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both usersupplied parameters and historicddta.
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This somewhat ovesimplistic classification scheme emphasizes the traffe
between the realism of simulated occupant behavior, and how easily it can be
customized to suit a particular project.



Types of Occupant Models

Realistic Cfsatsc\’/r;?ze
User—(SSui ﬁjp;ilzdl\:g;zzrgeters x ‘/
P complestmosan | Y x
S —— E——
Machine Learning v X
Hybrid Approach \/ \/

Simple models involving a few ussuipplied parameters tend to be easy to
customize, but not very realistic. More complex models can be more realistic, but the
greater number of parameters makes them harder to customize.



WORK

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 3

User-Supplied Parameters
Arrival Time  9:00
Departure Time  17:30

For example, this simple model is easy to customize because it requires only two
parameters. The resulting behavior, however, is not very realistic.



WORK BREAK WORK

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 3

User-Supplied Parameters
Arrival Time  9:00
Departure Time  17:30
Lunch Break Start  12:00

Lunch Break End ~ 13:00

Here we add two more parameters, which makes the model slightly more realistic.



WORK BREAK WORK BREAK WORK

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 3

User-Supplied Parameters
Arrival Time  9:00
Departure Time  17:30
Lunch Break Start  12:00
Lunch Break End  13:00
Afternoon Break Start  15:30
Afternoon Break End  16:00

Two more parameters have been added.

As an aside, note that the methods we present in this talk model the behavior of
individual occupants. To produce profiles of expected daily behavior, the schedules of
many occupants could be generated by a simulation then aggregated.



WORK BREAK WORK BREAK WORK

— m— e——

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30

User-Supplied Parameters

Arrival Time

Departure Time

Lunch Break Start

Lunch Break End

Afternoon Break Start
Afternoon Break End

Arrival Time Variation
Departure Time Variation
Lunch Break Start Variation
Lunch Break End Variation
Afternoon Break Start Variation
Afternoon Break End Variation

9:00
17:30
12:00
13:00
15:30
16:00
0:30
1:00
0:15
0:45
0:30
0:30

5:30
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the model considerably more realistic but doubles the number of parameters.



WORK BREAK WORK BREAK WORK
-— -—  ——
TME 8 8:30 9 930 10 1030 11 1130 12 1230 1 1:30 2 2:30 3:30 4 4:30 5 5:30 6
WORK BREAK WORK BREAK WORK
-— —— -—
TME 8 8:30 9 930 10 1030 11 1130 12 1230 1 1:30 2 2:30 3:30 4 4:30 5 5:30
User-Supplied Parameters
Arrival Time 1 9:00 Arrival Time 2 8:00
Departure Time 1 17:30 Departure Time 2 17:30
Lunch Break Start 1 12:00 Lunch Break Start 2 11:30
Lunch Break End 1 13:00 Lunch Break End 2 13:00
Afternoon Break Start 1 15:30 Afternoon Break Start 2 14:30
Afternoon Break End 1 16:00 Afternoon Break End 2 15:00
Arrival Time Variation 1~ 0:30 Arrival Time Variation 2 0:15
Departure Time Variation 1 1:00 Departure Time Variation 2 0:15
Lunch Break Start Variation 1 0:15 Lunch Break Start Variation 2 0:30
Lunch Break End Variation 1~ 0:45 Lunch Break End Variation 2 1:00
Afternoon Break Start Variation 1 0:30 Afternoon Break Start Variation 2 0:45
Afternoon Break End Variation 1 0:30 Afternoon Break End Variation 2 0:15 8
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but doubles the number of parameters.
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To summarize the last few slides, a model informed by-sspplied parameters will
generally become more realistic but harder to customize as more parameters are

added.
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Occupant models that use machine learning tend to avoid-gapplied parameters.
Instead, they detect behavioral patterns in historical data, and automatically
reproduce them in a simulation.



HISTORICAL DATA:

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 6

DAY 1 OFF | WORK ‘ BREAK | WORK ‘ BREAK | WORK BREAK | WORK ‘ OFF

DAY 2 OFF |WDRK BREAK ‘WDRK BREAK | WORK | OFF

DAY 3 OFF ‘ WORK |BREAK | WORK BREAK | WORK | BREAK ‘ WORK BREAK| WORK OFF

DAY 4 OFF | WORK BREAK ‘ WORK OFF

Here is an example of an occupant behavior simulation technique based on machine
learning. We start with historical schedules that show the recorded activities that
were actually performed by real occupants.

In practice, each historical schedule would be considerably more complex than those
shown here. Also, we would ideally have hundreds or thousands of schedules instead
of four.



TIME
DAY 1
DAY 2
DAY 3
DAY 4

TIME

‘WORK

BREAK

HISTORICAL DATA:

8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 1:30 2 2:30 3 3:30 4 4:30 5 5:30 6
OFF | WORK ‘ BREAK | WORK ‘ BREAK | WORK BREAK | WORK OFF
OFF | 'WORK BREAK ‘ WORK BREAK | WORK | OFF
OFF ‘ WORK |BREAK | WORK BREAK | WORK | EREAKl WORK BREAK| WORK OFF
OFF | WORK BREAK ‘ WORK OFF

TRAINING

8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 6

0 0 o 1] 0 o 0 o o 0 o 1] o0 o 0 a 0 o o o

0 0 0 o v) o 0 0 o 0 o o o 0 0 ) o o 0 o

0 0 o 1] 0 o 0 o o 0 o 1] o o 0 a 0 o 0 o

0 o o o o 0 o o 0 o o o 0 0 [ o o 0 o
0 o o 0 o 0 o o 0 a 1] o o 0 a 0 o 0 o
0 ] 0 0 o 0 o 0 0 o 0 0 0 0 0 0 0 0 ]
0 0 o 0 o 0 o o 0 a 0 o o 0 a o o 0 o
0 0 0 0 o 0 0 0 0 o 0 0 0 0 0 0 0 0 0
[} o o 0 o 0 o o 0 [ (] o (1] 0 [} L] o L] o

The first step is to train the model.

12



HISTORICAL DATA:

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 1:30 2 2:30 3 3:30 4 4:30 5 5:30 6

DAY 1 OFF | WORK ‘ BREAK | WORK ‘ BREAK | WORK BREAK | WORK ‘ OFF
DAY 2 OFF | 'WORK BREAK ‘ WORK BREAK | WORK | OFF
DAY 3 OFF ‘ WORK |BREAK | WORK BREAK | WORK | EREAKl WORK BREAK| WORK OFF
DAY 4 OFF | WORK BREAK ‘ WORK OFF
TRAINING
TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 6
OFF 11— 0 o 1] 0 o 0 o o 0 o 1] o0 o 0 a 0 o o o
0 1 0 o v) o 0 0 o 0 o o o 0 0 ) o o 0 o
0 0 o 1] 0 o 0 o o 0 o 1] o o 0 a 0 o 0 o
0 o o o o 0 o o 0 o o o 0 0 [ o o 0 1
‘WORK 0 1—- 0 0 11— 1-—= 0 o 0 1—-1—- 1— 11— 1-— 0 0 1—- 1 —- 0
0 o 1 0 o 0 1 o 0 o o o 0 0 1 o o 0 o
0 0 o 0 o 0 o o 0 a 0 o o 0 a o o 0 o
0 o o 1 o L] o o 1 o ) o o 0 [ 1 o 0 o
BREAK [} o o 0 o 0 o 1— 0 [ (] o (1] 0 [} L] o L] o

For the first historical schedule, a value of 1 is added for each transition between the
task performed at one time step and the task performed at the next time step.



HISTORICAL DATA:

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 1:30 2 2:30 3 3:30 4 4:30 5 5:30 6

DAY 1 OFF | WORK | BREAK | WORK ‘ BREAK | WORK BREAK | WORK ‘ OFF
DAY 2 OFF | 'WORK BREAK ‘ WORK BREAK | WORK | OFF
DAY 3 OFF ‘ WORK |BREAK | WORK BREAK | WORK | EREAKl WORK BREAK| WORK OFF
DAY 4 OFF | WORK BREAK ‘ WORK OFF
TRAINING
TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 6
OFF 1 o o o o o 0 o o 0 o 1] o0 o 0 a 0 o o 1 —
1 1 o o v) o 0 0 o 0 o o o 0 0 ) o o 0 o
0 0 o 1] 0 o 0 o o 0 o 1] o o 0 a 0 o 0 o
0 o o o o 0 o o 0 o o o 0 0 [ o o 1 1
‘WORK 1 2—- 1— 1— 2-— 32— 1— 0 0 1 1 2— 2— 2—= 0 0 2 = 1 o
0 ] 1 0 o 0 1 1 0 o 0 0 0 0 2 0 0 0 ]
0 o o 0 o 0 o o 0 a 0 o o 0 a o o 0 o
0 0 0 1 o 0 0 0 1 o 1 0 0 0 0 2 0 0 0
BREAK [} o o 0 o 0 o 1 1—- 1— 0 o (1] 0 [} L] o L] o

The same is done for the second schedule, adding 1 to various transitions.



HISTORICAL DATA:

TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 1:30 2 2:30 3 3:30 4 4:30 5 5:30 6
DAY 1 OFF |WORK | BREAK | WORK ‘ BREAK | WORK BREAK | WORK ‘ OFF
DAY 2 OFF | 'WORK BREAK ‘ WORK BREAK | WORK | OFF
DAY 3 OFF ‘ WORK |BREAK | WORK BREAK | WORK | BREAKl WORK BREAK| WORK OFF
DAY 4 OFF | WORK BREAK ‘ WORK OFF
TRAINING
TIME 8 8:30 9 9:30 10 10:30 11 11:30 12 12:30 1 130 2 2:30 3 3:30 4 4:30 5 5:30 6
OFF 2=+ 1— 1— 0 0 o 0 o o 0 o 1] o0 o 0 a 0 o o 1
1 1 o 1 v) o 0 0 o o o o o 0 0 ) o o 0
0 0 o 1] 0 o 0 o o 0 o 1] o o 0 a 0 o 0 o
0 o o o 0 o 0 o o o 0 0 [ o o 1 2
WORK 1 2 1 22— 2 2 22— 0 0 2 = 2= 2 2 33— 1— 0 2 2 -0
0 ] 1 0 1 0 1 2 0 o 0 1 0 0 2 1 0 0 ]
0 o o 0 [} o o o 0 a 0 o o 0 a o o 0 o
0 0 0 1 o 1 o 0 2 o 1 0 1 0 0 2 1 0 0
BREAK [} o o 0 o 0 o 1 1 1 (] o (1] 0 [} L] o L] o
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HISTORICAL DATA:

TME 8 830 9 930 10 1030 11 1130 12 1230 1 130 2 230 3 330 4 430 5 530 6
DAY1 | OFF | WORK | BREAK | WORK ‘ BREAK | WORK BREAK | WORK OFF
DAY2 | OFF | WORK BREAK ‘ WORK BREAK | WORK | OFF
DAY3 | OFF ‘ WORK |BREAK | WORK BREAK | WORK | EREAKl WORK BREAK| WORK OFF
DAY4 | OFF | WORK BREAK ‘ WORK OFF
TRAINING
TME 8 &30 9 930 10 1030 11 1130 12 1230 1 130 2 230 3 330 4 430 5 530 6
OFF 3> 2> 2= 1— 0 0 0 0 [ 0 0 0 o [\ 0 0 0 ] o 1
1 1 0 1 1 0 0 0 0 0 0 0 ] 0 0 0 [ [ [ 0
0 0 0 [ 0 0 0 0 [ 0 0 0 ] [} 0 0 0 [ 0 0
0 0 [ 0 0 0 ] 0 0 0 0 ] 0 0 0 0 [ 1 3
WORK 1 2 1 2 3> 3> 3—> 0 0 2 3> 3> 3> 4-— 2 1—- 3— 3= 0
0 o 1 0 1 0 1 3 0 o 1] 1 0 0 2 1 (4] 0 o
0 0 [ 0 0 0 0 ] 0 0 0 ] [} 0 0 0 ] 0 0
0 o (o] 1 o il 0 [+] 2 1 1 (o] 1 0 0 2 1 0 o
BREAK 0 0 ] 0 0 0 0 1 2= 1 0 ] 0 0 0 0 ] 0 0
16
A PN
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We no longer need the historical schedules themselves, as we can run the simulation

with this array of relative transition frequencies.
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TIME 8 8:30 9 9:30 10 10:30 1 11:30 12 12:30 1 1:30 2 2:30 3 3:30 4 4:30 5 5:30 6
OFF = 3 2 ¥ 0 o ] 0 0 0 o 0 0 0 0 0 0 0 0 1
1 1 0 1 1 0 0 o o 0 0 0 o o 0 0 0 o 0 o
1] 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 o 0 0
o 0 o 0 0 0 0 o 0 [ 0 0 ] 0 0 0 0 1 3
'WORK 1 2i= 1 2 e 2 R S, 1Y 0 2> 3> 3> 3> 4> 2 1 3> 3 o
0 0 1 0 1 0 1 3 0 0 0 1 o o 4 1 0 0 o
0 0 0 0 0 0 0 o 0 o o o 0 0 0 0 o 0 0
0 0 o 1 0 1 0 ) 2 1 1 0 1 0 0 2 1 0 o
BREAK 0 0 o 0 0 0 0 1 2 1 0 0 0o 0 0 0 0 0 0

SIMULATION

SIMULATION RESULTS:

TIME 8 8:30 9 9:30 10 10:30 1 11:30 12 12:30 1 1:30 2 2:30 3 3:30 4 4:30 5 5:30 6

SIM1 OFF WORK l BREAK | WORK | BREAK | 'WORK ] BREAK [ WORK OFF

For each simulated occupant, we can randomly generate a schedule using
probabilities derived from the array of transitions.



Each time we generate a schedule we end up selecting different transitions at
RAFFSNBY(d GAYSax
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