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Modelling people’s presence in buildings

e improve HVAC control using
information about occupants’
presence

e input for building simulations

e basis for modelling of other behaviour
(windows, heating,...)

® presence often not directly
measurable = indirect methods
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Hidden Markov Model - homogeneous

Y; Yi Yiio

[

Xy —> Xt+1 e Xt+2 —_—

The model can be expressed by

p(Xe=1i| Xe—1=3)~ ()
Yi=ci+eis

ihj
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where I' € R™*™ s a transition probability matrix, ¢; are the state means

and ;¢ ~ N(0,02).
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Viterbi Algorithm

Calculation of the most likely sequence of states i, 3, ..., 4} (global
decoding). For

&i= max PXEY =x0D x, =i ¥ = y®)y)
the recursion holds:

§tj = m?x(ftfl,irij)pj(»rt)

iy = argmax (&l iq1)
i=1,....m

e Brute force maximization: O(m?) calculations

e Viterbi algorithm O(T) calculations.
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2-state Hidden Markov Model

6

DTU Compute

log CO2

log CO2

Global Decoding

Jan 23 Jan 30 Feb 06

Global Decoding (one week)

Jan 24 Jan 26 Jan 28 Jan 30

Sebastian Wolf

=
—
=

M

17.05.2017



2-state Hidden Markov Model
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Hidden Markov Model - inhomogeneous

Y Yita Yito

I R

Xy —> X411 —> X9 —>

The model can be expressed by
p(Xe=i| Xpm1 =) ~ (Ft)i,j
Yi=ci+eis

where I'; € R™*™ is a inhomogeneous transition probability matrix, ¢; are
the state means and ;; ~ N (0, 07).
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Comparison of homogeneous and inhomogeneous Hidden
Markov Model
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m=2 states parameters AIC BIC
homogeneous 6 (m? +m) 7792 7832
inhomogeneous 14 (m? + 5m) 7627 7721
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Markov-Switching AR(1) Model

M

Y, --> Y --> Yo -->

A N A

Xt — Xt+1 e Xt+2 —

The model can be expressed by

p(Xp=i| Xpm1 =)~ (Ft)i,j
Yi=¢;Yi1+ci+eig

where T'; € R™*™ is a transition probability matrix, ¢; are the state means,
¢; the auto-regressive parameters and ¢;; ~ N(0,02).
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2-state Markov-switching
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2-state Markov-switching
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Comparison of Markov-switching Models
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states parameters AIC BIC
2 16 -19187 -19080
3 27 -20326 -20146
4 40 -20771 -20503
5 55 -21392 -21023
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5-state Markov-switching

Global Decoding
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5-state Markov-switching
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Transition Probabilities
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Outlook

e ground truth validation
e further input variables

- temperature
- noise
- humidity
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Thank you
sewo@dtu.dk
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Backup Slides - Hidden Markov Model
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2-state Hidden Markov Model
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2-state Hidden Markov Model
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3-state Hidden Markov Model
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3-state Hidden Markov Model
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4-state Hidden Markov Model
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4-state Hidden Markov Model
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5-state Hidden Markov Model
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5-state Hidden Markov Model

27

DTU Compute

Forecast pseudo-residual Density

Sample Quantiles

State
15
.3
o4
1.0 *5
* sum
05
00
4 5 6 7 8 9
co2in
3
0.4  Std. Normal
2
03
1
0 § 02
a
0.1 i \
A \.
% N
3 00 | [
Jan19 Jan24 Jan29 Feb03 Feb08 2 0 2 3
Time Forecast pseudo-residual
10
2
08
1
06
0 w
&
< o4
02
3. / 00
-4 -2 o 2 4 10 20 30
Theoretical Quantiles Lag

Sebastian Wolf

)
o |
=

M

17.05.2017



Backup Slides - Markov-switching Model
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2-state Markov-switching

Global Decoding
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2-state Markov-switching
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3-state Markov-switching

Global Decoding

7- 1l
AN
N g | EERE
Q° I RERY
o \ I\
Ds- | I\l
4
3

Jan 23 Jan 30 Feb 06

Global Decoding (one week)

" ' ﬁ\ ’\\ f‘(x fi
35 hw' AR

Jan 24 Jan 26 Jan 28 Jan 30

31 DTU Compute Sebastian Wolf

(=]
=
=

M

17.05.2017



]
=

M

3-state Markov-switching
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4-state Markov-switching

Global Decoding
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4-state Markov-switching
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5-state Markov-switching

Global Decoding
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5-state Markov-switching
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Forecast pseudo-residuals

=071 (P(Y < YD =yt

where ® is the distribution function of the standard normal distribution.
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