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Control of solar radiation w/ adaptive facades
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Building Envelopes which are
capable to adapt their physical
properties (i.e. thermal, optical,
structural, etc.) in a reversible
way as a response to and/or to
adjust to transient boundary
conditions (either external, such
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occupants’ requirements), in
order to respond to changing
priorities (i.e. minimizing the
building energy use, maximizing
the use of natural light,
maximising privacy, etc.)
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Control vs performance London

UDlu - 34%
Static Most
50% Transparent
40%
S
. @ 30%
Actuator(s) e Sensor(s) —>  Control algorithm(s) S
possible glazing states 20% e
UDIu - 60%
10% Static Least...
Static Glazing o
S 0,
© 0%
-_ 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
O SE [kWh/m2y]]
£ Rome
E 45%
40% UDlu - 43%
Static Most
35% Transparent
30%
8 25%
v 5
20% *
15%
UDIu - 77%
10% Static Least
Favoino F., Francesco Fiorito F., Cannavale A., Ranzi G., Overend M. Optimal control and performance of ! Transparent
photovoltachromic switchable glazing for building integration in temperate climates.Applied Energy, Volume 178, %
15 Sept 2016, Pages 943—961 0%
25.00 27.00 29.00 31.00 33.00 35.00

SE [kWh/m2y]]

Min Energy

N

Advanced Control Strategies For The Modulation of Solar Radiation In Buildings: MPC-enhanced Rule-based Control

Fabio Favoino & Marco Savino Piscitelli, Politecnico di Torino, Dipartimento Energia, TEBE research group



Control vs performance London
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Control of solar radiation w/ adaptive facades
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Control of solar radiation w/ adaptive facades
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Objectives of the study

IF-THEN rules that can be adopted in operation to mimic optimal control,
with a relatively low decrease of operational performance.

1 | reduce the complexity of smart glazing MPC controls by extracting simpler

reduce the need for a calibrated building model and on-line optimisation
2 during building operations

reduce the number of variables needed for implementing optimal control
3 strategies
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Methodological framework of the analysis
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Case study

The virtual test case building is a reference enclosed office room (4 m wide
x 8 m deep x 3.5 m high) in a heating dominated climate (i.e. London), with a
Window-to-Wall-Ratio of 60% on the South-oriented facade.

+ The opaque portion of the fagade is a typical curtain wall construction, and concrete slab for the horizontal partitions;
* The transparent portion of the South-oriented wall integrates a PVC smart glazing

4 0.595 0.508
o —— 3 0.446 0.396
avoino F., Francesco Fiorito F., Canna
photovoltachromic switchable glazing for builg 2 0.341 0.325
15 Sept 2016, Pages 943-961 1 0.238 0.238
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Case study: Reference control strategies

RBC - Passive: this is based on the amount of State selection RBC
1 incident solar radiation on the facade

State 4 State 3 State 2 State 1
0-100 100-250 250-700 >=700
[W/m?] [W/m?] Wim2 Wim2

RBC — Opt Hourly: the smart glazing adopts a Optimization problem RBC. opt
2 state, at 1-hour intervals, which minimizes the total -
building loads (sum of heating, cooling and lighting min{f(X)=Q=Qheat +Qm + Q||
loads). X(®) = (g —value (&) [<], 7 () [-])
3 MPC: the smart glazing is actively controlled at 1- Optimization problem MPC
hour intervals, such that its control sequence YWh

minimizes the total site energy use of the building
over a certain time horizon.

min

| {f(X) = SE = SE,, +SE, + SE, [mzy]
X(@®) = (g —value (¢) [-], 75 (O [-])
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Construction of the database

The first stage is aimed at simulating an optimal control strategy obtained by means of an ideal
model predictive control (MPC)

The simulated predictive controller

— ST A __FUTURE minimises the total energy use of the room
over the prediction horizon (i.e., cooling,
Reference Trajectory heating, lighting), selecting hour by hour
- + Predicted Output the optimal discrete state of the smart
*~ Measured Output glazing.
' Predicted Control Input
—— Past Control Input *
—‘ , one-year dataset of optimal hourly control
Prediction Horizon signal with other influencing variables
_ a >
|. | | | | | | | | ) Favoino F., Francesco Fiorito F., Cannavale A., Ranzi G., Overend M.
| | | | | I I | | Optimal control and performance of photovoltachromic switchable glazing
s e Tim for building integration in temperate climates.Applied Energy, Volume 178,
K K+l k2 ample Time k+p 15 Sept 2016, Pages 943-961
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Rule extraction from MPC simulated data

The second stage of the analysis is aimed at extracting from the MPC control logic, a
set of decision rules capabile to:

(i) reduce the complexity and the computational cost in implementing the glazing
controller,

(i) achieve an energy performance close to the reference optimal solution,
(i) increase the control logic interpretability.

To this purpose a decision tree algorithm (i.e., CART) has been employed.
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Classification And Regression Tree (CART)

The objective of a classification model consists in learning a function or a set of rules, which
allows to predict for a new unlabeled statistical object its class membership.

Model development s :
P Classification Tree @

1. Starting from the root node, at each node of
the tree model, the data are successively i by
splitted.

2. At each split the model identify which variable,
and threshold value, better discriminate data Frday Mopa, Tosday Tuesca, Wecnescay \
according to impurity measures. ' I e

3. The splitting process ends when stopping 04 o4
criteria are satisfied (e.g., max depth) - - - -
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Classification And Regression Tree (CART)

In this study, two different trees have been trained and tested assuming different pools of
input variables.

The first tree is fed only using ... Thesecondtree is fed also using
backward-lagged variables forward-lagged variables

The optimal size was assessed through a cost-complexity process, searching for a trade-off
between the misclassification error of the predicted discrete states of the glazing and the
number of decision rules extracted.

Accuracy Complexity parameter
R(t) = r(®p(0)
A nOCOTT‘eCt R(T.) = Z R(i) fori = leaves in the subtree rooted at t
dt =
Tlotot @ = R(t) B R(Tt)
Ny—1
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Sets of input variables for decision tree 1 & 2

. . Backward la Forward la
D.tree Variable Description g g
[hrs] [hrs]
Tinth Hourly Indoor zone temperature [°C] -1 -
Testh Hourly outdoor temperature [°C] -21,-37, -42 -
1 SR, Hourly solar radiation [W/m?] g < S8, S, o ey <SS <G -
-37, -42
ey Daily average outdoor temperature [°C] - -
hour Hour of the day - -
Tinth Hourly Indoor zone temperature [°C] -1 -
Testh Hourly outdoor temperature [°C] -3, -42 +3
2 SR, Hourly solar radiation [W/m?] ol 12117 R 0, +1, +2, +3, +4
sty Daily average outdoor temperature [°C] - -
hour Hour of the day - -
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Rule extraction and testing of the control strategies

Open loop test

In the open loop test the classification
accuracy Ay, of the decision trees, has been
employed as performance measure suitable
for  evaluating their  capability in
reproducing the MPC control sequence

(o]
N correct

Ad -
t o
N¢ot

Closed loop test

The rule-based controllers are tested
embedding them in the building energy
model.

This case represents the closest
approximation of the controller performance
on a real automation system.

&

EnergyPlus
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Results achieved in the open loop test
R Glass State: HEEE 1 2 N ; . 4

MPC Decision Tree 1 Decision Tree 2
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Results achieved in the closed loop test

Site Energy Uses [kWh/m?y] Performance Reduction vs MPC
Control
type N° state ;
: SE heat SE cool SE light SE gl
SE heat SE cool SE light SE gl cthl_r]lge [%] [%] [%] [%]
RBC - 20.66 1.47 7.59 29.73 1428 ; ; : :
Passive
H opt 19.17 1.22 8.14 28.52 743 - - - -
MPC 18.96 1.09 5.29 25.33 3153 - - ; .
o P H
tDrﬁg'i'O” 18.16 1.41 741 1 2698 1 2039 4.19% 29.70%  -40.12% -6.51%
1
i l
: i
. ,
522'2'0” 18.90 1.19 5.48 | 2557 I 2293 0.30% -9.33% -3.71% -0.95%
L ]
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Results achieved in the closed loop test

Relative differences MPC vs Decision tree 2
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Results achieved in the closed loop test

During summer season occur some
peak differences in cooling (although

During the middle season the MPC performs
better than the decision tree (heating)

Relative differences MPC vs Decision tree 2 in period where cooling is low)
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Conclusions

(i) Despite of only 61 - 64% model accuracy (open loop test), the CART was able to
extract rules with a 5 - 1% performance difference with MPC (closed loop test);

() The rule extracted involve 5 input parameters based on the measurements of 3
sensors (i.e., Toy Tine SR);

(i) The number of state changes was reduced by 30% compared to MPC,;

(ii) future works will be aimed at simulating the MPC and RBC controllers in a more
realistic way (i.e., without perfect prediction of the disturbances);

(iv) generalizability (to other case studies) and scalability (from single window to an
entire facade) of advanced RBC controllers will be subjects of further investigations
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