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Template Matching with Deformable Diversity Similarity
Itamar Talmi*    Roey Mechrez*    Lihi Zelnik-Manor

Goal Input: a template and a target image
Output: the location of the template within the target image

• Occlusions 
• Complex deformationsChallenges
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� exp 1 − 𝜿𝜿
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃ℎAlgorithm overview

1. For each candidate window of the target image:

1.1. Compute patch-based NNF

1.2. Score the NNF using DDIS

2. Match = window with maximum score

spatial distance: 𝒓𝒓 = 𝑥𝑥,𝑦𝑦 − (𝑥̀𝑥, 𝑦̀𝑦)Similarity Definition

𝜿𝜿 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝ℎ 𝑝𝑝𝑖𝑖

= # window patches 
whose 𝐍𝐍𝐍𝐍 is 𝑝𝑝𝑖𝑖
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Template Window

Nearest Neighbor Field
(NNF)

• Out-of-plane rotation
• Background clutter

Key Ideas

Don’t need 
bi-directional 

similarity
(One Direction 

suffices)

Comparison to BBS
E(diversity) ≈ E(BBS)

template pointwindow point Nearest neighbor

Redundant NNF
(also: can’t use ANN)

Required NNF

Template

Target Image Target Image

Best-Buddies
Nearest Neighbor

DDIS deep DDIS color

Good match = Similar distributions 

Diverse NNF 
matches

Small 
deformation

Bad match = Different distributions 

Non-diverse NNF 
matches

Large 
deformation

Template Template

Deep features Color features

Expected behavior – 1D Gaussian case

DDIS
BB
S

Template Target Image DDIS heatmap BBS heatmap

BBS

DDIS

DDIS
DDIS

BBS

BBS

BBS

BBSDDIS

DDIS

𝐸𝐸 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐸𝐸[𝐒𝐒𝐒𝐒𝐒𝐒]𝐸𝐸[𝐁𝐁𝐁𝐁𝐁𝐁]

Small
deformation

Ignore
deformation

Large
deformation

𝐸𝐸 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐸𝐸 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃
Expected similarity between points sampled from 
two gaussian distributions:

𝑁𝑁 0,1 and 𝑁𝑁 𝜇𝜇,𝜎𝜎 , 𝜇𝜇,𝜎𝜎 ∈ [0,1]

Previous work: Best-Buddies Similarity
Template Window

Best 
buddies

Not best 
buddies

[1] Oron and Dekel et al. Best-buddies similarity for robust template matching  CVPR2015, arXiv 2016
[2] Simakov et al. Summarizing visual data using bidirectional similarity CVPR, 2008.

Get our 
code

• Use Bi-directional NNF
• Count Best-Buddies pairs
• A Best-Buddies pair is a template 

patch and a window patch that are 
NN of each other

Summary
1. NNF with high diversity and low deformation 

is a strong cue for similarity
2. Improve 5%-10% detection accuracy on the 

standard benchmark
3. Use one-direction search and dramatically 

improve runtime
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BBS RGBxy

Image size x template size

Runtime 
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