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MMoottiivvaattiioonn

Modern sensor systems generate continuous data streams, but 
storage, bandwidth, and compute on edge devices are limited. At the 
same time, downstream model quality depends heavily on the quality 
of the collected dataset. The challenge is therefore to construct a 
compact dataset with desired properties such as diversity, 
representativeness, and low redundancy, rather than storing all 
incoming data. We address this by viewing data collection as an 
online, feedback-driven process. As samples arrive, the system 
evaluates the current dataset against predefined quality criteria and 
decides in real time whether each sample should be kept or discarded. 
Because stream statistics and dataset composition evolve over time, 
this process must adapt continuously under strict resource 
constraints.

AApppprrooaacchh

The idea is to model the dataset as a dynamical system that can be 
controlled through feedback [1]. Incoming data is treated as an external 
input, and the sampling policy is adjusted in real time to steer the dataset 
toward a desired target distribution. To account for limited on-vehicle 
resources, the method maintains an online estimate of the dataset state 
and uses it to evaluate the utility of each new observation. In this way, 
FCDC operates as a feedback-driven collection mechanism that 
continuously estimates and controls dataset evolution based only on the 
observed data stream.
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RReeaall--WWoorrlldd  EExxaammppllee

A 20-minute real-world data stream from [2] was used to construct an 
image dataset balanced by the number of visible vehicles per image. 
Overall, the FCDC method reduced the number of collected samples by 
39.8% while improving dataset balance by 25.9%.

CCoonncclluussiioonn

The proposed Feedback Control Data Collection framework models data 
collection as a feedback-driven process that adapts sampling in real 
time. Results show improved alignment with the target distribution and 
more balanced coverage than random sampling.
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Figure 2: The dataset estimation over time, resulting in a continuous valuation of 
the input data space (top) [1]. (© FZI) 

At each time step, the 
vehicle receives a new data 
sample from the 
environment. This sample 
is transformed into a 
feature representation, 
evaluated with respect to the current dataset state, and then 
either accepted or rejected. Accepted samples are added to the 
dataset, while all observations contribute to updating the 
internal estimate of the dataset state. In this way, the system 
continuously adapts its future selection decisions based on the 
evolving dataset, forming a closed-loop and feedback-driven 
collection process. 

Figure 4: Comparison of random 
selection and two different 
value functions based on the 
error between the collected data 
distribution and a uniform target 
distribution [1]. (© FZI) 

Figure 3: Visualization of the input 
(left) to output (right) behavior of 
FCDC [1]. (© FZI) 

Figure 5 (top): Comparison of open-
loop (top) and closed-loop (bottom) 
data collection ) [1]. (© FZI) 

Figure 6 (right): Balance over time 
measured using the coefficient of 
variation (CV) [1]. (© FZI) 

Figure 1: Data Flow Schematic of the Feedback Control Data Collection) [1]. (© FZI) 


