
  

Design unbiased population size 
estimation on Gigapixel images

19th Workshop on Stochastic Geometry, 
Stereology and Image Analysis

Marcos Cruz

Departamento de Matemáticas, Estadística y Computación

Universidad de Cantabria



  

Barcelona demonstration 2010



  

Why are there huge discrepancies?

● Political Bias
● Mathematical Bias
● Results cannot be verified

We need an unbiased and verifiable method 



  

Bias and variance

Unbiased Biased

Low variance

High variance



  

Number estimation on still images

We assume that all the particles in the image 
are unambiguously distinguishable for counting



  

Crowd Images

Photo: R. Cancio 1966

Photo: M. Ozer (AFP/Getty Images) 2010



  

Ground Truth: N = 1120
Cruz et al. 2015

Ground Truth: N = 4633
Idrees et al. 2013

Annotated positions



  

Systematic Quadrat sampling

N̂=
T 2

t 2 Q

Cruz et al. 2015

● T= Box size

● t = Quadrat size

● Q = sample size

● Arbitrary fixed rotation

● Uniform random grid

Design unbiased estimator:

    



  

Systematic Quadrat sampling



  

Procedure

● Define counting unit: head, body, eye…

● Define unbiased counting rule



  

Unbiased counting frame

H.J.G. Gundersen 1977



  

Advantages of the proposed method

Design unbiased and no false detections

Spectators Pilgrims

Cruz et al. 2015



  

Variance can be estimated

● Naive approach: assume 
independent quadrat 
counts

– Easy to calculate

– Unrealistic, bad 
estimation

● Our approach: non-
independent quadrat 
counts

– Covariogram model 

– Better performance

Cruz et al. 2015

    



  

Variance estimator

● Cavalieri variance estimator:

– First term estimates between stripes variance contribution

– Second term estimates within stripes variance contribution

Cruz et al. 2015



  

Predictable and low Variance

Spectators

Pilgrims

T = 200 T = 250T = 200 T = 300

T = 120 T = 150 T = 180

Cruz et al. 2015



  

Independent of population size



  

Reference area not needed

Avoids ambiguous reference area definition
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Disadvantages: not automatic
● Recent automatic alternatives:

– Ground Truth: 4633

– Idrees et al. 2013 estimation: 2550 

– Bansal & Venkatesh 2015 estimation: 1557.9



  

Gigapixel image

● Gigapanoramic picture Puerta del Sol 2015:

http://lab.elespanol.com/estaticos/gigapan_sol/

http://lab.elespanol.com/estaticos/gigapan_sol


  

CountEm1 on Gigapixel images

CEE≈0.3

N=2×104 simulated points

Cruz & González-Villa 2017



  

CountEm1 without perspective

N=2×104 simulated points

CEE≈0.07
Cruz & González-Villa 2017



  

CountEm2: Project grid onto image

CEE≈0.07

N=2×104 simulated points

Cruz & González-Villa 2017



  

CountEm2 on Gigapixel image

ceCav≈0.09

N̂=29500

Cruz & González-Villa 2017
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