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MOTIVATION

Current State

continuous growth 
of digital data

CORE PROBLEMS AND HOW TO TACKLE THEM
Milenkovic and Pan [4] highlight that no single coding scheme can simultaneously 
optimize storage density, robustness to synthesizing and decoding errors, and 
biological compatibility, leading to the widespread adoption of hybrid encoding 
strategies. 
Another important contribution is the characterization of the DNA storage channel, 
which models the combined effects of synthesis errors, strand dropouts, PCR bias, 
and sequencing noise. This body of work emphasizes that insertion and deletion 
errors are the dominant challenge in practical systems and motivates the use of 
synchronization-aware codes and redundancy at the strand level.

GOALS
We aim to bridge the gap between digital and biological storage media.
Our goal is to transform a digital picture into data that can be stored in DNA and to 
develop the reverse process, i.e. reconstructing the picture from the stored DNA 
sequence.
Specifically, we seek to encode .jpg-files into DNA-sequences including error-
correction algorithms and a focus on efficiency, sustainability and cost.
As a last step we want to realize our methods in a laboratory and benchmark the 
results in the field.

CODING STRATEGIES AND ERROR CORRECTION
Several classes of coding techniques [5] are commonly used in DNA storage 
systems:
• Fountain codes (e.g. DNA Fountain) provide flexible, rateless encoding and high 

storage density but are sensitive to synchronization errors.
• Classical error-correcting codes (e.g. Reed–Solomon, BCH, LDPC) are effective 

against substitutions and erasures but require additional mechanisms to handle 
indels.

• Constrained coding ensures that generated DNA sequences satisfy biological 
constraints such as balanced GC content and limited homopolymer runs.

• Synchronization and marker-based codes explicitly address insertion and 
deletion errors by maintaining sequence alignment. 

FIRST STEPS
While the fundamental feasibility of this process has already been demonstrated, 
notably e.g. by Goldman et al. (2013) [2], with the first robust recovery achieved by 
Grass et al. (2015) [3], we are planning to move beyond a mere reproduction. We 
want to systematically evaluate and stress-test these established workflows by 
implementing different error-correcting codes and encoding strategies.
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The input data is
represented as a
sequence of ones
and zeros.

Bits are converted
into base-3 digits
(trits), matching the
4-character alphabet
of DNA.

Key idea: 
Never the same base twice in a row — the +1 offset in the rotation makes repetitions like AAAA structurally impossible.

Base order: A = 0, C = 1, G = 2, T = 3 (starting position: A)

From the stepsizes
between consecutive
bases, the original trits
and thus the original
data are
reconstructed.
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DNA Storage — Algorithm Overview
Goldman Encoding: data encoded as steps between DNA bases

Encoding: Bytes  Trits  DNA sequence Decoding: DNA sequence  Trits  Bytes | → → → →

Each trit determines
how many steps to
advance in the
alphabet — never
returning to the same
base.


