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Abstract. We introduce EXTRERANKER, a model that takes as input
local features corresponding to an image query and a group of gallery
images, and outputs a refined ranking list through a single forward pass.
EXTRERANKER formulates the re-ranking problem as a span extraction
task analogous to the text span extraction problem in natural language
processing. In contrast to pair-wise correspondence learning, our ap-
proach leverages long-context sequence models to effectively capture the
list-wise dependencies between query and gallery images at the local-
feature level. EXTRERANKER achieves state-of-the-art re-ranking perfor-
mance compared to alternative methods on ROxford and RParis while
using 10x fewer local descriptors and having 5x lower forward latency.

1 Introduction

Instance-level image retrieval is an important problem in computer vision with
many applications. In general, retrieval is usually cast as a metric learning prob-
lem where a model is trained under a distance or similarity objective to compare
pairs of inputs. Due to the high dimensional nature of images, this process is typ-
ically accomplished in two stages: First, images are mapped to a compact feature
representation that can be used with a similarity function for fast retrieval of a
candidate gallery set of potential matches. Subsequently, a more powerful but
often more computationally demanding re-ranking model refines the retrieved
gallery set into a more precise ranked list.

Prior image re-ranking methods [10, 21, 23, 28] typically adopt a pair-wise
training objective for scoring positive and negative image pairs accordingly. This
strategy does not model nuanced and more complex relative differences from
images in the gallery set, i.e. the top-scoring image should also influence the
relative ranking of other images in the gallery.

In this work, we present EXTRERANKER, a new image re-ranker that learns
from list-wise re-ranking supervision. EXTRERANKER jointly considers depen-
dencies across multiple candidate images given a query image so that these
candidates can be implicitly modeled to calibrate the relevance scores. Figure 1
shows an overview of how EXTRERANKER compares to pair-wise re-rankers by
considering the gallery set jointly. For instance, consider the example provided
in this figure, where the top-scored image clearly matches some features at the
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Fig. 1: Overview of pair-wise vs our proposed list-wise re-ranking. Red circles denote
the locations of input local features. Left: The pair-wise re-ranker gets a high score
for a positive image since it clearly depicts the same structure at the top of the tower
as the query, while a different positive image gets a low score because the top of the
tower is not as clearly visible. Right: Our extractive re-ranker can output a high score
for both positive image results since it can exploit the transitive relationship between
these images as the two gallery images also share common local features.

top of the tower. The top of the tower, on the other hand, is not clearly visible
in the second image, which is still a picture of the same tower. However, the
list-wise re-ranker can still rank with a high score for this second image due to
the transitive relationship between the query image and these two images in the
gallery set.

EXTRERANKER takes inspiration from natural language processing tasks
such as sequence tagging [8,13,19] and extractive question-answering [5, 18, 20,
27]. Modern solutions to these problems often involve a sequence model that
predicts token-level scores to extract task-specific text spans [2,7]. We adopt
this strategy coupled with a long-context transformer model to be able to input
local features from both the query image and the entire set of gallery images.
Our models trained on Google Landmarks v2 (GLDv2) [25] are state-of-the-
art re-rankers in relative performance gains on the Revisited Oxford and Paris
datasets [14—16], while relying on significantly fewer local descriptors per image
and achieving a 5x decrease in inference latency.

2 Related Works

Given a query image, the goal of image retrieval is to search for similar images
in an image database. Early works use hand-crafted local features for image
retrieval [3, 11]. Later works divide the image retrieval into a global retrieval
stage, where retrieving images using a global descriptor [9,24], and a subsequent
local re-ranking stage [1]|, where the top-k retrieved images are re-ranked through
local feature matching with RANSAC [6]. With advancements in deep learning,
global and local features extracted from neural models [4, 10, 12, 26, 29| have
replaced handcrafted features. More recently, researchers have attempted to use
sophisticated pooling [17] and nearest-neighbor expansion techniques to re-frame
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Fig. 2: Training and inference of EXTRERANKER. At training time, the model opti-

mizes a binary cross-entropy loss on each gallery image token. At inference time, the
token scores of each gallery image get aggregated to obtain a re-ranked image list.

image re-ranking to solely consider global image features [21] or even seek a
unified single-stage image retrieval solution [22, 30, 31].

3 Methodology and Experiments

Given a query image I, and a list of k gallery images I ;,i € {1,---,k} re-
turned by global similarity search, the purpose of image re-ranking is to produce
another refined list of gallery images that are reordered based on improved sim-
ilarity measures to the query image I,. Let x, = {x,,; € R" }le denote L local
descriptors (size d;) of the query image I, extracted from a visual backbone and
Xgi = {X97i7j € R% }5:1 denote local descriptors from the i-th gallery image.

Pair-wise re-ranker. A typical neural re-ranker f; computes a pair-wise con-
fidence score S for each pair of images (Iy,1Ig;):

STgXgi) = fo(Xq1, s Xq,L,Xg,i15** +Xg,i L)

where fy optimizes a binary classification loss. The re-ranked list is obtained at
test time by sorting confidence scores for all gallery images in descending order.

Extractive list-wise re-ranker. Figure 2 presents the overview of our method.
In contrast to the pair-wise re-ranker, EXTRERANKER constructs an input token
sequence that accommodates the query image local descriptors along with the
ones of all gallery images:

k
X(Iq, {Tg,i }i—y) = [Xq, 15+ 5%q, L3 [SEPixg,1,15 -+ i%g,1,1L; [SEPL -+ 5% k.15 3%g 5,13 [SEP]],

where [SEP| represents a special token embedding interleaved between descrip-
tors of different images. Let g, be a sequence model that provides contextualized
representations for each input token. EXTRERANKER first uses g, to produce
token-wise representations:
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# Medium Hard
Method local
desc. ROxt ROxf{1M RPar RPar}1M ROxf ROxf{1M RPar RPar}1M
RN50-DELG [4] - 73.6 60.6 85.7 68.6 51.0 32.7 71.5 44.4
+ GV Rerank 1,000 78.3 67.2 85.7 69.6 57.9 43.6 71.0 45.7
F RRT Rerank [23] 500 78.1 67.0 86.7 69.8 60.2 44.1 75.1 49.4

+ CVNet Rerank [10] 3,072 78.7 67.7 87.9 72.3 63.0 46.1 76.8 52.5
+ EXTRERANKER-small 50 80.9 70.9 89.3 7.7 63.3 49.3 77.8 57.9
+ EXTRERANKER-base 50 81.6 71.7 89.2 77.9 64.2 50.5 77.6 58.2

RN101-DELG - 76.3 63.7 86.6 70.6 55.6 37.5 72.4 46.9
+ GV Rerank 1,000 81.2 69.1 87.2 71.5 64.0 47.5 72.8 48.7
+ RRT Rerank 500 79.9 - 87.6 - 64.1 - 76.1 -

+ EXTRERANKER-small 50 81.8 74.1 87.9 75.9 64.2 54.7 75.0 55.2
+ ExXTRERANKER-base 50 83.3 76.1 90.3 80.7 66.9 56.2 81.4 61.8

Table 1: Image retrieval performance (% mAP) on ROxf and RPar and their 1M
distractor variants (+1M) based on DELG [4] local features with Medium and Hard
evaluation strategy. For a fair comparison, results for re-rankers are reported with their
top-100 candidates unless indicated otherwise.

k
H(lg, {Ig,i}; 1) = 90 (xq,15 - 5%q,L; [SEPlixg 1,15 -+ i%g,1,L; [SEPL; - -+ 5%g k15 5 Xg,k,L5 [SEP])
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The re-ranking training is enforced via binary cross-entropy loss on each
gallery image token position. At inference time, we collect all token scores of
a gallery image and use a certain aggregator function p so that each gallery
image gets an aggregated score. Then, the list-wise refined score can be used to
construct the refined gallery list. The aggregator function is defined as one of
the following: (i) summation, (ii) product, (iii) the first token score or (iv) the
last token score of a selected span of tokens.

We report EXTRERANKER performance on ROxf and RPar in Table 1.
Specifically, all models are trained on gallery candidates using the top-50 local
descriptors obtained using the DELG feature extractor. We observe that EXTR-
ERANKER-base exhibits clear and consistent improvement over all local-feature
re-ranking baselines. The improvement is most pronounced on ROxf+1M and
RPar+1M in the hard setting. Our model also demonstrates scalability as the
overall performance improves with model size from small to base. We refer to
model configuration and training recipe in the Appendix.

4 Conclusion

This paper presents EXTRERANKER, the first image re-ranking framework that
leverages list-wise re-ranking supervision at the local feature level. With a long-
context sequence model, this approach effectively captures dependencies between
the query image and each gallery image in addition to the dependencies amongst
the gallery images themselves and implicitly learns to calibrate predictions for a
more precise ranking list.
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