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DEALING WITH CORNER CASES IN OCCUPANT-
GENTRIC CONTROL:
DO PHYSICS-INFORMED MODELS HELP?
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OCCUPANT-GENTRIC HVAC CONTROL

Traditional control driven by static schedules Occupant-centric control
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26’_ - Tsetpoint, cooling - Occupant 11 26’_ - Tsetpoint, cooling - Ochupant 11
_ Troom H Troom
- Tsetpoint,heating - Tsetpoint, heating k M
24— s 241 ANV
o \ 5 o V] 8
= (Ve AR = M v JJ:—J ~ @ = i
Q22 T e 2224 0
2 o 2 S
g’zo- 77777777 ] g g’zo- \ g
£ o £ o
o O o O
= o = o
18 18 \
16 0 16 0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
24-Jun 25-Jun 30-Jul 31-Jul

BUILDING S
SIMULATIO

2023 smisuune Slide 2

BRISBANE

CARBON AND CLIMATE RESPONSIVE




LACK OF IMPLEMENTATION

V.S.

What research papers highlight What facility managers care about [1]

* X% higher predictive accuracy * What’s the payback period?

* Y kWh energy saving based on * |s it easy to set up, with few additional
simulation/experiments requests?

* 7% reduction in data requirements/ * Does it offer robust control under all
computational costs conditions?

BUILDING S
SIMULATION

202 smssuie Slide 3

CARBON AND CLIMATE RESPONSIVE




OVERLOOKED CORNER CASES

* Unseen, unexpected, or extreme situations that a system might
encounter, potentially causing errors or failures in its operation
(e.g. autonomous driving)

* For OCC, previous results focused on average KPI over a
relatively long period

* More attention is needed for the robustness in unseen and
extreme scenarios (e.g. weather, occupant)
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THE ROLE OF THERMAL RESPONSE MODELS

* A typical model-based predictive control approach
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PHYSICS-INFORMED PREDICTIVE MODELS

White-box models better describe the physics but usually less accurate

Black-box models are more capable of fitting data but less reliable in extrapolation

Hybrid models to combine the advantages of both sides

Emerging trend of physics-informed
 Still based on data-driven models, but integrating physics-informed constraints
* More physics-consistent than black-box and easier to learn than white/gray-box

Black-box Physics-informed
« ANN learning

e Long Short-Term * Physics-informed
Memory (LSTM) Neural Network (PiNN)

 Physics Consistent

Neural Network (PCNN)
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RESEARCH OVERVIEW

* Objectives

* How does the physics integration improve the robustness of predictive models?
* How does the change in predictive behavior impact the decision-making process?

* Research design

* Four models with incrementally added physics
* Three predictive tests using real-world data
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LSTM -> PINN -> PCNN -> RC
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Frist winter
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24 HOUR OPEN-LOOP PREDICTION

* Predictive accuracy at a glance

“Mean absolute errors (°C)
Model Training® 1st case (standard) 2nd case (extrapolation)

by room std | mean by room std | mean by room std mean
0.6, 0.65, 0.77, 0.69, 0.7, 0.82, 1.04, 0.99, 1.17,

LSTM 0.88, 1.29, 0.79 0.23 | 0.83 1.11, 1.25, 0.81 0.21 1 0.89 0.88, 2.18, 1 0.4 1.21
0.54, 0.82, 0.62, 0.66, 0.93, 0.7, 0.99, 0.83, 0.95.

PINN 1 051 144, 1.02 | 939 | 082 | 476 136, 005 | 925 | 089 | 058 219 113 | 091 | 112
0.7, 0.57, 0.66, 0.76, 0.65, 0.74, 0.69, 0.92, 0.6,

PONN 1 056, 1.08, 1.59 | 057 | 0-86 | o4 116,122 | 022 | 0-88 | 64 138 101 | 027 | 087
1.46, 1.41, 1.19, [ 1.34, 1.53, 1.31, 1.78, 1.97, 1.9,

RC 1 116,159 173 | 02 | 142" | 114 148 159 | P10 | 139 | 169 16 182 | 01| 178
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24 HOUR OPEN-LOOP PREDICTION

e LSTM and PINN yielded comparable results in both tests

“Mean absolute errors (°C)
Model Training® 1st case (standard) 2nd case (extrapolation)

by room std | mean by room std | mean by room std mean
0.6, 0.65, 0.77, 0.69, 0.7, 0.82, 1.04, 0.99, 1.17,

LSTM 0.88, 1.29, 0.79 0.23 | 0.83 1.11, 1.25, 0.81 0.21 1 0.89 0.88, 2.18, 1 0.4 1.21
0.54, 0.82, 0.62, 0.66, 0.93, 0.7, 0.99, 0.83, 0.95.

PINN 1 051 144, 1.02 | %32 | 082 | 076 1.36, 005 | 925 | 989 | 058 219,113 | 021 | 112
0.7, 0.57, 0.66, 0.76, 0.65, 0.74, 0.69, 0.92, 0.6,

PONN 1 056, 1.08, 1.59 | 057 | 0-86 | o4 116,122 | 022 | 0-88 | 64 138 101 | 027 | 087
1.46, 1.41, 1.19, [ 1.34, 1.53, 1.31, 1.78, 1.97, 1.9,

RC 1 116,159 173 | 02 | 142" | 114 148 159 | P10 | 139 | 169 16 182 | 01| 178
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24 HOUR OPEN-LOOP PREDICTION

* PCNN had slightly larger fitting error, performed similarly in standard tests, but significantly better in

extrapolation

“Mean absolute errors (°C)

Model Training® 1st case (standard) 2nd case (extrapolation)

by room std | mean by room std | mean by room std mean
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24 HOUR OPEN-LOOP PREDICTION

* RC model has too simplified model structure Room 6
—— Measured —— PINN RC
22| === LSTM  --—- PCNN
* Minimized the predictive error with smoother
profiles i
* Robustly captured the (slow) free-floating 3 21
temperature § /
20+
, . . 19
* BUt COUIdn t (C]Ulely) respond to HVAC InpUtS and 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
disturbances 01-Feb
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INPUT INTERPRETATION -> PHYSICS CONSISTENCY

e LSTM overestimated the impact of slightly increased
CO, level
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* Projected the room temperature to increase when it
should decrease (0°C outside)

Room 4 inputs

z 500 CO; level —— Heating valve (%)
o
o
* PINN and PCNN with more physics gradually 3
improved the situation G
(@)
Q

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

* Change in physics consistency not reflected in long- 01-Feb

term predictive errors
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CHALLENGES IN EXTRAPOLATION

e LSTM and PINN wrongly predicted abrupt changes, 22

affected by irrelevant inputs ©
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THE CORNER CASE
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THE CORNER CASE

* None of the model could capture the spike in 24-hour 26 24 hourghesd
ahead predictions il s T e $EE
* Many applications could be based on shorter prediction
horizon -> 3-hour ahead prediction S5 18
g 3 hour ahead
* PCNN captured the spike with a closer starting point, & 24
. . . o SN
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SUMMARY

Real-world implementation requires more attention for control robustness and corner cases

Physics integration could improve model robustness, but requires careful balance between physical
constraints and model expressiveness

A models’ deficiency in extrapolation and corner cases could be disguised by lower errors in standard tests,
calling for more comprehensive evaluation framework

Future work to quantitatively translate the predictive performance to control performance
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THANK YOU!
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