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. Motivation

Figure: Taken from http://biovis.net/2024/biovisChallenges_vis/, generated with STdeconvolve by Miller
et al. Miller, Huang, Atta, et al. [1].
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Motivation

ceecccs

Figure: Taken from http://biovis.net/2024/biovisChallenges_vis/, generated with STdeconvolve by Miller
et al. Miller, Huang, Atta, et al. [1].

“[...] the only worse design than a pie chart is several of them, for then the viewer is asked to
compare quantities located in spatial disarray both within and between pies [...].” — Tufte and Graves-
Morris [2]
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3
Design Considerations

= Goals for a marker design

1. Optimal usage of the available space (as translucent as possible)
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3
Design Considerations

= Goals for a marker design

1. Optimal usage of the available space (as translucent as possible)
2. Visually enhance coherent regions with similar cell-type compositions
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3
Design Considerations

= Goals for a marker design

1. Optimal usage of the available space (as translucent as possible)
2. Visually enhance coherent regions with similar cell-type compositions
3. Visually reflect the association to a local cluster

Stefan Lengauer

3 s
Jan 21, 2025 \,:‘c’:f;’é‘am



Motivation Methodology Results Discussion & Outlook Conclusion Bibliography Appendix ﬂ-IG-rl;!_

Alternative Designs

(a) Reference: Pie Charts (b) Bar Charts (c) Treemaps

Figure: Alternative baseline visualizations for proportional relations: (b) Bar Charts, (c¢) Treemaps
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“ Alternative Designs

Figure: Stizels by Moérth, Haldorsen,
Bruckner, et al. [3]
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“ Alternative Designs

Figure: Stizels by Moérth, Haldorsen, Figure: Winglets by Lu, Wang, Lanir, et al. [4]
Bruckner, et al. [3]
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. Design Considerations

= Goals for a marker design

1. Optimal usage of the available space (as translucent as possible)
2. Visually enhance coherent regions with similar cell-type compositions
3. Visually reflect the association to a local cluster
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; Design Considerations

= Goals for a marker design

1. Optimal usage of the available space (as translucent as possible)
2. Visually enhance coherent regions with similar cell-type compositions
3. Visually reflect the association to a local cluster

=  Proposed idea

= Separated, but tightly packed shapes
= (Circular base shape + protruding tail pointing
towards the local cluster

Stefan Lengauer
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Terminology

Terminolo

z € X ... The index set of ST pixels
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Terminology

Terminolo

z € X ... The index set of ST pixels
k € K ... The index set of classes (cell-types)
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Terminology

Terminolo

z € X ... The index set of ST pixels
k € K ... The index set of classes (cell-types)

P(z) € R?...The pixel x’s position
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Terminology

Terminolo

z € X ... The index set of ST pixels
k € K ... The index set of classes (cell-types)
P(z) € R?...The pixel x’s position

k . The class k’s contribution to pixel =

Wy,

Stefan Lengauer vg«;sﬂnns
Jan 21, 2025 N Sb0TING



Motivation Methodology Results Discussion & Outlook Conclusion Bibliography Appendix ﬁ'l;,';,!_

Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition
Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius

Stefan Lengauer vuggsmms
Jan 21, 2025 N Sb0TING



Motivation Methodology Results Discussion & Outlook Conclusion Bibliography Appendix ﬁ'l;,';,!_

Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition
Droplet DF = (rk ek OF, PF) of class k for pixel z with:

7 ... The radius

k
T
k
v

€ ... The excentricity
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius .
e’; ... The excentricity
O’; ... The orientation
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

k
Tz

k
v

@k
%

g

.. The radius
.. The excentricity
.. The orientation

.. The center point
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius ¥
0
5‘: .. The excentricity 7
OF ... The orientation ?
Pf ... The center point 7
Stefan Lengauer v-g'gﬂms
N ESiip e

Jan 21, 2025



Motivation Methodology Results Discussion & Outlook Conclusion Bibliography Appendix ﬁ'l;,';,!_

Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius * oc wk .
e'; .. The excentricity 7
O’; ... The orientation 7
Pa'f ... The center point 7
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius rhocwk v
eﬁ .. The excentricity 7
OI; ... The orientation 7
Pf ... The center point 7
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius rF o wk v o
ek .. The excentricity e =rF/ck cF o [VOE|
OF ... The orientation OF «x VOF
Pf ... The center point 7
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

ry ... The radius ™* o wh v .
ek .. The excentricity e* =r¥/ck & o |[VOF|

OF ...The orientation ~Of o V&*

PF ... The center point PF = PF(VOF, {Pf/}kreK\{k})
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Attraction Potential

A droplet is attracted by all other droplets of same class, relative to their
respective contributions w¥ and their distances.

Scalar field ®F

Attraction potential for class k at p € R?:

O*(p) = > who(|IP(x) - pll)

zeEX

Stefan Lengauer vygﬂrms
Jan 21, 2025 N Sb0TING



Motivation Methodology Results Discussion & Outlook Conclusion Bibliography Appendix ﬁ'l;,';,!_

Attraction Potential

A droplet is attracted by all other droplets of same class, relative to their
respective contributions w¥ and their distances.

Scalar field ®F

Attraction potential for class k at p € R?:

k k :
o (p) = ) wkb(IP(x) - pl) G WA
r \2
zeX 0(r) = e~ (32)" . Fast decaying proximity kernel
kE._ gk
@ = "(P(x)) o? ... The variance (kernel width)
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. Attraction Potential

Figure: Toy example of 30 x 30 grid.
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Figure: Toy example of 30 x 30 grid.
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Attraction Potential

Directions are obtained through partial differentiation of the scalar potential field.

Vector field VOF

Ok (p) = Y wko(|P(z) - pll)

zeX
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Attraction Potential

Directions are obtained through partial differentiation of the scalar potential field.

Vector field VOF

o (p) = wko(||P(x) — — a() 9()
®) ; (1P() - pl) v0) { 2, y}
o O
var(p) = Y k(| P(x) ~ pl)S(P(2) ~ p) 2=[o a]
rxeX

Vok . = Vok(P(x))
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Figure: Toy example of 30 x 30 grid.
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Attraction Potential

Figure: Toy example of 30 x 30 grid.
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

ry ... The radius * o wh v .
ek .. The excentricity €* =r¥/ck & o |[VDF|

OF ...The orientation ~Of o V&*

PF ... The center point PF = PF(V®F, {Pf/}kreK\{k})
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

ry ... The radius * o wh v o
ek ...The excentricity &* =7r%/cF ¢ |VOE| v/

OF ...The orientation ~OF o« V& v

P¥ ...The center point PF = PF(V®E {Pf/}kreK\{k})
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™ Marker Layouting

LAYOUTING ()
P, + {P(z): kc K}
K « sorted({k € K : wk > 0})
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Marker Layouting

LAYOUTING ()
P, < {P(z): k€ K}
K « sorted({k € K : wk > 0})

return P,
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™ Marker Layouting

LAYOUTING ()
P, + {P(z): kc K}
K « sorted({k € K : wk > 0})

Pk0

return P,
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% Marker Layouting

LAYOUTING ()
P, « {P(z): ke K}
K < sorted({k € K : w* > 0})
if |K| > 1 then
ko < pop(K), k1 + pop(K)

end if
return P,
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Marker Layouting

LAYOUTING ()

P, « {P(z): ke K}

K < sorted({k € K : w* > 0})

if |K| > 1 then
ko < pop(K), k1 <—Apop(K)
P.lk1] < P(x) + V&L (rko 4 k1)

end if
return P,
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Marker Layouting

LAYOUTING ()
P, « {P(z): ke K}
K < sorted({k € K : w* > 0})
if |K| > 1 then
ko < pop(K), k1 <—Apop(K)
P.lk1] « P(a) + VOE (rko 4 k1) Wm

Readjust to center in direction —Vfbﬁl

end if
return P,
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Marker Layouting

LAYOUTING ()
P, + {P(z): kc K}
K « sorted({k € K : wk > 0})
if |K| > 1 then
ko < pop(K), k1 < pop(K)
P.[k1] « P(x) + VO (rko 4 rk1)
Readjust to center in direction —Vfbﬁl P
.Pkl
end if
return P,
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Marker Layouting

LAYOUTING ()

P, «+ {P(z): ke K}

K « sorted({k € K : wk > 0})

if |[K| > 1 then
ko < pop(K), k1 < pop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Vfbﬁl
while |K| > 0 do ‘

k + pop(K)
Pkl

end while
end if
return P,
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Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |[K| > 1 then
ko < pop(K), k1 eApop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —V@’;l o
while |K| > 0 do
k + pop(K)
Compute candidate positions P* for k S

end while
end if
return P,
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Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |[K| > 1 then
ko < pop(K), k1 < pop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Vfbﬁl
while |K| > 0 do ‘
k + pop(K)
Compute candidate positions P* for k pii
Discard invalid positions (intersections) Coe | °

end while
end if
return P,
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Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |[K| > 1 then
ko < pop(K), k1 eApop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Vfbﬁl
while |K| > 0 do
k + pop(K)
Compute candidate positions P* for k
Discard invalid positions (intersections)
P, [k] « argmin,cp. {£(V®*(z),p)}

end while
end if
return P,
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™ Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |K| > 1 then
ko < pop(K), k1 <—Apop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Vvok
while |K| > 0 do
k + pop(K)
Compute candidate positions P* for k
Discard invalid positions (intersections)
P, [k] « argmin,cp. {£(V®*(z),p)}

end while
end if
return P,
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™ Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |K| > 1 then
ko < pop(K), k1 <—Apop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Vvok
while |K| > 0 do
k + pop(K)
Compute candidate positions P* for k
Discard invalid positions (intersections)
P, [k] « argmin,cp {£(V®*(z),p)}
Readjust to center in direction —P[k]
end while
end if
return P,

‘Pkﬂ

I ‘Pkl
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Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |[K| > 1 then
ko < pop(K), k1 eApop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Voh oP
while |K| > 0 do -
k + pop(K)
Compute candidate positions P* for k oPH
Discard invalid positions (intersections) '+
P.[k] + arg min g {£(V®*(z),p)}
Readjust to center in direction —P[k]
end while
end if
return P,
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Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |[K| > 1 then
ko < pop(K), k1 eApop(K)
Pulki] + P(x) + VOE (rho 4 pk1)
Readjust to center in direction —Vfbﬁl
while |K| > 0 do
k + pop(K)
Compute candidate positions P* for k
Discard invalid positions (intersections)
P, [k] « argmin,p {£(V®*(z),p)}
Readjust to center in direction —P[k]
end while
end if
return P,
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Marker Layouting

LAYOUTING ()
P, « {P(z): k€ K}
K < sorted({k € K : w* > 0})
if |[K| > 1 then
ko < pop(K), k1 < pop(K)
P.[k1] « P(x) + VO (rko 4 rk1)
Readjust to center in direction —vok O T
while |K| > 0 do Y
k + pop(K)
Compute candidate positions P* for k ST SPH
Discard invalid positions (intersections) '+
P.[k] < arg minpepk{l(vqbk(x),p)} 2
Readjust to center in direction —P[k]
end while
end if
return P,
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

ry ... The radius * o wh v o
ek ...The excentricity &* =7r%/cF ¢ |VOE| v/

OF ...The orientation ~OF o« V& v

P¥ ...The center point PF = PF(V®E {Pf/}kreK\{k})
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Droplet Marker

A droplet marker consists of a circular base
shape, equipped with a protruding tail.

Droplet definition

Droplet DF = (rk ek OF, PF) of class k for pixel z with:

r® ... The radius * o wh v

ek ...The excentricity &* =7r%/cF c o |VOF| v/

OF ...The orientation ~ OF o« V& v

PF ... The center point PF = P¥(V®F Lavourvg(z)) v
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Use Case: Tissue sample with deconvolved cell-types

=  Regular grid supperimposed to
H&E stain of tissue sample

» | X| = 3,499 pixels

s |K| =9 classes

X1 X2 X3 X4 X5 X6 X7 X8 X9 i

F i
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17
] Tissue sample with deconvolved cell-types
ST Pixels ST Pixels + H&E
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Tissue sample with deconvolved cell-types

ST Pixels ST Pixels + H&E Closeup Lense A
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Tissue sample with deconvolved cell-types

ST Pixels ST Pixels + H&E Closeup Lense A Closeup Lense B
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4 Discussion & Outlook

s Additional Use Cases
=  MRI images
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¥ Discussion & Outlook

s Additional Use Cases

=  MRI images
=  Sociodemographical data

Figure: London
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Discussion & Outlook

s Additional Use Cases

=  MRI images

=  Sociodemographical data
= Technical improvements

» Efficiency

=  Non-regular grids

= Adaptation of the underlying
image

Figure: London
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19
) Conclusion

Reference: Pie Charts Droplets

= Python implementation @ https://pluto.cgv.tugraz.at/slengaue/droplets
= Typescript implementation @ https://pluto.cgv.tugraz.at/hereditary/droplets-interactive

The research was funded by the EU Horizon project HEREDITARY (https://hereditary-project.eu)
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Gestalt principles
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. Locally Adaptive Kernel Density
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