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Learning Objectives 
1. Provide an overview of different techniques of 
calibration 
2. Describe Bayesian calibration methods 
3. Describe a method of test for evaluating the efficacy of 
model calibration techniques 
4. Describe the working of online Trinity Test web 
service 

 
 

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education 
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Outline/Agenda 

• Autotune 
– What is it? 
– How good is it? 
– How can I use it? 

• Trinity Test 
– Quantified performance of any calibration 
– Large-scale calibration studies 

• Which should you use? 
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Autotune 
Automatic calibration of models to data 

Presenter
Presentation Notes
First, let’s briefly discuss the cost-prohibitive, business-as-usual approach to building energy modeling and how technology being developed aims to remove those barriers. A person builds an input file,
*CLICK advance*
runs it through a simulation engine, and compares it to sensor data.
*CLICK advance*
They never match.
*CLICK advance*
So you have this expensive feedback loop where an energy modeling expert tediously edits THOUSANDS of parameters - typically in a text file - for occupancy schedules, HVAC system configuration, material properties, etc. This is so expensive, validation of energy models is rarely performed. What everyone really wants is…
*CLICK advance*
An easy button
*CLICK advance*
Where instead maybe we spin this off, for a computer to solve for us.
*CLICK advance*
The base E+ input file won’t be accurate at first
*CLICK advance*
But our algorithms successively get better
*CLICK advance*
And better
*CLICK advance*
Until eventually
*CLICK advance*
It’s within an acceptable tolerance
*CLICK advance*
We then return that tuned model to the user.

And how is it relevant to DOE…



 
• Titan is the world’s #1 fastest 

buildings energy model (BEM) 
simulator 

• 500,000+ EnergyPlus building 
simulations in less than an 
hour 

• 125.1 million U.S. buildings 
could be simulated in 2 weeks 

• 8 million simulations for DOE 
ref. buildings 

• 270TB of simulation data 
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Supercomputers for Buildings 
CPU 

Cores 
Wall-clock 

Time (mm:ss) 
Data 
Size 

EnergyPlus 
Simulations 

16 18:14 5 GB 64 
32 18:19 11 GB 128 
64 18:34 22 GB 256 

128 18:22 44 GB 512 
256 20:30 88 GB 1,024 
512 20:43 176 GB 2,048 

1,024 21:03 351 GB 4,096 
2,048 21:11 703 GB 8,192 
4,096 20:00 1.4 TB 16,384 
8,192 26:14 2.8 TB 32,768 

16,384 26:11 5.6 TB 65,536 
32,768 31:29 11.5 TB 131,072 
65,536 44:52 23 TB  262,144 

131,072 68:08 45 TB 524,288 

Presenter
Presentation Notes
This is more data than the Hubble Space Telescope amassed in 20 years.
http://www.nasa.gov/mission_pages/hubble/story/index.html#.U16coPldVp8
The Hubble Space Telescope has amassed more than 45 terabytes of data in its first 20 years worth of observations
 "NASA – NASA – The Hubble Story". Nasa.gov. 2010-04-29. Retrieved 2013-04-14.




• Linear Regression 
• Non-Linear Regression 

• Feedforward Neural 
Network 

• Support Vector Machine 
Regression 

• K-Means with Local Models 

• Gaussian Mixture Model 
with Local Models 

• Self-Organizing Map with Local 
Models 

• Regression Tree (using 
Information Gain) 

• Time Modeling with Local Models 
• Recurrent Neural Networks 
• Genetic Algorithms 

• Ensemble Learning 
(combinations of 
 multiple algorithms) 
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Suite of Machine Learning 

Integrated mixture of 
Commercial, Research, and 

Open Source software 



Data Preparation 

30x LS-SVMs 
   validation folds 1-10 
    input orders 1-3 

MLSuite Architecture 

MLSuite XML 

PBS 

Linux 
#1 

Super-
computer 

#1 

Linux 
#218 

Super-
computer 

#2 
… 

  



Island Hopping 
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Evolutionary Process 

Winner: NSGA-II 
(settings, architecture, and 

other optimizations) 
 

Allows timely, robust 
calibration with a low error  

rate to measured data 

Presenter
Presentation Notes
NSGA-II without the optimizations is like trying to race a stock vehicle…you’re leaving out a lot of calibration performance



Autotune Performance 

Leveraging HPC resources to calibrate models for optimized building efficiency decisions 

Industry and building owners DOE-EERE: BTO  DOE Office of Science 

Features 
• Calibrate any model to data 
• Calibrates to the data you have 

(monthly utility bills to submetering) 
• Runs on a laptop and in the cloud 

 

• 30+ Publications: 
   http://bit.ly/autotune_papers 

• Open source (GitHub): 
   http://bit.ly/autotune_code 

Results 

Hourly – 8% 
Monthly – 15% 

Tuned input 
avg. error 

Within 
30¢/day (actual 
use $4.97/day) 

Residential 
home 

    
ASHRAE  

G14 
Requires 

Autotune 
Results 

Monthly 
utility data 

CVR 15% 1.20% 
NMBE 5% 0.35% 

Hourly 
utility data 

CVR 30% 3.65% 
NMBE 10% 0.35% 

Results of 20,000+ Autotune calibrations 
(15 types, 47-282 tuned inputs each) 

High Performance Computing 
• Different calibration algorithms 
• Machine learning – big data mining 
• Large-scale calibration tests 

Other error metrics 

3 bldgs, 8-79 inputs 

Presenter
Presentation Notes
PH - Just the image of Titan on left side, Frost, Lens, Nautilus, new one (staging area for Titan)
PH – input side error metrics in place of the output side
PH (research idea) – weight performance metrics by energy usage

Matches monthly utility data or�1+ million data points (adv. metering)


We have 30 related publications in the past 3 years on the technologies behind this, but what have we achieved?

https://www.millennium.berkeley.edu/wiki/_detail/images:citris_small.jpg?id=citris


Performance and Availability 
    ASHRAE  

G14 
Requires 

Autotune 
Results 

Monthly 
utility data 

CVR 15% 0.32% 
NMBE 5% 0.06% 

Hourly 
utility data 

CVR 30% 0.48% 
NMBE 10% 0.07% 

Results from 24 Autotune calibrations 
(3 building types - 8, 34, 79 tuned inputs each) 

    ASHRAE  
G14 

Requires 

Autotune 
Results 

Monthly 
utility data 

CVR 15% 1.20% 
NMBE 5% 0.35% 

Hourly 
utility data 

CVR 30% 3.65% 
NMBE 10% 0.35% 

Results from 20,000+ Autotune calibrations 
(15 types – 47-282 tuned inputs each) 

Open source on GitHub: 
http://bit.ly/autotune_code 

Standalone demo and Vagrant/VirtualBox image 
 

FY15 project on indefinite hold for integrating 
Autotune web service as OpenStudio application 

Free to use. Pay for cloud computing. 



Trinity Test – what is it? 

• “True” model – defined by the user for a specific test case; the 
answer key used to quantify accuracy of the calibrated model 

• Calibration (edits) – simulation output as a surrogate for 
measured data 



Advantages 

• Reproducibility! 
– No specific, unique buildings of interest 
– No unshared data used for calibration 
– No different metrics 
– No focus on only simulation output 

• Proliferation in calibration literature 
– Necessarily unique 
– Largely irreplicable 
– Essentially incomparable 



Limitations 
• Cleanroom approach which has removed all “noise” 

from the calibration process 
– No: sensor drift, missing data, utility data measured at 

different times, unaccounted for occupancy/behavior 
changes, model/form uncertainty (but can allow study) 

• Allows use of any weather file (TMY) 
– For real-world application, you need AMY data 

• No mapping of simulation output to measured data 
– Temperature gradients: what point is “Temp. of N wall?” 

• No sensor placement/material issues 
• Test results equally weight all inputs/outputs, even 

though some matter more than others 



Results 

IDF + CSV  XML 

Thickness of metal siding? 
Calibrator: Between 0 and 0.5 

and less than 1-B 
Oracle: 0.055 



Website 

http://bit.ly/trinity_test 

XML EPW CSV 



Website/service 



Results 
Metric Value 

Input error average 24.38 
Input error maximum 66.12 
Input error minimum 0.09 
Input error variance 228.53 

CV(RMSE) 
CH4:Facility [kg](Monthly) 9.95 
CO2:Facility [kg](Monthly) 15.42 
CO:Facility [kg](Monthly) 20.40 
Carbon Equivalent:Facility [kg](Monthly) 14.42 
Cooling:Electricity [J](Hourly) 1577.96 
Electricity:Facility [J](Hourly) 10.48 
… 
NMBE 
CH4:Facility [kg](Monthly) -9.57 
CO2:Facility [kg](Monthly) -14.78 
CO:Facility [kg](Monthly) -19.52 
Carbon Equivalent:Facility [kg](Monthly) -13.83 
Cooling:Electricity [J](Hourly) 592.77 
Electricity:Facility [J](Hourly) -9.52 
Electricity:Facility [J](Monthly) -9.52 

143+ outputs 

CV(RMSE)<30% 
NMBE<10% 

Satisfies G14!!! 



20,000 Model Calibration Study 
Restaurant Hospital Large Hotel Large Office Medium 

Office 
Midrise 

Apartment 
Primary 
School 

Quick 
Service 

#Inputs 49 227 110 85 81 155 166 54 
#Groups 49 139 67 43 36 78 109 54 

Secondary 
School Small Hotel Small Office Stand-alone 

Retail Strip Mall Super 
Market Warehouse TOTAL 

#Inputs 231 282 72 59 113 78 47 1809 
#Groups 122 131 58 55 85 72 44 1142 

Presenter
Presentation Notes
Test creator selects one building
Defines any numerical parameter in a simulation input file uniquely
Base model consists of ranges
True model consists of actual values



ASHRAE G14 Metrics Results 

Presenter
Presentation Notes
Many other experiments to reduce input-side error metrics are in the process of being published…one is a technical paper at this conference…

One realization is reducing input and output-side error metrics both suffer from this error metric question…so we did a full matrix…
Columns are output metrics
Dots for each building show input metrics
If reducing the input metric (getting the “real” building from calibration) is the same as reducing the error rate according to the output metric (matching utility bills), then the correlation would be nearly 1. Nothing is above an absolute value of 0.4.



Questions? 

 
 

Joshua New 
newjr@ornl.gov 
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