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Problem and Proposed Solution

» Problem

» Effective management of refugee and internally displaced persons
(IDP) camps rely on accurate, up-to-date, and comprehensive
population estimates.!'

» Reliable population figures are often not available due to: [2
» Limited access to camp locations
» Biased data for political purpose

» Difficult nature of collecting data during large influxes of persons

» Traditional field-base estimates are time and resource intensive

» Proposed Solution

» Develop a tool that calculates population estimates based on the
area of camp dwellings derived from automated feature extraction




Refugee and IDP Worldwide Statistics
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Field-base Population Estimates

» Traditional method for population estimates
» Camp registration
» Camp census
» Benefits
» Better ground truth
» Ability to determine dwelling
occupancy rates
» Challenges
» Time and resource intensive
» Bias
» Safety concerns

Field-base camp interview. Source: [4]




Image-base Population Estimates

» Extract camp dwellings from high-resolution imagery
» Manual feature extraction
» Automated feature extraction

» Multiple dwelling figures and occupancy estimates [°]

» (Number of Dwellings) x (Estimated persons per dwelling)

» (Total dwelling area) x (Estimated persons per covered area)




Image-base Population Estimates [6:7,8,9,10]

» Benefits
» Less time and resource intensive
» Significantly decrease safety concerns
» Reasonable precision
» Limitations
» Requires highly-trained analysts
» Requires high-resolution imagery
» Inability to differentiate building function or occupancy status
» Relies on accurate field-based estimates

» Precision decreases in complex situations




Image-base Population Estimates

» Growing trend within the refugee and IDP humanitarian
relief missions

» Highlighted in Camp Management Toolkit "]

» United Nations High Commissioner for Human Rights (UNHCR) and
International Organization for Migration (IOM) are already utilizing
imagery to monitor refugee and IDP camps [12]

» Somalia’s Afgooye corridor
» 2010 Haiti Earthquake




Manual vs. Automated Extraction [6,7,8,9,10]

» Manual feature extraction

» Benefits

» Human controlled extraction

» Limitations
» Time consuming

» Requires highly trained
analysts

» Subjectivity leads to
inconsistencies in complex
situations

» Can not automate

» Automated feature extraction
» Benefits

» Limitations

» Scalable
» Transferable
» More consistent

» Ability to automate

» Requires highly trained analysts to
develop signature file

» Decrease accuracy in complex
situations

» Spectral variance between sensors

» Geographical, seasonal, and material
effects on spectral signatures



Object-base vs. Pixel-base

» Object-base: Classifies groups of pixels (objects) based on
spectral, textual, and spatial properties

» Pixel-base: Classifies pixels independent from one another




Study Area

» Rohingya Refugee Emergency, Bangladesh ['3]

» Approximately 671,000 Rohingya refugees fled
targeted violence in Myanmar since August 2017

» Refugees settled in and around existing refugee
camps in two areas, Kutupalong and Nayapara

» More than 50,000 shelters have been erected.
Building materials consist mainly of bamboo,
rope, and tarpaulins

» Population estimates are well documented
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Objective

Develop a tool

to calculate refugee and IDP camp population estimates
based on dwelling figures

derived from automated feature extraction




Project Workflow

» Data acquisition

» ldentify optimal automated feature extraction method
» Develop the tool

» Test and refine the tool

» Create a standard operating procedure document for
the tool




Data Acquisition

IOM Drone Imagery Digital Globe WV-3 -4

High-resolution 10cm 30cm
Multi-band RGB RGB and SWIR
Orthorectified Yes Yes
Regular collection Every 3 months At least 6x a year
Low to no-cost Free $22.50 per sqgkm

Accessible to HADR Yes Yes
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Source: [15]



Data Acquisition

» Camp population estimates

all Key Camp Information # Demographics’

Camp management: Age and gender breakdown
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W Protocion TrE Information on average Yes

Protection, safety and security Individuals per family
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Automated Feature Extraction Workflow

» Software - ArcMap 10.5.1

» Object-based Extraction Workflow
» Segment image

Table 1. Training Classes

—

. Light-tone roof

o . Orange roof
» Extract training areas (Table 1)
o . o . Green roof
» Use training areas to train the MLC, RT, and SVM classifiers -
» Output - Classifier Definition File .
Blue roof

» Classify image

. Dark-tone roof
» Conduct accuracy assessment

\OOO\IO\.U'IAwN

. . . Yellow roof
» Pixel-based Extraction Workflow Water
» Extract training areas (Table 1) el g it

» Use training areas to train the MLC, RT, and SVM classifiers
» Output - Classifier Definition File

» Classify image
» Conduct accuracy assessment

10. Agriculture / grass

11. Trees




Camp Population Estimate Tool Parameters

Too! parameter Requirement [Note

Image file Required
Camp outline Optional
Segmentation parameters Required
Classifier definition file Required

Population estimate parameters Required

Workspace Required

Image source must correlate with
classifier signature file.

Used to create a raster mask to decrease
processing time and focus calculation
area.

Used if an object-based approach is used.
Default parameters will be provided.

Classifier signature file must correlation
with image source. Signature file from this
study will be provided with the tool.

Based on average covered area per
person.

Geodatabase



Object-Based
Method Tool
Workflow

Pixel-Based
Method Tool
Workflow




Validating the method and estimates

Compare classification methods and parameter combinations
Overall, user, and producer accuracies | Processing time | Consistency

» Validate image extraction method Calculate average classification

Test 1 Same area used to develop CDF Same image date used to develop CDF
Test 2 Same area used to develop CDF Different image date used to develop CDF
Test 3 Different area used to develop CDF Same image date used to develop CDF
Test 4 Different area used to develop CDF Different image date used to develop CDF

» Validate population estimates

\

Calculate population estimates based on dwelling figures derived from
automated feature extraction
» At least a 75% overall classification accuracy
» Population estimate within a 15% margin of error compared to field-
based estimates

Compare population estimates




Project Timeline

Literature review Continuous
Collect data sources Completed
Complete project proposal and peer review 2 May 2019

Compare automated methods May 2019
Develop tool May 2019
Test and refine tool June 2019
Write tool standard operating procedure June 2019
% Deliver tool to potential customers June 2019
g Collect customer feedback July 2019
§ Refine tool if necessary July 2019
Complete comprehensive report August 2019

Present at conference TBD




Possible Presentation Venues

Name _________location __lDats

GIS in the Rockies

Hawaii Geographic Information Coordinating
Council Annual Meeting

Hawaii International Conference on System
Science

ESRI Federal User Conference

All Partners Access Network, USINDOPACOM
HADR Community Workshop

American Association of Geographers Annual
Meeting

University Consortium for GIS
Esri Speaker Series

Denver, CO
Hawaii

Wailea, HI

Washington, DC
Honolulu, HI

Denver, CO

Honolulu, Hi
Redlands, CA

September 17-18, 2019
TBD

January 7-10, 2020

Winter 2020
Winter 2020

April 6-20, 2020

June 2020
Flexible dates
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ldentify Optimal Automated Feature
Extraction Method

» Conduct multiple classifications using different method,
classifier, and parameter combinations

» Object-base vs. Pixel-base

» Maximum Likelihood (MLC) vs. Random Trees (RT) vs. Support Vector
Machine (SVM)

» Segment attributes
» Compare classification methods and parameter combinations

» Overall, user, and producer accuracies
» Consistent results for different camps and dates

» Processing time




Challenges and Limitations

» Data
» Multi-spectral high-resolution imagery costs
» Multiple image collections
» Accurate population estimates

» Automated feature extraction challenges and limitations
» Inability to differentiate building function and occupancy status
» Decreased accuracy in complex situations
» Tree cover
» Connected features
» Multi-story dwellings
» Spectral variance between sensors

» Geographical, seasonal, and building material effects on
spectral signatures




Deliverables

» Custom tool
» ArcMap Toolbox
» Python script
» Classifier Definition File
» Tool standard operation procedure document

» Tool accuracy assessment
» Error matrix
» Overall, user, and producer accuracies
» Dwelling shapefile and map product
» Comparison to field data

» Comprehensive report




