

Future Work

Possible future work is
« multiple observations with uncertain timestamps
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Future Work

Possible future work is
« multiple observations with uncertain timestamps
« tracking using non-stationary cameras
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Future Work

Possible future work is
« multiple observations with uncertain timestamps
« tracking using non-stationary cameras

« motion models tailored to other types of targets
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Future Work

Possible future work is
« multiple observations with uncertain timestamps
« tracking using non-stationary cameras
« motion models tailored to other types of targets
« more advanced tracking algorithms
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