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George Box: 

All models are wrong – but some are useful
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Modeling made simple
Suppose we have a time series of data:

         {X
t
} = X

1
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, .... , X

t
, ...   

The purpose of any modeling is to find a nonlinear 
function h({X

t
}) such that

           h({X
t
}) =  ε

t

Where {ε
t
} is white noise – ie. no autocorrelation

 



  

                                  

Some 'randomly picked' books on 
modeling  ....
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Contents

1.A single sensor (a smart 
meter)

2.Several sensors (and 
grey-box modelling)

3.Special sensors (model 
for occupant behavior) 
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 Part 1 
A single sensor (smart meter)

Smart Meters and data 
splitting

Smart Meters and 
Thermal Characteristics

Problem setting

Simple tool
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Case Study No. 1

Split of total readings into space heating and domestic 
hot water using data from smart meters
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Data separation principle
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Data
● 10 min averages from a number of houses
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Holiday period
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Robust Polynomial Kernel

To improve the kernel method

Rewrite the kernel smoother to a Least Square Problem

Make the method robust by replacing with

Make the method polynomial by replacing with
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Case Study No. 2

Identification of Thermal 
Performance using 

Smart Meter Data



  

Characterization Smart Meter Data

Energy labelling

Estimation of UA and gA values

Estimation of energy signature

Estimation of dynamic characteristics

Estimation of time constants
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Simple estimation of UA-values
Consider the following model (t=day No.) 
estimated by kernel-smoothing:                           
                                                                             
                                                                             
                                                                          

The estimated UA-value is

With more involved (but similar models) also gA 
and wA values can be stimated
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Results 

Notice: Still some issues with negative values but often they
are not significiant. 
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Perspectives for using 
Smart Meters

Reliable Energy Signature.

Energy Labelling

Time Constants (eg for night set-
back)

Proposals for Energy Savings:

Replace the windows?

Put more insulation on the roof?

Is the house too untight?

......

Optimized Control

Integration of Solar and  Wind 
Power using DSM
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 Part 2 
Several sensors 

Introduction to Grey-Box 
Modelling (a continuous-
discrete state space 
models)

A model for the thermal 
characteristics of a small 
office building

Models for control 
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Introduction to Grey-Box modelling



The grey box model

Notation:

Diffusion term
Drift term

System equation

Observation equation

Observation noise
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Grey-box modelling concept

Combines prior physical knowledge with information in data

Equations and parameters are physically interpretable
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Forecasting and Simulation

One-step forecasts

K-step forecasts

Simulations

Control

 … of both observed and hidden states.

Grey-Box models are well suited for ...

 It provides a framework for pinpointing model deficiencies 
– like:

Time-tracking of unexplained variations in e.g. parameters

Missing (differential) equations

Missing functional relations

Lack of proper description of the uncertainty
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Case study 

Model for the thermal characteristics 
of a small office building
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Part 3 
Special Data (eg Non-Gaussian)

Identification of Occupant Behavior 

Use of CO2 
measurements to model 
occupant behavior in 
summer houses 
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Summer houses represent a special 
challenge 

Large variation in the number of people present in the 
house

Power Grids in summer house areas represent a special 
problem for some DSOs

Time series of CO2 measurements are the key to the 
classification
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Homogeneous Hidden Markov Model
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Inhomogeneous Hidden Markov Model
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Inhomogeneous Markov-switching with 
auto-dependent observations 
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Inhomogen Markov-switching AR(1)
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Some conclusions:

That the low activity state 5 is not very likely from 10 am to 11 pm.
The highest activity is seen in the late afternoon.
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Thanks  ...

● For more information

        www.ctsm.info 

        www.henrikmadsen.org

        www.smart-cities-centre.org

● ...or contact 

– Henrik Madsen (DTU Compute) 

hmad@dtu.dk
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