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How good is good enough?
What measurements and methods are useful in various
clinical imaging contexts, and how to evaluate imaging
algorithm performance

De câtă precizie e nevoie?

Măsurători şi metode utile în context medical, şi posibilităţi de
evaluare a algoritmilor de imagistică medicală

Abordări orientate către om pentru Inteligenţă Artificială de încredere

SMART DIASPORA, Timişoara 2023

Irina Voiculescu
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Oxford Medimaging
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Who we are and what we do

Clinical decision support through:

• semantic segmentation
• 3D reconstruction
• objective anatomical measurements
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Segmentation
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Deterministic methods

A 2D image can be viewed like a 3D terrain map

An nD image can be viewed like an (n+1)D terrain map, n = 1, 2, 3, ...



How good is
good enough?

Irina Voiculescu

Oxford
Medimaging

Segmentation
Deterministic

ML supervised

ML supervised

Landmarks

Robustness
Accuracy

Metrics

Boundary match

Inter–operator

Conclusion

SMART DIASPORA 2023 6

Deterministic methods – kidney segmentation

The volumetric calculation correlates with the clinical
kidney function test after partial resection
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Machine learning for segmentation: fully supervised

Conventional annotated data: fully supervised learning

• plentiful
• reliably annotated

• publicly available
• clinically relevant
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Machine learning for segmentation: partial labels

• Semi-supervised (cross-pseudo-supervision,
multi-view learning, etc.)

As little as 2% of the data is annotated

• Imprecise annotation (noise-robust learning)

• Weakly supervised (scribble supervision)



How good is
good enough?

Irina Voiculescu

Oxford
Medimaging

Segmentation
Deterministic

ML supervised

ML supervised

Landmarks

Robustness
Accuracy

Metrics

Boundary match

Inter–operator

Conclusion

SMART DIASPORA 2023 9

Landmarks
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Do we always need near-prefect segmentation?
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Distance, angle or alignment measurements

The clinical problem should dictate what we measure

Angles or relative positions — no need for masks

Classification (screening) task need not measure pixels
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Landmarks

Landmarks lead to angles and distances

Landmark detection can incorporate a measure of
uncertainty
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Robustness
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Accuracy

Accuracy = TP+TN
TP+TN+FP+FN =

TP +
TN

TP +
TN

+ FP + FN

TN

TPFP FN

People like to hear ‘99% accuracy’

No more relevant than other metrics

Easy to achieve if the feature is small relative to the
overall image size
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Evaluation measures (full dense masks)

Pipeline: humans draw contours, turn those into masks,
generate other masks automatically, and then measure
overlap or difference

Dice similarity coefficient (DSC)
2× TP

TPFP + TP FN

Jaccard similarity coefficient (JSC)
TP

TPFP FN

true positive vol fract (recall, TPVF)
TP

TP FN

true negative vol fract (TNVF) TN

TN

precision (Prec)
TP

TPFP

Image

Ground Truth

Machine Segm.

TN

TPFP FN
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Distance measures

• Distance between two (point) landmarks
• Distance between landmark one-hot-points
• Distance between contours

Define dist(x ,A) as minimum of dist(x , y) where y ∈ A

maximum symmetric surface
distance (Hausdorff, HD)

average symmetric surface
distance (ASSD)
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Is this metric suitable?

Ask yourself: are there other more relevant metrics?

Popular evaluation measures based on region overlap or
boundary distance

• mostly sensitive to one or another type of
segmentation error (size, location, shape)
• as a result, produce contradicting rankings of

segmentation results
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Boundary overlap

Alternative: boundary match

Symmetric Boundary Dice (SBD): Dice similarity
coefficient in a small neighbourhood Nx of each point x ,
x on first region boundary or second region
boundary

65% is a pretty good match but people don’t like it...
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Boundary overlap example

Mean results from one of our segmentation algorithms
Dice Acc Pre Rec/Sen Spe SBD
0.932 0.995 0.934 0.930 0.997 0.657

Machine segmentation against ground truth

yellow=TP, green=FN, red=FP, black=TN
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Robustness

What other ‘ingredients’ could make this work robust?

Inter–operator and intra–operator variability

Is machine result within the difference between humans?
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Conclusion
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Conclusion

Robust clinical AI applications need

• intuitive visualisation
• appropriate evaluation
• measure of (un)certainty
• explainability
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