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Distribution of Image Search Queries 
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“Bird”, “Boat”, “Car”, “Leopard”, “Potted Plant”  

“300 workout”, 
“24 inch rims”, 
“ninja metal gear solid” 









Re-Ranking Using Click Data 

query Ranker 

Original ranked list Re-ranked list 



• We mitigate 3 problems of existing search engines 
• Leverage user click data to perform re-ranking 
• Use Gaussian Process regression to predict click 
counts for unclicked images 

In This Talk 
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Limitations of Existing Rankers 

• Ignore image content 



Limitations of Existing Rankers 

• Ignore image content 



• A single prediction model is learnt for all queries 
• Score(x) = wtx = j wj xj with query-independent w  
• Query : “tom cruise” 
 
 
 
 
• Query : “delhi” 

Limitations of Existing Rankers  

tom cruise.jpg 

delhi.jpg 

http://images.google.co.in/imgres?imgurl=http://img.listal.com/image/158210/600full-tom-cruise.jpg&imgrefurl=http://www.listal.com/viewimage/158210&usg=__T9PdeDHujk9_JLb6ZedUONCBHVM=&h=425&w=340&sz=28&hl=en&start=1&um=1&tbnid=D6pR3k_ZB9kXdM:&tbnh=126&tbnw=101&prev=/images?q="tom+cruise.jpg"&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://ic2.pbase.com/g3/23/476723/3/54307845.TomCruise.jpg&imgrefurl=http://www.pbase.com/catbounds/celebrity_portraits&usg=__h5uoXONIllUEEUPvnUf2BoZMw0A=&h=383&w=400&sz=31&hl=en&start=5&um=1&tbnid=C6ADPAGTWl9SUM:&tbnh=119&tbnw=124&prev=/images?q="tom+cruise.jpg"&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://www.itgoes.net/sitebuildercontent/sitebuilderpictures/tom-cruise.jpg&imgrefurl=http://www.hollywire.com/the-news-dump/jerry-oconnell-parodies-tom-cruise/&usg=__z18FtgbTEWBOz04b-ux1q3E1-Z0=&h=500&w=377&sz=26&hl=en&start=6&um=1&tbnid=RdP4W_2GyJmJlM:&tbnh=130&tbnw=98&prev=/images?q="tom+cruise.jpg"&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://img.listal.com/image/220390/600full-tom-cruise.jpg&imgrefurl=http://www.listal.com/viewimage/220390&usg=__q8X9I0rVt9YAmBYR-TfyXB2HFSE=&h=590&w=393&sz=19&hl=en&start=9&um=1&tbnid=BOTEhKqbI29IlM:&tbnh=135&tbnw=90&prev=/images?q="tom+cruise.jpg"&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://blog.beliefnet.com/beyondblue/imgs/tom cruise.jpg&imgrefurl=http://blog.beliefnet.com/beyondblue/2008/06/dr-drew-from-celebrity-rehab-a.html&usg=__q-VDz5SP76hq3srw1EdtuXlAIa0=&h=368&w=300&sz=37&hl=en&start=10&um=1&tbnid=0UF9MEC5f3aSvM:&tbnh=122&tbnw=99&prev=/images?q="tom+cruise.jpg"&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://www.splendicity.com/sheknowsbest/files/2008/01/tom-cruise.jpg&imgrefurl=http://www.splendicity.com/sheknowsbest/hollywood-stylish-men-the-2008-sag-awards/&usg=__YhYPyuP5Uyg5sUcG_ykbW0-VpA4=&h=400&w=315&sz=34&hl=en&start=18&um=1&tbnid=9yhQajwgEtqIuM:&tbnh=124&tbnw=98&prev=/images?q="tom+cruise.jpg"&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://mdb8.ibibo.com/03053616c7465645f5fcbf6279ba51a7900b211fb56ef18e15269e4ee176d0b44fed867ddb93b54c5dec17f0186f140660523f0a6.jpeg/delhi-jpg.jpeg&imgrefurl=http://photos.ibibo.com/photo/6695137/delhi-jpg&usg=__K1jwDwh4tFYo_06lDaw-MhAX8SE=&h=375&w=500&sz=56&hl=en&start=2&um=1&tbnid=T4KO7AHSsPZxSM:&tbnh=98&tbnw=130&prev=/images?q=delhi.jpg&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://mdb8.ibibo.com/03053616c7465645f5f7be34f86fe7d8099a166a8c530350d026d11007df8927d81d7c400c57e7efc8a9608c007ced53b23272301.jpeg/delhi-jpg.jpeg&imgrefurl=http://photos.ibibo.com/photo/6695064/delhi-jpg&usg=__4GxPYOX5v2qUHO4Z-A0vHALn_Uo=&h=375&w=500&sz=67&hl=en&start=12&um=1&tbnid=q1e1jkyjma3K1M:&tbnh=98&tbnw=130&prev=/images?q=delhi.jpg&hl=en&um=1
http://images.google.co.in/imgres?imgurl=http://mdb8.ibibo.com/08453616c7465645f5f92ac26f46e245f8ddc38a0e2ad5b944b60458eb9c4de4447a71f560775a4260358ad11b299561ae20d9bdb.jpeg/delhi-jpg.jpeg&imgrefurl=http://photos.ibibo.com/photo/6695128/delhi-jpg&usg=__58RQpKEbL4vvpGj1S6bIw1xC9ZM=&h=375&w=500&sz=39&hl=en&start=22&um=1&tbnid=3lp7zbi-Yqd-jM:&tbnh=98&tbnw=130&prev=/images?q=delhi.jpg&ndsp=20&hl=en&sa=N&start=20&um=1
http://images.google.co.in/imgres?imgurl=http://images3.wikia.nocookie.net/uncyclopedia/images/4/45/Delhi.jpg&imgrefurl=http://uncyclopedia.wikia.com/wiki/File:Delhi.jpg&usg=__ePB6kK3ZYlhH2uQBszaii4Zw2Ls=&h=1080&w=720&sz=132&hl=en&start=25&um=1&tbnid=Ya7Cw_K7P4JvVM:&tbnh=150&tbnw=100&prev=/images?q=delhi.jpg&ndsp=20&hl=en&sa=N&start=20&um=1
http://images.google.co.in/imgres?imgurl=http://enyap3.tripod.com/sitebuildercontent/sitebuilderpictures/delhi.jpg&imgrefurl=http://enyap3.tripod.com/id4.html&usg=__WNYAlK5j-1PWEOBQR91Z14QegBY=&h=537&w=457&sz=104&hl=en&start=40&um=1&tbnid=_hIDMnc8mmwRcM:&tbnh=132&tbnw=112&prev=/images?q=delhi.jpg&ndsp=20&hl=en&sa=N&start=20&um=1
http://images.google.co.in/imgres?imgurl=http://mdb8.ibibo.com/02053616c7465645f5fb315bba1aab7496186a6b7281a99cbdbeb4f35c720b2ac89f72b2d019a4e90a21d939412f3ba7d96ebad62.jpeg/delhi-jpg.jpeg&imgrefurl=http://photos.ibibo.com/photo/6695150/delhi-jpg&usg=__ETo9XvUXecWflVe5G14-hv4HE-A=&h=375&w=500&sz=49&hl=en&start=49&um=1&tbnid=4C1S_MX7VNYi_M:&tbnh=98&tbnw=130&prev=/images?q=delhi.jpg&ndsp=20&hl=en&sa=N&start=40&um=1
http://images.google.co.in/imgres?imgurl=http://mdb8.ibibo.com/01053616c746599b2cc645f5f36981463f65ebfebd803de16e66304b81c711380cb705f04019f7ccecf39c80ac580e5639a2076d1.jpeg/delhi-jpg.jpeg&imgrefurl=http://photos.ibibo.com/photo/6695155/delhi-jpg&usg=__92UPrOLpKZehmXZgBZVlFia1W20=&h=375&w=500&sz=64&hl=en&start=55&um=1&tbnid=Fgsbh-4Pr9BNUM:&tbnh=98&tbnw=130&prev=/images?q=delhi.jpg&ndsp=20&hl=en&sa=N&start=40&um=1
http://images.google.co.in/imgres?imgurl=http://www.andreaharner.com/tom-Cruise.jpg&imgrefurl=http://www.andreaharner.com/archives/fashion_style/&usg=__U4_7pHkjMvGV1p1nbdQjZ_xclg8=&h=512&w=384&sz=39&hl=en&start=23&um=1&tbnid=3LT_MonXHK23_M:&tbnh=131&tbnw=98&prev=/images?q="tom+cruise.jpg"&ndsp=20&hl=en&sa=N&start=20&um=1


Obtaining Annotated Training Data 

Query Thumbnail  Relevance 

“night train” 1 (Not Relevant) 

“fracture” 5 (Excellent Match) 

“she who must 
be obeyed” 

5 (Excellent Match) 



Limitations of Existing Rankers  

• Query : “night train” 
• Training labels generated by human experts 



Limitations of Existing Rankers  

• Query : “fracture” 
• Training labels generated by human experts 



• We use clicks as surrogate training data 
• We avoid problems due to “expert” labels 
• We train a query-dependent re-ranker 
• We can compute visual features from the clicked 
images. 
 

• Key assumption : user clicks are highly correlated 
with relevance 

• Documents : 2 line snippet 
• Videos : 30 second clip           ? 
• Images : Thumbnails 

Leveraging User Click Data  



• Query : “fracture” 
 
 

 
• Query : “child drinking water” 
 
 
 
• Query : “Spring Break 2007” 

Clicks and Relevance  



Evidence for clicks-relevance relationship 
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Naïve solution – ClickBoosting   

Click-boosting ranked list Original ranked list 

• Disadvantages 
• Self reinforcement loop 
• Distracter images promoted to the top 
• Relevant, un-clicked images will never get shown  



Overview of our solution 

query Ranker 

Original ranked list 

Re-ranked list 

f*
visual 

f*
text 

Pseudo-click estimation 

clicked 



• Given a query, obtain the baseline image search 
results and the associated click data 
 
• Train a regression model on the click data to 
predict the number of clicks for a novel image 
 
• Re-rank the top 1000 images according to a linear 
combination of the predicted number of clicks and 
the original ranking score 

GP Regression on Click Data   



• Re-scoring function for image x 
sR(x) = a1 sO(x) + a2 yText(x) + a3 yVisual(x) 

• where 
• sR and sO are the re-ranked and original scores 
• yText  and yVisual are the predicted number of 
clicks estimated using text and visual features 
• a1, a2 and a3 are global weighting constants 

Re-scoring Function   



• Given a ranked list of relevance judgments R 
 
• Cumulative Gain at P 

CGP(R) = i=1..P 2Ri – 1 
 
• Discounted Cumulative Gain 

 DCGP(R) = i=1..P (2Ri – 1) / log2(i+1) 
 
• Normalized Discounted Cumulative Gain 

nDCGP(R) = DCGP(R) / DCGP(I) 
where I is the judgment for the ideal ranked list 

Measuring Search Performance – nDCG   



• Query: “Andrew Zisserman” 
 
 
 
 
 
 
 
 
 
• nDCG@5 = 46/73 = 0.63 

Measuring Search Performance – nDCG   

R1=0 R2=5 R3=0 R4=0 R5=5 

R1=5 R2=5 R3=0 R4=0 R5=0 

CG = 62 
DCG = 73 

CG = 62 
DCG = 46 



• Features 
• Query independent text features (Pagerank) 
• Query dependent text features (filename match) 
• Visual features based on shape, colour and 
texture (HOG, SIFT, LBP, colour histograms, etc) 
 

• We have very few training images (approximately 
20 – 100) and more than 3000 features 
 
• It is therefore essential to perform dimensionality 
reduction to avoid over fitting 

Click Estimation   



• We only have “positive” training data so 
discriminative methods did not work well 
(generating negative training data is non-trivial) 
 
• Simple methods did work well 

Click Estimation - Dimensionality Reduction   

Approach 
Mean 

nDCG at 20 
Relative 

Improvement 

Average click rank 0.6266 – 8.6% 

Correlation with score 0.7209 +5.2 % 

Correlation with clicks 0.7409 +8.1% 

PCA 0.7692 +12.2% 



35 

50 20 5 2 

Click Estimation – Regression 

Query : “night train” 

(#clicks) 



23 

50 20 5 2 

Visual features are not enough 

Need both visual and text features 

“night rod” 

Query : “night train” 

(#clicks) 



Re-ranking function 

query 

Compute 
text 

features 

Compute 
visual 

features 

color, texture, shape 

query dependent 
query independent 

ytext 

yvisual 

Regression 

Score: sR(x) = a1 sO(x) + a2 ytext(x) + a3 yvisual(x) 

sR 

sO 



• Gaussian Process Regression 
 y(x)  = k(x, xTrain) [ k(xTrain, xTrain) + 2I ]-1 yTrain   
  =  dt(x, xTrain) yTrain  
  = wt(x)  
• where 

• y is the predicted number of clicks and yTrain  the 
number of clicks for the set of training images 
• x are the features extracted from a novel image 
• xTrain are the training set features 
•  is a noise parameter 
• k is a Gaussian kernel function 
 

Click Estimation - Regression   



Click Estimation - Regression   

Approach 
Mean 

nDCG at 20 
Relative 

Improvement 

Linear Regression 0.6871 – 0.2% 

Support Vector Regression 0.6997 +2.1 % 

Nearest Neighbour 0.7428 +8.3% 

GP Regression 0.7692 +12.2% 



• Re-scoring function for image x 
sR(x) = a1 sO(x) + a2 yText(x) + a3 yVisual(x) 

Re-scoring Function   

Approach 
Mean 

nDCG at 20 
Relative 

Improvement 

Baseline (a2 = a3 = 0) 0.6854 –  

Baseline + yText (a3 = 0) 0.7077 +3.3 % 

Baseline + yVisual (a2 = 0) 0.6136 –10.5% 

Baseline + yText + yVisual 0.7692 +12.2% 



Evaluation  on 193 Queries 
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Evaluation  on 193 Queries 
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Bing Results – “fracture”   



GP Regression Results – “fracture”   



Bing Results – “pacific ocean”   

pacific ocean 



GP Regression Results – “pacific ocean”   

pacific ocean 



Bing Results – “gnats”   

gnats 



GP Regression Results – “gnats”   

gnats 



Bing Results – “camel caravan”   

camel caravan 



GP Regression Results – “camel caravan”   

camel caravan 



Bing Results – “24 inch rims”   

24 inch rims 



GP Regression Results – “24 inch rims”   

24 inch rims 



Query: “turkey” 

Bing GP Regression 

Multiple interpretations are retained if manifested by clicks 

305 446 

81 446 



Bing Results – “Stargate (1994)”   

Stargate (1994) 



GP Regression Results – “Stargate (1994)”   

Stargate (1994) 
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