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Motivation - X-ray scanners : |-|.| u :

Centro Singular de Investigaciéon
en Tecnoloxias Intelixentes

% X-Ray scanners are everywhere. They map materials into a color-coded image
based on object density

T LABTRON

Material Type 6 Color

Organic Brown

Low Inorganic

High Inorganic

Light Metals Green

Heavy Metals Blue

Dense Metals Violet

Impenetrable Black

£ Continuous expert human oversight is required for detecting dangerous objects
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Motivation - X-ray detection : |-|.| u :
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% Current X-ray detectors are limited by the categories in their training datasets
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O Labeled X-ray data is scarce, making them unable to adapt to new classes
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Motivation - Open-Vocabulary X-ray detection : |'|I| u :
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% We introduce the task of OvOD for X-ray imaging and propose RAXO

Class list

/<knife> <spray>

<bottley> <lighter fluid>
<scissors> <laptop>
<gun> <violin>

<battery> <screwdriver>

RAXO is a training-free method that adapts off-the-shelf RGB OvOD models to X-ray
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Motivation - OvOD in a Nutshell : |-|.| u :
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% OvOD detectors first generate candidate regions of interest. Then Regions’ visual
features are compared with text embeddings of the classes.
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Motivation - OvOD in a Nutshell : |-|.| u :
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% RGB OvOD detectors can still localize plausible regions on X-ray images
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O However, the domain gap prevents them from correctly classifying the objects
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RAXO CniL=
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% RAXO replaces the text-based classifier in an OvOD with our visual-based classifier

% It is training-free and most of it runs offline once, introducing negligible overhead
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RAXO - Visual Samples Acquisition

CniL=

Centro Singular de Investigaciéon
en Tecnoloxias Intelixentes

“+ We build X-ray class descriptors using a dual-source (web&in-house) retrieval strategy.
In-house data is already X-ray and web images are adapted with a material transfer
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RAXO - Material Transfer Mechanism : |-|.| u :
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% Build a material database M by clustering in-house objects based on materials

Material Transfer _—
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Our material
transfer works!
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RAXO - Class Descriptor Modeling : |-|.| u :
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% For each sample, extract positive and negative features using segmentation masks
% Samples are concatenated into class descriptor, maintaining intra-class variability
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RAXO - Visual Classification : |-|.| u :
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% For each sample, extract positive and negative features using segmentation masks
% Samples are concatenated into class descriptor, maintaining intra-class variability

|

|
l |
I |
I p— |

|
— |
: = _
I ||| bottle \W:& |
| | td B | ; I
I (@) L - 1 |
| . & el fluid |
: > g spray gun _— |
=2 - == |

|

scissors knife knife

Superpowering Open-Vocabulary Object Detectors for X-ray Vision



Main Results and Our DET-COMPASS Dataset C |-|.| M far
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< RAXO improves 4 RGB OvOD models across 6 benchmarks, without training

% We also introduce DET-COMPASS the most diverse X-ray detection benchmark

G Method | D-COMPASS PIXray PIDray CLCXray DvXray HiXray | Avg. Venue Images Classes Modality
G-DINO [17] | 134 12.9 10.9 6.7 10.0 7.0 102 DvXray [19] TIFS’24 32,000 15 X-ray
»a 1000 47.9 1345 3691240 16556 2221155 226126 1711100 | 2727170 PIXray [18] TMM’22 5,046 15 X-ray
O+ 80720 41.0 1276 33.8 1209 154 145 1801113 2101110 145175 | 24.0138 CLCXray [41] TIFS’ 22 9,565 12 X-ray
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Xe 20/80 16.2 156 21.6 1118 9.4 125 52108 10.6 13.2 9.3 142 12.1 147
Q¥ /100 11.1 105 14.1 143 8.9 2.0 44100 9.0 116 83132 9.3 119
Detic[43] | 115 9.3 7.1 4.7 7.0 48 | 74
S 100/0 3531238 27.3 118.0 113 142 14.0 193 194 1124 14.2 194 20.3 1129 %
Y 80720 30.7 119.2 23.9 114.6 10.8 137 12.3 17.6 18.0 1110 12.1 173 18.0 110.6 (=
l 50/50 + RAXO 24.4 1129 19.5 1102 10.3 13.2 9.2 145 14.6 17.6 11.0 16.2 14.8 17.4 /
& 20/80 16.4 149 15.2159 9.6 125 8.0133 12.7 157 9.9 151 12.0 146 Q
49‘%5’ /100 11.9 104 13.4 141 9.112.0 5.2 10.5 94124 7.9 131 9.5 121
CoDet [20] | 8.4 7.3 57 3.1 5.6 34 .56
O 100/0 35.8 127.4 27.9 120.6 10.3 14.6 14.8 117 17.6 112.0 13.2 19.8 19.9 114.3 %o
O+ 80720 32.2 1238 25.1117.8 9.5138 120189 154 198 11.7 183 17.7 1121 Hg
50/50 + RAXO 24.0 1156 20.0 1127 95138 9.2 161 11.5 159 9.9 165 14.0 15.4 Q'
o 20/80 17.8 19.4 14.8 175 8.5 1238 51120 941338 8.1147 10.6 15.0 O+
@q—(’ /100 12.2 13.8 11.5 14.2 8.1 12.4 4.0 10.9 6.9 11.3 6.5 13.1 8.2 12.6
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Any questions?

See you on October 23, at Session 5
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