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MetaSystems Metafer Sperm Finder DNN automated scanning is used to detect sperm can-
didates on microscopy slides. The system was validated and accredited, proved to be robust,
sensitive and suitable for routine crime scene sample analysis.
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BuasneHHA cnepmu 3a 4ONOMOrOH0 LWUTYYHOTO iHTENEeKTY
Y 3pa3Kax, OTpMMaHMUX y cnpaBax

npo ceKkcyas/ibHe HAaCUAbCTBO,—

Banipauisa Ta BNpoOBaAXeHHA

MetaSystems Metafer Sperm Finder DNN

Cinosa Epe

Asmomamu3zosaHuUM ckaHysaHHAM MetaSystems Metafer Sperm Finder DNN nocnyzosy-
tomoca 0019 8UAB/AEHHA CriepMamo30idis-KaHOUOamis Ha rnpedMemHuUX CKenbysax 018 Mi-
Kpockonii., Cucmema nipoliwna eanioauito ma akpeoumavyito, dosesna csoro HadiliHicme,
yymasusicme i npudamHicme 0718 PymuHHO20 AHAAI3Y 3PA3Ki8 3 MiCUs 3/104UHY.

Knrouosi cnoesa: niomeepoxysanbHUli mecm crnepmu; MiKpocKonia;, wmy4HUl iHmenekm.

The aim of this work was to validate and
implement a semi-automated digital
pathology system by MetaSystems for
searching sperm cells in evidence sam-
ples collected from scene or involved
persons of sexual assault cases. The
microscope includes analysis software
Metafer with artificial intelligence (Al)
based automatic object detection and
image classifier algorithm Sperm Finder
DNN. The Al is designed to aid the search
in cooperation with the human operator.
The system detects, photographs, lo-
cates and rates/ranks material (cells and
background noise) found on the micro-
scopy slide, after which findings are ana-
lyzed and confirmed by the expert.
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Typically, casework sample quality
and source have high variability which
presents several issues during staining
and makes cytological analysis some-
what unpredictable. Typical problems
include for example — low or high
amount of material, low amount of
absence of sperm cells, mixture of un-
known materials and biological fluids,
presence of objects with high similarity
to a stained sperm head (e.g. neutrophil
nuclei from degraded white blood cells,
yeast cells, condom oil droplets, glass
defects, etc.).

Manual analysis of negative micro-
scopy slides or slides consisting very few
sperms is extremely time consuming,
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but typically around ~80—90 % trace
samples were found to be negative for
sperms over the years. The new device
was validated to help aid the search for
sperm cells, decrease hands-on time
of analysis and increase sensitivity of
search results.

In addition to routine work, the
automated scanning opened new op-
portunities to research known issues
of sample preparation methods — cell
release efficacy from sample materials.
Tests showed that efficacy of release of
intact sperm cells from several sample
matrix materials, is arguably low — even
in widely used materials used for crime
investigations like cotton swabs or com-
mon textiles used in clothing. Due to this
reason, considerable manual processing
is still required to prepare microscopy
slides before analysis. Sample prepara-
tion methods require further research.

The MetaSystems device (including
two Al algorithms) was validated using
~400 casework samples and ~600 test
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samples, tested parameters included
sensitivity, repeatability, reproducibil-
ity, robustness, concordance, mixture
analysis, traceability. Robustness of
the Sperm Finder DNN algorithm was
tested on crime scene samples from
previous years (including trace samples
from the scene and gynecological/an-
drological samples) and test samples of
mixtures of different tissues and back-
ground noise (semen, saliva, epithelial
cells, blood, yeast, dirt, textile and other
sample matrix residue).

The validated device and software
proved to be robust, had increased ana-
lysis sensitivity and was found to be suit-
able for analyzing sexual assault case-
work samples. MetaSystems Metafer
Sperm Finder DNN was validated ac-
cording to ENFSI recommendations [1],
accredited by external institute (Esto-
nian Centre for Standardisation and Ac-
creditation) and implemented into Esto-
nian forensic casework routine in 2025
(Estonian Forensic Science Institute).

Fig. 1. Human confirmed findings of sperm cells
that were initally scanned and detected automatically
by Metafer software (including Sperm Finder DNN) from a microscopy slide
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Fig. 2. Overview of automatically detected and photographed objects —
each object (e.g. cells, dust, bacteria, reagent bubbles) rated by similarity to a sperm cell
(ranked from 100 % to 0 % likeness to a sperm cell)
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