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Agenda

► Use cases for high-res building data
► Multifamily Baseline Study context
► Property data analytics process
► Computer vision methodology
► Achieved model performance
► Future research opportunities
► Available relevant data in Michigan 
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 Roof configuration
 Building perimeter geometry
 Window-to-wall ratio
 Proximity to adjacent buildings

 Up to 50 dwelling units
 Constructed after 1947
 3-5 floors

The value of granular data: example cases

 Flat roof
 No rooftop patios
 Minimal skylights
 At least 300 ft2 exposed 

rooftop area per unit
 No existing PV system

 High WWR
 High ratio of façade area to 

total floor area
 Minimal obstruction from 

adjacent buildings
 Overlay annual insolation

 Currently has window AC 
units installed

 Identify specific type of 
window openings

 Filter to disadvantaged 
communities

 Select older buildings with a 
specific construction style

 Cluster geographically
 Reduce outreach costs

Heat pump water 
heater installation

Rooftop solar PV 
installation

Daylight harvesting 
lighting controls

Bringing a new window-
mounted HP to market

Tailored program design & 
customer outreach

Building envelope retrofit 
solution
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Map contents via OpenStreetMap, CARTO, New York State GIS Office Aerial images © 2023 by 

Heat pump water 
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Rooftop solar PV 
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Daylight harvesting 
lighting controls

Bringing a new window-
mounted HP to market

Tailored program design & 
customer outreach

Building envelope retrofit 
solution
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Baseline Studies, Market Assessments, and Building Surveys
Highly detailed statistical representations

Schedules & 
setpoints

Mechanical system 
capacity and efficiency

Lighting power 
density Rooftop PV capacity HVAC system 

types & quantities

Appliance saturations

Domestic hot 
water systems Window-to-wall ratio Building geometry & shell 

characteristics

Images Copyright © 2023 Cadmus

Map content via ESRI, New York State GIS Office
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Map content via ESRI, New York State GIS 
Office, NYC Open Data, OpenStreetMap

Imagery Copyright © 2023, EagleView LIDAR data via New York State GIS Office and USGS

Getting to the building level
Property records and GIS data High-resolution aerial images LIDAR point clouds

Disaggregate attributes to 
individual buildings

Data reconciliation 
between sources

Complete statewide population 
of multifamily buildings
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NYC PLUTO Data
BBL: 2023950001
Address: 1230 Webster Ave
Num Bldgs: 6
Num Floors: 21
Res Units: 606

Disaggregating property data to buildings
Example: NYC PLUTO reports a single value 
for address, number of floors, and units on a 
single tax lot.

Our analysis of the same property geocodes the 
address and estimates the number of floors and 
units in each building

5 Beaumont Circle
85 units     16 floors

1260 Webster Avenue
110 units     15 floors

1270 Webster Avenue
113 units     21 floors

401 E 168th Street
165 units     15 floors

421 E 168th Street
132 units     21 floors

Excluded
Not 5+ Multifamily

Map Content via Maxar, ESRI, OpenStreetMap Contributors, City of New YorkMap Content via City of New York
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From pixels to pictures

MODEL TRAININGImage Classification
A simpler method that applies 
a single category to an entire 
image

Object Detection
Provides a bounding box around 
each instance of an object; 
simple and efficient to train

Instance Segmentation
Provides a pixel-level mask 
around each class instance or 
area of the image; more precise—
especially for complex shapes

City

Building

Wall Roof

Annotate 
features

Train 
model

Select 
sample images

Test and 
refine model

Aerial images © 2023 by 
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Adjusting image rotation

Converting between image and spatial coordinates

Turning 2D building footprints into 3D building shapes

Accounting for overlapping buildings and other obstructions

Challenges and solutions
Before you can analyze a building, first you have to find it!

Aerial images © 2023 by 
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Using the building blocks
Once solutions were built for common challenges, the following steps were taken:

BY THE NUMBERS

• Over 200,000 (>1 TB) 
full-resolution original 
aerial images

• Over 600,000 (>300 GB) 
cropped aerial images

• Images for approximately 
99.8% of all multifamily 
buildings in New York

• More than 90% of the 
images were taken in 
2020 or later 

Scale the Solution
Acquire images, apply the necessary transformations, and run 
the model across the full population of NYS multifamily buildings

Compare for Quality
Use real-world values from site visits to validate model results 
and determine the reliability of calculated metrics

Analyze Results
Use the annotations to determine and/or confirm WWR, 
building height, number of floors, roof construction, and more
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Successfully extracted building attributes
Unique Building 
Identifier (UBID) Complete address Parcel identifier Building footprint 

geometry

Year of construction

Roof area

Gross floor areaBuilding height (ft) Building floors

Façade area Window-to-wall 
ratio (WWR)

Roof construction

Packaged rooftop 
HVAC units Split system AC Window ACMinisplit heat pumps

Number of 
residential units

Solar PV systems Skylights

Ortho and 
oblique images

Note: This project is still in progress. Results are subject to change. 
Not all attributes were detectable for all buildings. 



16

Achieved analysis performance

Categorical 
Metrics

Building Inventory 
Detection Rate

Site Visit 
Comparison Correct 
Identification Rate

Rooftop 
Material

70% membrane 99%

Solar Panels 6% present 96%

Split-System 
AC

17% present 98%

Window AC 41% present 91%

Skylights 45% present 90%

Packaged 
RTUs

4% present N/A*

Minisplit HP 3% present N/A*

Quantitative 
Metrics

Building Inventory 
Mean

Site Visit Comparison 
Avg Difference

Number of 
Floors 4.36 ⮟ 0.05

Window-to-Wall 
Ratio (WWR) 0.116 ⮟ 0.001

Gross Floor 
Area (ft2) 29,100 ⮝ 2,600

⮟ Image analysis underestimated
⮝ Image analysis overestimated

Building inventory: 122,604 buildings

Site visit comparison: 391 buildings

* Insufficient site visits with these
  systems present to evaluate

Note: This project is still in progress. 
Results are subject to change.
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Applications and next steps
How will this fit into future Cadmus and NYSERDA efforts?

Integrate data into NYSERDA systems to support research activity

Identify opportunities for improving and expanding the reach of 
programs involved with retrofitting multifamily buildings

Share data with service providers to inform market activity at a greater 
scale than previously available

Expand into other market segments and potential applications for a 
broader understanding of the built environment
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Computer vision technology is rapidly advancing

Greater proliferation of 3D models

Higher-resolution imagery Assisted labeling & generic models

Aerial image © 2023 by 

Screenshot from Google Maps, Copyright © 2024 Google

Aerial image © 2023 EagleView
Segment Anything Model demo by Meta AI Research
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Can’t we just use ChatGPT to do this for us?

Maybe not…Maybe…
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Future Research Areas

Cladding material, 
façade features, and 

window types

Estimating HVAC 
system capacity and 

configuration

More precise spatial 
calculations and 3D 

models

Aerial images © 2023 by 
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Multifamily building stock in Michigan

Data from American Community Survey, map content © OpenStreetMap

• Concentrated in the lower peninsula

• Mostly low-rise buildings

• Lower density than NYC region, but 
similar to upstate New York

Note: this approach is not limited to 
multifamily buildings –the same 
techniques to can be adapted to single 
family and commercial buildings
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Is there data available to do this in Michigan?
LiDAR data Aerial images

Building footprints

Property data

• Statewide data free via USGS
• Captured from 2017-2019 Ortho imagery 

(MiSAIL for govt)
Oblique imagery 

(vendor 2)
Oblique imagery 

(vendor 1)

• Available from individual counties
• No unified free public dataset
• Available statewide from commercial 

aggregator for ~$10k
• Utilities may already have purchased 

suitable data for other purposes

• Good coverage with open source data
• Alternatively available statewide from 

commercial sources for ~$10k

3D building models

• Free via SEMCOG for 
7 counties in SE Michigan
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Thank You! 
Questions / Discussion

Nathan Hinkle
Senior Associate

nathan.hinkle@cadmusgroup.com
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Senior Specialist
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cadmusgroup.com
nyserda.ny.gov
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