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MMoottiivvaattiioonn  aanndd  PPrroobblleemm

Within jbDATA, large volumes of sensor data are continuously 
collected, processed, and enriched to support the development of 
reliable autonomous driving systems. A central challenge is ensuring 
that these datasets are not only large, but also representative, 
unbiased, and informative for safety-critical scenarios.

Understanding dataset composition, however, remains difficult. 
Existing approaches rely on metadata, predefined annotations, or 
manual inspection. While useful, these methods provide only limited 
semantic insight and do not scale well to modern data volumes.

As a result, differences between datasets, potential biases, or gaps in 
coverage are often difficult to identify systematically. To address this, 
FZI explored methods for describing differences between subsets of 
image data in natural language, enabling a more intuitive and scalable 
form of dataset analysis for both experts and decision-makers.

MMeetthhoodd::  DDeessccrriibbiinngg  DDaattaasseett  DDiiffffeerreenncceess  iinn  NNaattuurraall  LLaanngguuaaggee

FZI introduced object-centric set difference captioning, an approach 
that generates concise natural-language descriptions of how two 
subsets of data differ. The method compares a target set with a 
reference set and identifies properties that are more characteristic of 
one set than the other. This relative formulation highlights meaningful 
differences while suppressing common features.

To improve interpretability, the approach focuses on individual objects 
rather than full images. Objects such as vehicles or pedestrians are 
extracted as image patches using bounding box annotations. Vision-
Language Models (VLMs) jointly process images and text to generate 
human-readable descriptions of dataset differences.

A two-stage pipeline ensures scalability. First, a proposer module 
generates candidate hypotheses from small data samples using a 
VLM. Second, a ranker module evaluates these hypotheses on the full 
datasets to identify the most consistent description. This design 
enables efficient and robust analysis of large datasets.

BBeenncchhmmaarrkk  aanndd  RReessuullttss

To evaluate the approach, FZI developed a benchmark tailored to 
autonomous driving data. It includes three dataset types: web-scraped 
data with high diversity, annotation-filtered data with precise 
differences, and CLIP-filtered data with diverse differences and 
realistic images. 

The benchmark reflects key real-world challenges. These include 
noise, where datasets may contain imperfect samples, and sparsity, 
where relevant differences occur only rarely, as is common for safety-
critical events.

Results show that the two-stage approach provides robust 
performance across different conditions, particularly in the presence 
of noise and sparse differences. Natural-language descriptions 
capture meaningful distinctions beyond predefined annotation 
categories, offering additional insight into dataset composition.

However, detecting extremely rare differences remains challenging, 
indicating the need for further research in this area.

Overall, the results demonstrate that natural-language-based dataset 
analysis can support scalable and interpretable data understanding 
within the Smart Data Loop of jbDATA, contributing to improved 
dataset quality and system reliability.

Figure 1: Set difference captioning: Target set images are compared to reference set
images to generate a natural language description of the differences between both
sets
(images top: [1], images bottom: [2])

Figure 2: Two-step approach: A VLM-based Proposer generates candidate
descriptions from a sub-sampled set of images; which are then tested and ranked on 
the two complete datasets by the Ranker component (images: [1])

Figure 3: Benchmark dataset: 320 pairs of image sets with ground truth difference
descriptions. Sizes of sets vary from 100 to 8000 images per set. Web-scraped images
are collected from Bing-image search, the annotation-filtered and CLIP-filtered split
contain image patches from KITTI, Waymo, and nuImages datasets. (images top: [3], 
images middle: [1], images bottom: [4])

[1] adapted from nuImages (https://www.nuscenes.org/nuimages) under CC BY-NC-SA 
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[2] adapted from KITTI  (https://www.cvlibs.net/datasets/kitti), published under CC BY-
NC-SA 3.0 (https://creativecommons.org/licenses/by-nc-sa/3.0), ©A. Geiger, P. Lenz, 
C. Stiller, R. Urtasun
[3] CC0 (public domain)
[4] adapted from Waymo Open Dataset: This illustration was made using the Waymo 
Open Dataset, provided by Waymo LLC under the Waymo Dataset License Agreement 
for Non-Commercial Use, available at waymo.com/open/terms, and your access and 
use of such work are governed by the terms and conditions therein.


